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PREFACE 

As  announced  in  the  first  volume  the  original  second  volume  of  the 
System  of  Medicine  will  now  be  represented  by  two  parts ; this  part 
contains  the  continuation  of  the  Infections  and  the  Intoxications, 
together  with  an  important  article  on  the  General  Pathology  of 
Infection,  by  Professor  James  Pdtchie.  The  Tropical  Diseases  have 
been  removed  from  their  positions  in  the  first  edition  and  collected, 
together  with  the  Animal  Parasites,  into  a single  volume,  which, 
since  it  contains  many  subjects  originally  treated  in  the  second 
volume  of  the  first  edition,  may  be  conveniently  brought  out  at  the 
same  time  as  this  revised  instalment.  It  is,  however,  so  much 
expanded  in  scope  as  to  constitute  a new  rather  than  a revised 
or  rewritten  volume  of  the  System  of  Medicine. 

The  advances  of  ten  years  have  obliged  Professor  Kitchie  to 
rewrite  the  article  on  the  General  Pathology  of  Infection,  originally 
contributed  by  the  late  Professor  Kanthack,  almost  entirely ; and 
hav'e  necessitated  a more  liberal  allowance  of  space.  Some  of  the 
additions  and  changes  in  the  arrangement  may  be  briefly  chronicled. 
A new  article  on  the  Pathology  of  the  Streptothrix  Infections  by 
Mr.  Foulerton,  has  been  added  to  Dr.  Acland’s  contribution  on 
Actinomycosis.  Syphilis  has  been  transferred  from  the  “ Infectious 
Disea.ses  of  Uncertain  Bacteriology”  to  the  “Chronic  Infections  of 
Established  Bacteriology.”  llhtumatic  fever  has  been  brought  from 
Volume  III.,  where  it  appeared  in  conjunction  with  Kheumatoid 
Arthritis,  under  “ General  Diseases  of  Obscure  Origin,”  to  the 
“ Infectious  Jiiseas'es  of  Doubtful  Origin,”  and  has  been  supplemented 
by  an  account  of  its  bacteriological  relations  by  Dr.  W.  Bulloch. 
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The  difficult  subject  of  a “ common  cold  ” has  been  handled  by  Dr. 
Dawson  Williams.  The  authorship  of  the  revised  articles  has 
fortunately  required  comparatively  little  change ; for  the  late  Mr. 
Ernest  Hart’s  article  on  vaccination  as  a branch  of  Preventive 
Medicine,  an  authoritative  contribution  from  Dr.  J.  C.  M'Vail  has 
been  substituted.  In  tbe  Article  on  Anthra.x,  Dr.  Legge,  H.i\I. 
Medical  Inspector  of  Factories,  entered  into  collaboration  with  Dr. 
Bell,  whose  lamented  death  occurred  only  a few  months  after  he 
had  completed  this  .revision.  Dr.  Sidney  Martin,  restrained  by  his 
seat  on  the  Eoyal  Commission,  has  been  unable  to  revise  his 
article  on  Tuberculosis,  but  this  task  has  been  carried  through, 
at  rather  short  notice,  by  Dr.  Bosanquet.  A new  article  on  Food 
Poisoning  has  been  provided  by  Dr.  Batty  Shaw. 

T.  C.  A. 

H.  D.  B. 
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THE  GENERAL  PATHOLOGY  OF  INFECTION 


By  Prof.  James  Kitchie,  M.D. 

I.  The  Relations  of  Bacteria  to  Disease  (p.  1).  By  the  late  Prof.  A.  A. 
Kanthaek.  Revised  by  Prof.  James  Ritchie. 

II.  Changes  produced  by  Bacteria  in  the  Animal  Body  (p.  20).  By  Prof.  Janies 
Ritchie. 

III.  Immunity  (p.  47).  By  Prof.  James  Ritchie. 

IV.  Bacteriology  in  Relation  to  Therapeutics  (p.  171).  By  Prof.  James  Ritchie. 

Introductory. — The  study  of  the  pathology  of  infection  in  the  widest 
and  most  scientific  sense  of  the  tvord  is  almost,  if  not  quite,  conterminous 
with  the  study  of  the  effects  of  any  foreign  living  agent  when  it  gains  a 
foothold  — and  especially  when  it  multiplies  — in  the  animal  bod3^ 
Another  great  truth  has  also  emerged  in  modern  times  in  the  recogni- 
tion of  the  fact  that  notwithstanding  the  diversity  of  clinical  tjqies 
produced  by  different  agents,  there  is  a great  unity  in  the  morbid  pro- 
cesses set  up.  ^Ye  must  therefore,  in  taking  a broad  view  of  the  subject, 
be  prepared  to  account  for  observed  facts,  and  to  recognise  common 
processes  in  such  varied  conditions  as  the  following : — 

(1)  The  action  of  parasitic  fungi  and  bacteria  in  such  diseases  as 
favus,  septicaemia,  tuberculosis,  diphtheria,  enteric  fever,  etc. 

(2)  The  action  of  parasitic  protozoa  in  such  diseases  as  malaria, 
tsetse-fly  disease,  etc. 

(3)  The  action  of  what  for  the  present  are  called  “ultra-microscopic'’ 
living  agents  in  such  diseases  as  pleuro-pneumonia  and  foot-and-mouth 
di.sea.se  in  cattle,  and  probably  yellow  fever  in  man. 

(4)  The  action  of  parasites  of  unknown  character,  though  probably 
belonging  to  one  or  other  of  the  last  three  groups,  which  are  in  all 
likelihood  associated  with  such  diseases  as  small-pox,  scarlet . fever, 
hydrophobia,  mcjisles,  and  so  foith. 

(o)  It  is  a question  whether  certain  phenomena  associated  with  the 
presence  of  parasitic  worms  in  the  body  ought  not  properlj'  to  be  classed 
along  with  the  phenomena  of  undoubted  infections. 

Most  of  our  knowledge  regarding  the  pathology  of  infection  has  been 
derived  from  the  study  of  the  Ijacterial  infections  of  known  origin,  and 
in  the  following  article  these  will  form  the  chief  basis  for  discu.ssion. 

It  is  unncccssjiry  to  enter  into  any  details  regarding  the  nior])holog3’ 
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iuul  biology  of  the  bacteria.  These  organisms,  from  the  structural  stand- 
point, represent  the  lowest  type  of  living  matter,  the  characteristics  of 
each  species  being,  generally  speaking,  summed  up  in  the  vital  capacities 
of  a single  cell.  This  at  any  rate  is  true  of  the  lower  bacteria,  which 
include  nearly  all  the  pathogenetic  forms.  These  are  divided,  according 
to  their  shape,  into  the  three  groups  of  the  cocci,  the  bacilli,  and  the 
spirilla;  they  multiply  by  simple  fission;  some  bacillary  and  spirillary 
forms  are  motile,  and  in  some  bacilli  the  protoplasm  may,  under  certain 
conditions,  develop  into  a spore,  and  it  is  then  highly  resistant  to  the 
action  of  external  agents,  such  as  heat,  antiseptics,  etc.  A few  patho- 
genetic forms  (chiefly  streptothrices,  e.g.  streptothrix  actinomyces)  belong 
to  the  higher  bacteria ; these  organisms  have  a filamentous  character  (the 
filaments  being  made  up  of  units  resembling  the  lower  bacteria  in  form), 
and  here  there  is  more  interdependence  between  the  units  comimsing  the 
filaments. 


I.  The  Relations  of  Bacteria  to  Disease 

The  Biology  of  the  Bacteria  in  Relation  to  Disease. — While  the 
bacteria  are  structurally  simple,  their  jirotoplasm  is  as  capable  of  complex 
activity  as  that  of  any  other  form  of  life.  The  chief  part  played  by 
bacteria  in  nature  is  in  connexion  with  putrefaction.  Most  bacteria  find 
their  food  in  the  dead  bodies  of  plants  or  animals,  or  their  excreta,  and  so 
far  bacteria  are  saprophytes.  From  the  pathological  aspect,  however,  the 
most  important  point  with  regard  to  the  food-sui)ply  of  bacteria  is  that 
it  may  be  furnished  in  the  body  of  a living  animal.  Infective  bacterial 
disease  depends  on  the  capacity  of  certain  bacteria  to  live  and  multiply 
in  the  tissues  of  the  body.  As  primitive  animal  cells  depended  for 
their  nourishment  on  albuminous  material  previously  elaborated  by 
plants,  the  way  was  opened  for  the  development  of  parasitic  tendencies 
by  living  plants  thus  ingested,  and  there  is  no  doubt  that  very  early 
such  parasitism  arose.  It  is  thus  possible  that  the  pathogenetic  bacteria 
have  all  originally  been  derived  from  non-pathogenetic  forms.  And  as 
in  origin  there  is  probably  no  difference  between  parasitic  and  saprojDhytic 
forms,  so  it  is  impossible  to  draw  a hard-and-fast  line  between  parasitic 
and  saprophytic  bacteria  as  they  exist  at  present. 

Thus  organisms  which,  though  usually  occurring  in  the  bodies  of 
animals,  can  be  grown  in  or  on  the  usual  laboratory  media  are  not 
obligatory  parasites,  for  they  possess  the  faculty  of  living  on  dead  matter 
outside  the  animal  body. 

This  truth  is  of  the  utmost  importance  in  the  etiology,  prevention, 
and  hygienic  treatment  of  infective  diseases.  We  know  very  little  of 
the  natural  life  and  habitat  of  most  pathogenetic  organisms ; and  often 
when  we  argue  that  certain  infective  organisms  cannot  find  suitable 
conditions  for  growth  outside  the  animal  body,  we  may  be  arguing 
from  ignorance.  More  than  one  organism,  once  thought  to  be  strictly 
a parasite,  is  now  recognised  to  be  sometimes  a saprophyte.  The  tubercle 
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bacillus,  for  instance,  grows  well  on  ordinary  potatoes  and  on  bread  at 
the  ordinary  room  temperature  and  at  blood-heat ; it  is  certainly  there- 
fore a facultative  saprophyte.  ^loreover,  it  is  very  probable  that  man}’- 
p;ithogenetic  bacteria,  such,  for  instance,  as  the  tetanus  bacillus,  usually 
live  a saprophytic  existence,  and  gain  entrance  as  parasites  to  the  animal 
body  only  occasionally.  Again,  although  some  organisms,  usually 
saprophytic  in  nature,  produce  disease  when  they  gain  entrance  into  the 
body  by  accident  or  experiment,  in  many  cases  saprophytes  may  be 
introduced  without  giving  rise  to  any  changes  whatever.  Several  factors 
— such  as  unwonted  temperature  aud  food  supply — may  be  concerned  in 
this,  but  we  shall  see,  when  considering  the  question  of  immunity,  that 
the  occurrence  opens  up  very  deep  problems  concerning  the  mutual 
reactions  of  cells  of  different  kinds. 

The  Bacteria  associated  with  Disease  Processes. — The  following 
are  the  chief  bacteria  concerned  with  disease.  With  few  exceptions  they 
have  been  isolated  and  grown  in  pure  culture. 

A.  LOWER  BACTERIA. 

Cocci. — Staphylococcus  j^yogenes  aureus  (also  vars.  alhus,  citreu,s,  flatus, 
cereus  albuSjCereus  flatus), Strqjtococcus  piyogenes  (also  var.  erysipelatis), 
Pneumococcus,  Gonococcus,  Micrococcus  melitensis,  Diplococcus  intror- 
cellularis  meningitidis. 

Bacilli. — Bacillus  anthracis.  Bacillus  pestis.  Bacillus  typhosus,  Bacillus 
coli,  Bacillus  dysenterice  (Shiga),  Bacillus  influenzce.  Bacillus 
diphtherial.  Bacillus  tetani,  Bacillus  cedematis  maligni.  Bacillus 
tuberculosis.  Bacillus  lepirce.  Bacillus  mallei. 

•Spirilla. — Vibrio  cholera:. 

B.  HIGHER  BACTERIA. — Streptothrix  actinomyces,  Streptothrix  madurai. 

The  Recognition  of  a Bacterium  as  the  Cause  of  a Disease. — The 
nature  of  the  evidence  for  a bacterium  as  the  cause  of  a given  disease 
varies  in  different  in.stances.  In  some  cases  the  proof  is  absolute,  in 
others  it  is  comparatively  incomplete ; to  be  rigorous,  the  following 
conditions  must  Ije  fulfilled  ; (n)  the  bacterium  must  be  invariably  found 
in  the  ti.s.sues  of  an  animal  dead  from  or  affected  with  the  disease  in 
question ; (b)  it  mast  never  occur  in  other  diseases  or  in  normal 
ti.ssues ; (c)  the  organism  transmitted  from  the  diseased  or  dead  animal 
to  an  unaffected  animal  of  the  same  species  must  produce  le.sions  similar 
to  those  present  in  the  animal  from  which  it  was  derived,  and  in  this 
second  di.seased  animal  the  original  organism  must  be  found  ; (d)  if  the 
organism  can  be  cultivated  outside  the  animal  body,  then  an  artificial 
ctdtivation  inoculated  experimentally  into  an  animal  must  again  produce 
the  disease,  and  this  animal  must  again  contain  the  organism  in  its 
tissues  or  bloofl  ; (c)  it  is  an  additional  link  iti  the  chain  of  evidence 
when  toxins  having  a specific  action  can  be  i.solatcd  from  cultures  of  the 
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bacterium,  and  when  these  reproduce  in  animals  the  characteristic 
features  of  infection  with  the  living  organisms ; (/)  these  processes  must 
occur  in  invariable  succession  under  identical  conditions. 

In  human  diseases  it  is  of  course  rarely  possible  to  establish  the 
causal  relationship  between  a bacterium  and  a disease  by  strictly  following 
these  canons.  But  a practically  certain  proof  is  attainable  in  such  cases 
by  establishing  canons  (a)  and  (6),  by  then  reproducing  the  disease  in 
animals  and  satisfying  the  remaining  canons  in  the  experimental  inocu- 
lations. This  is  what  has  happened  in  the  case  of  tuberculosis.  The 
tubercle  bacillus  has  been  found  in  practically  every  manifestation  of 
human  tuberculosis.  Pieces  of  such  tuberculous  tissues,  or  pure  cultures 
isolated  from  these  tissues,  have  been  used  in  inoculation  experiments,  and 
have  set  up  in  animals  lesions  identical  with  some  form  of  the  human 
disease.  From  these  lesions  the  bacillus  has  again  been  recovered.  The 
more  the  effects  produced  in  animals  differ  from  those  obtaining  in  man 
the  greater  care  must  be  exercised  in  drawing  conclusions,  and  the 
difficulty  of  the  situation  may  be  further  increased  by  the  non-specific 
nature  of  the  lesions  of  the  original  disease.  A good  example  is  found 
in  pneumonia.  In  man  there  is  usually  a lesion  strictly  confined  to  the 
lung.  This  lesion  is,  however,  merely  a particular  type  of  an  ordinary 
inflammation,  such  as  occurs  associated  with  many  organisms.  It  is  true 
that  from  the  great  majority  of  cases  of  pneumonia  a specific  bacterium — 
the  pneumococcus — can  be  isolated.  When  this  organism  is  injected  into 
an  animal,  such  as  the  rabbit,  it  will  pi’oduce,  even  if  inoculation  into  the 
lung  be  practised,  not  a pneumonia  but  a general  septicjemia,  chai’acterised 
by  a distribution  of  the  bacteria  all  over  the  body,  with,  it  may  be,  a 
tendency  to  local  purulent  serous  inflammation.  If,  however,  an  intra- 
pulmonary  inoculation  be  practised  in  the  sheep,  then,  as  Gamaleia  (132) 
has  shewn,  a condition  practically  identical  with  the  human  lesion  is 
produced.  There  is  thus  little  doubt  that  the  organism  is  the  cause  of 
pneumonia  in  man,  and  this  conclusion  is  supported  by  the  very  interesting 
cases  of  serous  inflammations  which  occur  from  time  to  time,  especially  in 
children,  and  from  which  the  pneumococcus  has  been  isolated. 

The  Evidence  that  particular  Bacteria  are  Morbific  Agents. — 
Having  given  a list  of  the  chief  bacteria  isolated  from  human  infective 
disease,  we  shall  now  give  in  brief  outline  the  natiu’e  of  the  evidence 
on  which  their  etiological  relation  to  the  different  diseases  rests.  (1)  In 
the  case  of  some  bacteria  the  proof  may  be  said  to  bo  absolute,  since 
inoculations  of  human  beings  Avith  pure  cultures  have  been  followed  bj^  the 
appearance  of  characteristic  signs  of  the  corresponding  disease.  This  is 
true  of  the  Staphylococcus  pyogenes  aureus  in  its  relationship  to  boils. 
Such  a lesion  was  produced  by  a bacteriologist  rubbing  a pure  culture 
into  his  own  arm  after  the  skin  had  been  sterilised.  The  same  is  true  of 
the  erysipelas  variety  of  the  Streptococcus  pyogenes.  The  supposed 
effect  of  erysipelas  in  promoting  the  disappearance  of  malignant  tumours 
justified  Fehleisen  (120)  in  injecting  into  patients  pure  cultures  of  this 
organism  named,  and  in  the  cases  so  treated  the  disease  resulted.  Again,_ 
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that  the  gonococcus  is  the  cause  of  gonorrhoea  has  been  proved  by- 
inoculations  in  man  by  Bumm  (61). 

(2)  There  are  several  human  diseases  the  bacterial  etiology  of  which 
has  been  substantiated  accidentally.  Of  these  the  chief  are  typhoid  fever, 
cholera,  plague,  Malta  fever.  In  the  cases  of  the  first  two  the  evidence 
derivable  from  animal  e.vperiment  is  unsatisfactory.  Under  natural  con- 
ditions of  infection  animals  do  not  suffer  from  either  disease;  injection 
of  animals  with  the  bacteria  isolated  from  man  is  not  followed  by  the 
characteristic  signs  of  the  human  disease,  and  subcutaneous  inoculation 
with  laboratory  cultures  often  produces  no  disease  whatever.  M ith 
intra-peritoneal  inoculation,  however,  there  is  usually  comparatively 
rapid  death  in,  say,  from  a few  hours  to  some  days,  with  some  peri- 
tonitis and  a semi-purulent  exudation.  In  the  case  of  the  t3^phoid 
bacillus  a condition  somewhat  resembling  the  natural  disease  has  been 
produced  by  Sanarelli  (303),  who  found  that  if  the  bacilli  were  injected 
into  an  animal,  together  with  toxins  derived  from  the  bacillus  coli,  appear- 
ances suggestive  of  early  typhoid  fever  appeared  in  the  intestine.  In 
the  case  of  cholera  the  nearest  approach  to  an  imitation  of  the  natural 
disease  occurred  in  the  experiments  of  Koch  (162).  This  observer 
injected  the  vibrios  into  the  stomach,  having  first  neutralised  the  gastric 
juice  with  sodium  carbonate ; further,  by  paralysing  the  intestinal 
peristalsis  with  opium,  he  ensured  that  the  organism  fehoirld  remain  a 
sufficient  time  in  the  bowel  to  produce  its  toxic  effects.  The  animals  in 
many  cases  presented  symptoms  closely  resembling  cholera  in  man.  But 
neither  in  the  case  of  typhoid  fever  nor  of  cholera  was  the  proof  absolutely 
convincing.  It  has  happened,  however,  that  bacteriologists  have  acci- 
dentall}'  swalloAved  pure  cultures  of  the  organisms,  and  have  subsequently 
developed  the  corresponding  disease..  In  the  case  of  cholera,  a number  of 
intentional  feeding  experiments  have  also  been  performed  by  bacterio- 
logists on  themselves,  and  have  been  followed  by  choleraic  symptoms. 
In  the  case  of  plague,  animal  experiments  reproduce  pathological  condi- 
tions practically  identical  with  the  types  of  the  disease  found  in  man : 
but  here,  again,  accidental  inocixlations  with  cultures  in  man  have  been 
followed  b\'  the  development  of  the  disease.  In  the  case  of  Malta 
fever,  bacteriologists  who  could  not  have  been  infected  by  ordinaiy 
channels,  but  who  were  working  with  pure  eulture.s,  have  become  infected 
with  the  disease.  Although 'in  such  accidental  inoculations  in  man  the 
conditions  of  scientific  experiment  were  not  rigorouslj^  fulfilled,  the  results 
furnish  a prcsrtmptive  proof  of  the  causal  relationship  of  the  bacteria  to 
the  di.sea.se  which  is  little  short  of  absolute. 

(3)  In  by  far  the  greater  number  of  diseases  in  man  from  which 
certain  bacteria  have  uniformly  been  isolated,  the  proof  that  these  are 
really  the  causes  of  the  coiresponding  affections  rests  on  evidence  derived 
from  parallels  between  the  lesions  of  ^he  natural  diseases  in  man  and 
the  lesions  jjroduced  under  rigifl  experimental  conditions  in  animals, 
^uch  is  the  case  with  manv  of  the  inflammatory  and  suppurative  diseases 
from  which  various  organisms  enumerated  above  have  been  isolated  ; 
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it  is  the  case  with  the  more  slowly  developing  or  chronic  inflammations 
characteristic  of  tuberculosis  in  all  its  manifestations,  with  glanders,  actino- 
mycosis, anthrax,  influenza,  diphtheria,  and  tetanus.  Frequently,  as 
in  the  case  of  the  last  two  diseases,  the  parallelism  between  the  natural 
lesions  in  man  and  the  artificial  disease  in  animals  is  very  close.  In  other 
cases,  as  in  that  of  the  pneumococcus  already  discussed,  the  results  of  the 
inoculation  of  some  species  of  animals  difter  much  from  the  effects  pro- 
duced in  man,  and  a special  line  of  interpretation  must  be  adopted. 

(4)  In  the  cases  of  some  diseases — of  which  leprosy  is  an  example — 
the  only  fact  on  which  an  etiological  relationship  can  be  founded  is  the 
constant  occurrence  of  an  organism  with  special  staining  characters 
associated  with  a disease.  In  the  case  cited,  the  association  is  so  con- 
stant and  the  characteristics  of  the  organism  so  special,  that  there  can 
be  little  doubt  that  further  investigation  will  serve  to  confirm  the 
relationship  which  is  at  present  strongly  suspected. 

Conceptions  of  Infection  and  Contagion. — Formerly  pathologists 
understood  by  infective  diseases  those  which  are  set  up  by  certain  poisons, 
or  poisonous  substances  (whether  organised — that  is  living — or  non- 
organised)  either  entering  the  body  from  without,  or  manufactured  in  or 
by  the  tissues  of  diseased  individuals.  They  distinguished  between  a con- 
tarjnim,  and  a miasma,  the  former  being  an  endogenous  virus  developed  in 
the  diseased  individual,  while  the  latter  was  assumed  to  arise  exogenously, 
that  is,  outside  the  diseased  organism.  According  to  this  view  contagious 
diseases  can  be  transmitted  only  from  man  to  man,  or  from  animal  to  man, 
or  conversely  ; while  miasmatic  diseases  may  be  acquired  without  contact 
with  individuals  similarly  affected.  This  distinction  led  to  many  difficulties. 

^Vith  the  ad^'ance  of  bacteriology  these  conceptions  have  become 
modified.  At  the  present  time  we  include  under  infective  diseases  onl\^ 
those  which  are  caused  by  li^dng  pathogenetic  germs  which  enter  the  tissues 
from  without,  and  are  capable  of  multiplying  in  or  on  the  same.  AVe  take  no 
account  of  the  differences  which  exist  among  these  germs  in  their  capacity 
of  living  for  longer  or  shorter  periods  outside  the  animal  body,  difl’erences 
which  were  the  basis  of  the  old  distinction  between  contagion  and  infec- 
tion. Infection  must  be  used  as  the  general  term,  including  contagion. 
It  is  evident  that  a disease  or  lesion  called  infective  may  be  transmitted 
by  direct  contact  from  the  diseased  to  the  health}',  since  the  germs 
to  which  the  mischief  is  due  are  capable,  it  may  be,  of  unlimited  repro- 
duction within  the  diseased  body ; but  it  does  not  necessarily  follow  that 
it  is  always,  or  even  usually,  thus  transmitted.  Pneumonifi,  tj’phoid  fever, 
and  cholera  are  all  infective  diseases,  but  are  they  ordinarily  contagious  ? 

AVhether  a disease  be  directly  or  indirectly  contagious,  or  l)oth,  will 
depend  primarily  on  the  nature  of  the  organism  which  causes  the  disease. 
If  an  infective  lesion  be  due  to  an  organism  usual!}'  parasitic,  then  it 
will  be  transmitted  by  direct  contact,  that  is,  by  immediate  transference 
from  living  tissue  to  li\'ing  tissue.  The  less  parasitic,  and  therefore  the 
more  saprophytic  the  infective  organisms,  the  greater  will  be  the  chances 
of  transmitting  the  lesion  by  indirect  contact,  e.y.  by  the  air ; lor  in  thi& 
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case  the  organisms  can  thrive  for  a considerable  time  outside  the  animal 
bodv.  This  is  a matter  of  some  practical  importance,  because  a disease 
the ' contagion  of  -which  is  exclusively  direct  can  be  stamped  out  by 
isolation;  while  in  a disease  both  directly  and  indirectly  contagious 
isolation  alone  is  of  less  avail. 

Arranging  the  more  important  infective  diseases  on  this  principle  we 
find  that  there  are — 

i.  Diseases  caused  by  organisms  which  readily  perish  outside  the  living 
animal  body ; these  may  be  directly  contagious,  and  are  preventible  by 
isolation,  segi-egation,  or  destruction  of  the  individual ; assisted,  of  course, 
bv  disinfective  measures.  Examples  are  syphilis  and  gonorrheea.  The 
organisms  which  cause  these  diseases  are  of  slight  resistance,  and  outside 
the  animal  body  soon  die. 

ii.  Diseases  caused  by  organisms  of  greater  resistance,  capable  of 
sui’vi-ving,  for  a time  at  any  rate,  outside  the  animal  body,  although 
incapable  of  multiplying  under  such  conditions ; these,  though  generally 
or  almost  always  directly  contagious,  may  occasionally  be  indirectly  con- 
tagious also.  Examples  are  variola,  scarlatina,  measles,  glanders,  diph- 
theria. Isolation  and  segregation  with  disinfection  are  usually  the  best 
means  of  preventing  infection. 

iii.  Diseases  caused  by  organisms  cajiable  of  thriving  outside  the  animal 
body ; these  are  obviously  either  directly  or  indirectly  contagious ; and 
the  greater  the  saprophytic  faculty  of  the  organisms,  the  greater  the 
chances  of  indirect  contagion.  Segregation  and  isolation  are  relatively 
ineffectual  as  preventive  measures ; and  absolute  disinfection  is,  strictly 
speaking,  the  only  means  of  prevention ; in  practice,  however,  this  is 
almost  always  impossible.  Examples  are  tuberculosis,  cholera,  typhoid 
fever.  It  is  cpiite  possible  that  with  increased  knowledge  of  the 
biological  conditions  of  pathogenetic  organisms  more  than  one  disease  at 
present  included  in  the  previous  groups  will  eventually  have  to  be  placed 
in  this  one.  Thus  it  seems  possible  that  the  bacillus  of  diphtheria  may 
be  sometimes  a saprophyte. 

iv.  Diseases  caused  by  organisms  usually  saprophytic  but  capable  of 
acting  as  parasites  ; these  are  hardly  ever  directly  contagious.  Examples 
are  found  in  tetanus,  malignant  oedema,  and  probably  in  some  epidemics 
of  summer  diarrhoea.  Here  also  might  be  included  some  of  the  disease 
conditions  originated  by  the  li.  coli,  which  is  an  ordinary  inhabitant  of 
the  human  intestine.  The  more  widely  an  organism  of  this  class  is 
distributed  the  less  contagious  will  be  the  disease  caused  by  it.  Tetanus, 
for  in.stance,  is  hardly  ever  directly  or  indirectly  contagious  ; it  is  generally 
acopiired  independently  of  any  previous  case. 

Obviously  it  is  a matter  of  great  difficulty  to  draw  a hard-and-fast 
line  between  the  organisms  concerned  in  the  conditions  included  in  the 
third  and  fourth  group.s,  and  it  cannot  be  said  that  in  every  case  a 
definite  opinion  can  be  given  whether  an  organism  is  mainly  pai-asitic  or 
mainly  saprophytic  in  habitat.  It  must  be  admitted  that  here  l)acteriology 
cannot  as  yet  always  give  a comj)letc  explanation  of  the  facts  observed  by 
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the  epidemiologist.  The  social,  racial,  local,  climatic,  and  general  hygienie 
conditions  are  always  of  great  importance  in  modifying  the  incidence 
of  infections,  and  these  conditions  are  no  donbt  often  extreme)}^ 
complex.  For  instance,  a break  in  direct  case-continuity  between  an 
epidemic  of  diphtheria  and  one  occurring  in  the  same  area  at  a subse- 
quent date  might  indicate  for  the  diphtheria  bacillus  a mainly  saprophytic 
existence.  On  the  other  hand,  the  existence  during  diphtheria  epidemics 
of  mild  cases  of  sore  throat,  really  diphtheritic  in  nature,  opens  up  the  wa)’^ 
for  the  bacillus  being  maintained  in  the  human  throat  and  transferred 
from  person  to  person  in  a state  of  slight  or  suppressed  pathogenicity 
during  the  period  when  the  disease  was  apparently  non-existent.  Such 
an  explanation,  however,  even  if  valid  in  one  instance,  probably  would 
not  account  for  all  such  occurrences.  Thus  the  seasonal  recurrence  so 
marked  in  many  epidemic  diseases,  such  as  plague,  constitutes  a very 
diflicult  problem,  which  in  this  particular  example  is  complicated  by  the 
possibility  that  epidemics  in  man  may  be  associated  M'ith  epidemics  in 
one  of  the  lower  animals,  namely,  the  rat.  Indeed,  the  possibility  that 
in  many  human  diseases  there  may  be  an  extra-human  host,  and  in  some 
infections  an  intra-human  and  extra-human  cycle  for  the  morbific  agent, 
has  only  within  recent  years  been  seriously  considered.  In  the  non- 
bacterial  infection  of  malaria  the  I'ecognition  of  such  an  occurrence  has 
to  a large  extent  satisfactorily  settled  the  epidemiology  of  this  disease  ; 
and  the  fact  that  in  3’ellow  fever  the  interposition  of  a mosquito 
is  necessary  for  the  maintenance  of  the  disease  in  an  ejndemic  form  has 
not  only  furnished  a fresh  proof  for  the  necessity  of  keeping  the  possibility 
of  the  recurrence  of  extra  human  hosts  in  view,  but  in  the  disease  in 
question  has  explained  its  occasional  and  local  prevalence.  Then,  again, 
the  biological  qualities  of  an  organism  must  be  taken  into  account.  Thus 
in  a bacterium  which  forms  spores  no  extra-coi’i)oreal  germination  of  the 
spores  need  take  place  after  they  are  formed  till  they  again  find  them- 
selves in  the  body  of  an  animal.  In  the  case  of  anthrax,  for  instance, 
though  there  is  little  doubt  that  germination  often  occurs  saprophytically, 
yet  in  other  circumstances  the  spores  can  be  carried  across  the  world  in, 
for  instance,  horse-hair,  probably  without  undergoing  germination  till 
they  pass  into  an  animal’s  body. 

Modes  of  Entrance  of  Bacteria  into  the  Body. — It  is  important  to 
keep  such  considerations  in  mind  in  discussing  the  ways  in  which  bacteria 
gain  entrance  to  the  body.  In  the  healthy  animal  the  blood  and  tissues 
are  free  from  pathogenetic  bacteria.  Whether  all  bacteria  are  absent 
is  a much -disputed  point.  In  the  alimentaiy  tract  there  is  an  extensive 
bacterial  flora,  and  the  same,  though  to  a less  extent,  is  true  of  the  skin. 
The  pulmonaiy  alveoli  and  probably  the  smaller  bronchi  do  not  contain 
bacteria,  but  probably  these  are  usually  present  in  the  larger  air-passages. 
Most  of  the  bacteria  in  such  situations  are  non-pathogenetic,  cand  are 
putrefactive  organisms  living  on  organic  matter  either  derived  from 
the  host  or  from  extraneous  sources.  Often,  however,  pathogenetic 
bacteria  are  found  leading  a saprophytic  existence  on  the  surfaces  of  the 
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animal  liodj’.  In  the  intestinal  canal  of  man  there  are  great  numbers 
of  the  Biicillus  coU,  which  is  cai)able  of  originating  suppuration,  and  is 
often  fonnd  in  abscesses  in  connexion  with  the  abdominal  organs, 
more  piriicnlarl)'  those  of  the  genito-urinary  system.  Here  also  there 
freqnentlv  exists  the  Streptococcus  pyogenes,  one  of  the  most  common 
causes  of  inflammation  and  supiiuration ; in  the  mouth  and  on  the  skin 
another  pyogenetic  microbe,  the  Staphylococcus  pyogenes,  in  one  or  other 
of  its  varieties,  often  occurs.  In  the  mouth  there  is  also  often  the 
pneumococcus,  which  is  the  cause  of  acute  pneumonic  conditions,  and 
may  originate  other  inflammations  also.  ^^"hy  these  bacteria  jjass 
from  their  usual  harmless  existence  to  a pathogenetic  state  is  a question 
for  future  consideration.  When  a healthy  individual  comes  in  contact 
with  one  suffering  from  bacterial  disease,  the  opportunity  for  becoming 
the  host  of  pathogenetic  bacteria  of  less  universal  distribution  arises ; and 
while  not  suffering  from  disease  himself,  he  may  yet  be  the  carrier  of 
infection  to  others.  Formerly  this  factor  was  no  doubt  often  the  cause 
of  the  outbreaks  of  eiysipelas  in  hospital  wards. 

We  shall  now  consider  ho^v  bacteria  brought  to  the  body  gain  a footing 
in  or  upon  it.  A frequent  means  of  entrance  is  through  some  wound,  and 
it  is  possible  that  infection  may  occur  in  this  way  even  in  the  alimentary 
tract,  where  not  only  may  an  injury  be  caused  by  the  ingestion  of  hard 
material  in  the  food,  but  where  the  irritation  of  small  inspissated  particles, 
especially  if  long  in  contact  with  one  part,  may  originate  an  abrasion  ■, 
though  it  is  fair  to  say  that  post-mortem  evidence  of  such  an  occurrence 
is  not  very  frequently  obtained.  Sometimes  a morbid  condition  of  a 
surface  of  the  body,  due  to  non-microbic  causes,  may  enable  infection  to 
take  place.  A familiar  example  is  found  in  the  suppuration  which  may 
occur  in  glands  related  to  a part  of  the  bodjr  where  the  epithelial  catarrh 
found  in  eczema  has  denuded  the  cutis  vera  of  its  coverins;.  The  entrance 
of  bacteria  into  the  body  is  frequently  secondary  to  effects  produced  by 
them  on  the  cells  of  the  internal  or  external  surfaces  of  the  body.  In 
such  a ca.se  the  superficial  cells  may  die,  and  thus  lose  their  intimate 
connexions  with  each  other  and  with  the  underlying  tissues ; so  that 
bacteria  may  gain  access  to  the  subjacent  structures  by  direct  growth,  or, 
mechanically,  through  the  movements  to  Avhich  all  parts  of  the  body  are 
subject  during  ordinary  active  life.  A probable  example  of  this  is 
frequently  seen  in  the  skin  infection  which  takes  place  through  hair-, 
follicles  or  sebaceous  glands,  and  in  some  of  the  tonsillar  infections.  In 
this  case  the  tonsillar  crypts,  which  are  so  often  attacked,  present  little 
more  than  a single  layer  of  flattened  cells  covering  the  subjacent 
lymphoid  tissue.  The  local  activity  of  bacteria  in  such  a case  may 
include  not  only  the  death  of  superficial  cells,  but  also  the  oi'igination 
of  a proliferative  ctitarrhal  process.  The  consequent  denudation  is  no 
doubt  often  a factor  in  such  infections  as  those  which  are  seen  in  the 
lung.  Another  method  by  which  bacteria  may  gain  entrance  to  the 
body  is  by  being  taken  np  into  the  tissues  by  means  of  the  wandering 
cells  often  found  on  internal  surfaces,  csjjecially  those  of  the  lungs 
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(Stohr  (320),  Durham  (95)).  The  activity  of  these  cells  can  he  seen  in 
practically  every  lung,  in  which  the  fine  pigment  inhaled  as  smoke  is 
taken  up  and  finally  deposited  in  its  interlobular  spaces  and  lymphatic- 
glands.  It  is  unnecessary  here  to  go  into  the  question  of  the  origin 
of  these  cells ; suffice  it  to  say  that  they  can  be  frequently  seen  in  the 
lymphatics  carrying  the  pigment  in  their  protoplasm.  That  such  cells 
may  take  up  bacteria  attached  to  dust  particles  there  is  no  doubt,  and 
the  occurrence  may  explain  some  of  the  cases  where  a tuberculous  infec- 
tion of  the  l^ronchial  glands  occurs  without  any  apparent  source  of 
infection.  A similar  explanation  probably  accounts  for  certain  cases 
in  which  bacteria,  of  which  the  tubercle  bacillus  may  be  again  taken 
as  a type,  gain  entrance  through  the  walls  of  the  alimentaiy  canal. 

Conditions  in  the  Infecting  Agent  modifying  Pathogenetic  Action. 
— The  mere  introduction  of  pathogenetic  germs  into  the  animal  body  is 
not  in  itself  sufficient  under  all  conditions  to  cause  disease.  What  will 
happen  depends  on  many  factors  which  are  partly  connected  with  the 
infecting  bacterium,  partly  with  the  infected  organism.  From  the  side 
of  the  bacteria  the  following  are  the  most  important. 

(a)  Number  of  Bacteria  Introduced. — Some  organisms  Avill  produce 
disease  when  they  have  been  introduced  into  the  body  in  very  small 
numljers.  Others  are  virulent  onlj'^  when  received  in  large  numbers. 
Thus  guinea-pigs  succumb  to  the  smallest  injection  of  the  tetanus  bacillus, 
and  rabbits  generally  acquire  a fatal  septicremia  when  injected  with  a 
very  small  number  of  virulent  pneumococci.  On  the  other  hand,  a 
large  number  of  the  Bacillus  pyocyaneus  is  required  to  bring  al^out  a 
fatal  septicsemia  in  rodents,  or  of  pyogenetic  staphylococci  to  produce 
suppuration.  To  some  extent,  no  doubt,  these  laboratory  observations 
apply  also  to  natural  conditions,  especially  since  experiment  shews  that 
the  result  produced  often  varies  with  the  quantity  of  germs  introduced. 
Thus  a small  number  of  the  Bacillus  pyocyaneus  vdll  lead  to  a small 
local  abscess  only,  a larger  number  will  lead  to  local  necrosis,  and  a still 
larger  number  to  sejjticaemia  and  death.  If  we  exclude  the  rare  cases 
where  a single  bacterium  may  give  rise  to  a fatal  infection,  we  find 
generally  that  an  animal  can  dispose  of  a certain  number  of  an  organism 
to  which  it  is  susceptible  witliout  manifesting  signs  of  disease. 

The  bearing  of  these  observations  on  the  phenomena  of  natural  infec- 
tion is  obvious.  It  finds  practical  recognition  in  the  hygienic  principle 
that  in  many  infectious  diseases  the  greater  the  air-space  round  an  infected 
individual  the  less  the  risk  of  infection  to  persons  in  the  same  room.  No 
doubt  other  factors  besides  the  concentration  of  virus  contribute  to  this 
result,  but  such  concentration  must  be  taken  into  account. 

The  abundance  of  germs  leaving  the  aftected  individual  favours  in- 
direct contagion  by  causing  a wider  diffusion,  and  by  offering  more 
chances  of  ectanthropic  infection.  In  some  infective  diseases,  as  for 
instance  in  tetanus,  the  organisms  are  discharged  from  the  body  in  small 
numbers ; in  others  the  numbers  discharged  are  great,  especially  in 
diseases  which  afiect  the  excretory  passages,  or  organs  in  direct  or  easy 
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connmuiication  with  such  passages.  In  bacterial  intestinal  lesions, — for 
example,  in  enteric  fever  and  cholera — thousands  of  bacilli  or  viltrios 
must  pass  away  Avith  the  dejecta  : similarly  in  pulmonary  infections,  such 
as  tuberculosis,  pneumonia,  influenza,  the  sputa  swarm  Avith  lAacteria, 
and  minute  portions  of  expectoration  discharged  into  the  air  may  carry 
the  organisms  to  a considerable  distance.  From  extensive  ulcerating 
bacterial  skin  aflections — as,  for  example,  in  nodular  leprosy — myriads 
of  bacilli  may  be  discharged.  The  urine,  again,  may  contain  numerous 
organisms — as  in  gonorrhoea,  some  forms  of  puerperal  fever,  enteric 
fever,  and  genito-urinary  tuberculosis.  When  the  bacteria  are  relatively 
incapable  of  saprophytic  existence,  or  Atdien  from  the  nature  of  the 
disease  the  discharges  can  be  closely  guarded,  the  danger  of  increased 
diti'usion  is  so  far  limited.  Thus  the  urine  in  gonorrhoea  and  the  sputum 
in  acute  pneumonia  are  not  dangerous  sources  of  infection.  On  the  other 
hand,  consumptives  by  their  expectoration  contribute  largely  to  the 
AA-ide  diffusion  of  the  tubercle  bacillus ; from  the  chronic  nature  of  their 
disease  they  are  less  easily  controlled,  and  are  reckless  with  their  expec- 
toration, though  AAUthin  recent  years  great  improvement  has  taken  place 
in  this  respect.  It  aauII  thus  be  seen  that  the  risk  of  infection  due  to 
mere  numbers  of  bacteria  A^aries  greatljr  in  different  diseases. 

(J)  Virulence. — As  the  shape  and  forms  of  bacteria  may  A^ary  or 
may  be  altered  by  changes  in  their  surroundings,  so  likeAvise  may  their 
physiological,  chemical,  or  A-ital  activity  be  greatly  modified — often  to 
such  an  extent  that  in  many  cases  we  seem  to  come  A'^ery  near  neAv 
species.  Among  pathogenetic  bacteria  loss  of  virulence  is  not  only  the 
most  important  change,  but  also  that  most  frequently  observed.  Thus  the 
pneumococcus,  if  continuously  groAvn  on  ordinary  media,  A^ery  soon  ceases 
to  be  virulent,  and  this  loss  of  virulence  is  permanent;  similarly  the 
diphtheria  bacillus  on  agar-agar  may  become  less  virulent.  This  loss  of 
Aurulence  is  called  attenuation,  and  besides  prolonged  cultiA^ation  in  or  on 
artificial  media,  it  may  be  brought  about  in  many  Avays,  as  by  heat, 
evaporation,  drying,  or  the  addition  of  chemical  substances  to  the 
culture  media  : these  methods,  hoAveAmr,  require  no  fui’ther  consideration. 
Attenuation  may  be  temporary  or  it  may  be  permanent,  as  in  the  case 
of  anthrax,  where  the  lo.ss  of  Aurulence  may  be,  moreoA'er,  accomp,anied 
by  loss  of  spore -formation.  It  is  often  found  also  that  an  organism 
obtained  from  a bacterial  lesion  of  severe  or  malignant  type  soon  loses  its 
virulence,  or  is  from  the  outset  less  Aurulent  than  an  organism  separated 
from  a less  severe  case  of  the  .same  lesion.  The  streptococci  are  in  this 
respect,  perhaps,  the  most  A'ariable  of  all  germs.  This  varial)ilit3''  in 
virulence  cannot  be  .satisfactorily  explained  at  present;  but  it  must 
nece.ssarily  lead  us  to  be  cautious  in  our  attempts  to  interpret  vital 
phenomena  by  means  of  test-tube  reactions  only. 

I he  virulence  of  many  organisms  may  also  l)e  perni;inentl\’'  or 
ternjxjrarily  incrca.sed,  either  by  changing  the  composition  of  the 
nutrient  media  in  or  on  Avhich  they  groAv,  or — es])cciall\'  if  tlio  animals 
be  relatively  insusceptible — by  j)assiiur  the  organisms  tlii'ough  a sci’ios 
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of  anirticals  (a  process  which  is  called  “passage”).  In  some  cases,  how- 
ever, continued  passage  will  lead  to  permanent  attenuation — an  important 
observation  in  so  far  as  it  helps  to  throw  light  on  the  natural  decline  of 
many  epidemics,  which  may  cease  by  virtue  of  a gi-adual  attenuation 
brought  about  by  continuous  transmission  from  man  to  man.  Sometimes 
when  by  passage  the  virulence  of  an  organism  is  increased  for  one  species 
of  animal  it  is  diminished  for  another.  Thus,  when  anthrax  is  passed 
through  a series  of  guinea-pigs,  it  becomes  more  virulent  for  the  guinea- 
jng  and  less  virulent  for  the  ox. 

]\Iost  writers  assume  the  existence  of  natural  non-virulent  varieties  in 
the  cases  of  the  organisms  of  cholera,  typhoid,  diphtheria,  pneumonia, 
and  traumatic  infections.  Thus  the  pneumococcus  has  been  found  for 
long  periods  inhabiting  the  mouths  of  apparently  healthy  individuals. 
Under  special  conditions — unknown  to  us — such  harmless  varieties  may 
acquire  virulence  either  before  or  on  gaining  access  to  the  body,  and  will 
then  be  capable  of  producing  the  lesion  proper  to  each.  This  is  possible, 
if  not  probable  : it  is  safer,  however,  to  suspend  our  judgment  for  the 
present. 

(c)  The  path  of  infection  is  of  some  importance  in  modifying  the 
course  of  infection.  In  experimeiital  work  the  same  number  of  bacteria 
will,  generally  speaking,  cause  a greater  effect  if  introduced  into  the 
animal  body  either  intravenously  or  intra-peritoneally  than  if  injected 
subcutaneously.  Thus,  when  some  of  the  pyogenetic  organisms  are  intro- 
duced under  tlie  skin,  a local  abscess  onl}^  results,  while  if  they  be  injected 
intravenously  rapid  death  with  widespread  distribution  of  the  bacteria  all 
over  the  body  may  ensue.  In  certain  cases,  however,  when  intravenous 
injection  is  practised  the  , bacteria  are  met  in  the  blood  by  conditions 
fatal  to  their  vitality  in  a way  that  does  not  happen  when  they  are 
lodged  under  the  skin.  Facts  similar  to  those  derived  from  animal 
experiment  occur  in  natural  infection  in  man.  Here  the  susceptibility 
to  bacterial  infection  of  such  tissues  as  the  peritoneal  membrane  and  the 
synovia  of  joints,  as  compared  with  the  subcutaneous  tissues,  is  well 
known  to  the  surgeon. 

{(I)  The  interaction  of  various  organisms  probably  is  occasionally  of 
importance.  In  many  infective  processes  we  often  fijid  two  or  more 
organisms  present,  that  is,  we  have  concurrent  infections  by  several 
organisms.  Thus  in  many  abscesses  the  Staphylococcus  pyogenes  and 
the  Streptococcus  piy^genes  are  both  present.  The  result  may  be  a 
summation  of  effect  or  a preparation  by  one  organism  for  the  growth 
of  another.  It  has  been  shown  experimentally  that  a non-pathogenetic 
organism  (that  is,  an  organism  which  does  not  possess  the  power  of  pro- 
ducing specific  or  non-specific  morbid  changes  when  placed  in  the  tissues) 
may  be  rendered  deadly  v’^hen  another  organism  is  introduced  at  the 
same  time.  We  also  know  that  the  vinilence  of  many  pathogenetic 
organisms  is  often  increased  or  deci’eased  by  the  concurrent  inoculation 
of  another  organi.sm,  which  again  may  be  non-pathogenetic ; thus  it  was 
shown  by  Sanarelli  (303)  that  the  injection  of  dead  cultures  of  B.  coli 
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increased  the  pathogenetic  eft'cct  of  the  B.  typhosus,  and  Yaillard  (333) 
has  shown  that  the  pathogenicity  of  the  tetanus  bacillus  is  much  increased 
if  the  Staphylococcus  pyogenes  aureus  be  also  present.  This  interaction 
of  micro-organisms  has  not  as  yet  been  sufficiently  investigated,  and  here 
this  brief  allusion  must  suffice;  it  has  been  studied  by  Dr.  Klein  (156), 
to  whose  paper  the  reader  is  referred.  In  this  connexion  an  important 
point  is  that  if  in  certain  lesions  the  same  collection  of  organisms  be 
constantly  found,  we  may  be  led  astray  if  we  fix  on  one  of  them  as 
specific,  and  neglect  the  others  as  contaminations.  A study  of  the 
correlation  and  interaction  between  the  -\'arious  organisms  frequently  or 
almost  invariably  found  together,  may  in  future  explain  many  clinical 
phenomena  and  observations  as  yet  obscure. 

Conditions  in  the  infected  Animal  modifying  Pathogenetic  Action. 
— Susceptibility  to  a disease  is  often  denominated  predisposition ; it 
may  be  either  natural  or  acquired.  A natural  predisposition  may  be 
either  a property  of  a species,  which  as  such  is  transmitted  from  parent 
to  offspring  (racial  predisjjosition) ; or  it  may  be  an  accidental  character 
of  one  or  more  individuals  of  a species  (individual  predisposition),  not 
necessarily  transmitted  to  the  oflspring.  Thus  guinea-jjigs  are  naturally 
extremely  susceptible  to  tuberculosis ; man  to  syphilis  and  diphtheria. 
On  the  other  hand,  man  is  insusceptible  to  foot-and-mouth  disease,  the 
common  foAvl  to  natural  infection  with  tetanus.  In  many  cases  resistance 
is  relative  and  partial  only,  as,  for  example,  in  the  case  of  man’s  resist- 
ance against  tuberculosis,  leprosy,  anthrax,  or  cholera.  We  must  thus 
assume  that  sometimes  predisposition  is  entirely  or  partly  absent.  The 
cause  of  individual  predisposition  we  do  not  understand. 

Predisposition  probably  depends  on  various  factors,  among  which  the 
most  important  Tnay  be — (1)  intrinsic  cell  jn-operties ; and  (2)  extrinsic 
conditions  reacting  harmfully  on  the  body  and  its  tissue -processes. 
Y ithin  certain  limits  an  organism  has  special  cellular  mechanisms  which 
may  ward  off  an  infection.  Thus  the  acidity  of  the  gastric  juice,  and  a 
proper  supply  of  it,  may  prove  too  strong  for  the  cholera  vibrio ; the 
ciliated  epithelium,  the  sensitiveness  of  the  bronchial  mucous  membrane 
and  the  germicidal  action  of  the  mucus  may  protect  the  respiratory  organs 
against  an  invasion  l>y  tubercle  bacilli.  Again,  wo  know  from  Luffier’s 
experiments  that  the  age  and  nature  of  the  epithelial  lining  are  condi- 
tions of  great  importance  in  the  case  of  diphtheria : the  vaginal  mucous 
membrane  of  young  animals  is  easily  atbvcked,  but  that  of  old  animals  is 
very  resistant.  Orth  and  AVyssokowitsch  have  shown  that  traumatic 
le.sions  at  a seat  of  infection  will  cause  a local  predisposition  to  certain 
infective  processes.  These  investigators  produced  a well-marked  malignant 
endocarditis  by  first  causing  a slight  injury  to  the  cardiac  valves,  and  then 
injecting  a culture  of  staphylococci  : when  the  valves  were  intact  endo- 
carditis did  not  result.  In  natural  infections  in  man  wo  have  an  example 
of  the  origination  of  such  personal  dispositions  in  the  occurrence  of 
failmonary  tuberculosis  in  miners  exposed  to  the  inhalation  of  granite 
dn.st  (set'  llaldane,  Martin,  and  ’I’homas  (143)). 
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1.  Acquired  Predisposition. — Various  means  exist  by  which  a re- 
fractory or  resistant  animal  can  be  rendered  susceptible.  We  may 
reduce  the  natural  resistance  of  an  animal  against  a microbe  either  bv 
general  or  special  interferences,  and  thus  establish  an  acquired  disposition. 
The  former  are  of  more  interest  to  us,  as  they  prove  how  much  good  can 
be  effected  by  sanitary  surroundings  in  the  prevention  of  disease. 

General  Interferences. — 1.  Canalis  and  Morpurgo  (67)  have  shewn  that 
by  means  of  starvaiion  we  can  render  pigeons,  Avhich  are  naturally  resistant 
against  anthrax,  extremely  susceptible  to  this  infection.  They  succumb, 
either  if  we  allow  them  to  starve  immediately  after  the  inoculation,  or 
starve  them  six  days  previously  and  then  inoculate  them,  at  the  same 
time  continuing  the  process  of  starvation.  But  if  we  feed  them  regularly 
immediately  after  inoculation,  then,  in  spite  of  having  previously  been 
starved  for  six  days,  they  will  survive. 

Similarly  hens,  naturally  immune,  become  susceptible  to  an  anthrax 
infection  through  starvation  ; rats,  on  the  other  hand,  do  not  lose  their 
natural  immunity  in  this  manner.  Sacchi  (296),  by  means  of  starvation, 
succeeded  in  rendering  a local  anthrax  infection  in  pigeons  a general 
infection.  Bernice  and  Alessi  (268)  proved  that  dogs,  hens,  pigeons, 
and  frogs  can  be  rendered  susceptible  to  anthrax  by  depriving  them  of 
water. 

2.  Again,  fatigue  and  loss  of  Mood  are  capable  of  removing  the  natural 
immunity  of  animals.  Thus  Charrin  and  Eoger  (71,  290)  have  shewn 
that  the  normal  white  rat,  which,  as  is  well  known,  is  very  insusceptible 
to  anthrax,  becomes  susceptible  to  this  disease  in  a marked  degree  if  it 
be  made  to  work  a treadmill  in  a cage  until  it  is  thoroughly  fatigued. 
Rodet  and  others  have  established  an  acquired  disposition  by  inducing  a 
general  anaemia  by  artificial  loss  of  blood. 

3.  A71  unsuitable  diet,  as  Dr.  Hankin  has  shewn,  may  remove  the 
resistance  of  the  body  against  anthrax.  Thus  refi’actory  rats,  fed  on 
sour  milk  and  bread,  lose  their  insusceptibilit}'^ ; a pure  meat  diet 
enhances  it.  Hans  Leo  (182)  administered  jshloridzin  in  small  doses 
with  the  food  for  some  days  previous  to  inoculation,  with  the  result  that 
sugar  shewed  itself  in  the  tissues  of  the  animal  under  experiment : this 
animal  now  became  highly  susceptible  to  a glanders  infection,  which  in 
its  normal  condition  it  was  able  to  resist.  The  same  treatment,  however, 
did  not  increase  the  susceptibility  of  rats  to  anthrax  and  tuberculosis. 

4.  Exposure  to  heat,  cold,  and  moisture  has  been  investigated  by 
Pasteur,  Petruschky,  Fermi  and  Salsano  ( 1 1 9a),  and  others.  Thus  on 
immersing  a hen  in  water  it  loses  its  resistance  to  anthrax,  and  the 
same  occurs  on  reducing  its  temperature  by  the  administration  of  anti- 
pyrin. Frogs,  if  kept  at  a temperature  of  25°-35°  C.,  will  succumb  to 
anthrax.  Guinea-pigs  and  white  mice,  which  are  resistant  to  avian 
tuberculosis,  can  be  rendered  susceptible  by  keeping  them  after  inocula- 
tion in  a warm  chamber  at  33°-35°  C. 

We  .see,  then,  that  it  is  easy  by  such  general  means  as  starvation, 
fatigue,  exposure,  and  bad  diet  to  reduce  the  insusceptibility  of  certain 
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aninmls  to  infective  diseases.  Xow,  if  in  a cominunit}'^  of  which  the 
normal  individuals  are  insusceptible,  a certain  number  of  these,  through 
one  or  other  of  the  above  causes,  becomes  susceptible,  then,  for  these 
modified  persons,  the  disease  may  be  extremely  contagious,  though  non- 
contagious  for  the  community  as  a group.  In  such  a case  Ave  must 
inquire  by  what  processes  a disease  has  become  contagious  for  a certain 
community,  and  while  preventing  by  disinfection  and  other  appropriate 
measures  a further  distribution  of  the  contagium,  Ave  must  so  improve  the 
social  and  personal  h3^giene  as  to  undo  the  tendency  to  modification. 

A consideration  of  tuberculosis  from  this  point  of  AueAv  will  make 
our  meaning  clearer.  AVe  cannot  hope  to  destroy  the  contagmm  uvum, 
it  is  too  widely  distributed ; nor  can  Ave  destroy  the  affected  indiAuduals 
— such  a process  would  be  unavailing,  eA*en  if  free  from  other  objec- 
tions. How,  then,  can  Ave  prevent  the  spread  of  the  disease  1 If,  as  it 
seems,  the  disposition  to  it  be  due  to  any  or  all  of  the  aboA’^e  causes,  let 
these  be  remoA’ed.  Now  Ave  knoAv  that  a healthy  man  is  relatively 
immune  to  tuberculosis ; we  know  also  that  bad  hygiene,  exposure,  and 
the  like,  may  render  him  susceptible  to  it ; the  I'ational  preA^entive 
measure,  therefore,  is  to  counteract  the  causes  of  this  acquired  suscepti- 
bility, while  at  the  same  time  Ave  order  all  consumiDtives  to  destroy  their 
.sputum.  AVhether  the  effects  of  such  measures  might  not  be  advanced 
by  a compulsory  segregation  of  patients,  at  any  rate  of  those  in  the  last 
stages  of  disease,  is  a question  for  serious  consideration.  That  improved 
personal  hygiene  and  public  sanitation  and  a higher  standard  of  life 
materially  diminish  the  death-rate  from  consumption  is  already  ascer- 
tained ; the  vital  statistics  of  England  clearly  demonstrate  that  sanitary 
legislation  has  coincided  Avith  a considerable  diminution  of  the  number 
of  deaths  from  pulmonary  tuberculosis  (vide  Vol.  I.  p.  49). 

Such  considerations  Avill  serve  to  explain  the  meaning  and  nature  of 
endemiciitj,  or  the  state,  both  of  the  indiAuduals  liAung  in  a district,  and  of 
the  medium  in  AA’hich  they  live,  which  favours  a certain  infective  disease. 
Undoubtedly  cholera  is  a disease  for  Avhich,  if  it  appears  sporadically,  a 
special  indiA'idual  bent  is  required ; and  if  it  appears  in  epidemics,  there 
must  be  the  local  predisposition  in  addition.  Noav  in  certain  parts  of 
India,  as,  for  example,  LoAver  Bengal  and  Assam,  cholera  is  always 
present  or  “ endemic.”  Such  endemic  areas  are,  for  the  most  part,  OA*er- 
fxjpulated,  poor,  or  extremely  unhealthy.  These  and  similar  factors 
may'  reduce  the  re.sistance  of  the  population,  and  render  the  existence 
of  the  evil  a necessary  consequence. 

AA  e should  remember,  hoAvever,  that,  in  contradistinction  to  indi- 
vidual di.sposition  Avhich  applies  to  certain  indiA'iduals  of  a species,  there 
is  also  a racud  disposition  Avhich  applies  to  all  members  of  a species. 
Negroes  are  seldom  affected  by  yellow  fever,  and  the  .same  is  true  of  the 
mulatto.  There  are  numerous  examples  of  such  ])heJiomena  in  the 
laboratory.  Thu.s,  of  dogs  Avhich  are  I'clatively'  resistjint  to  anthrax, 
black  dogs  are  less  so  than  Avhitc  ones.  Black  and  grey  rats  are  less 
su3ccj»tibie  to  anthrax  than  white  rats.  Field-mice,  .again,  are  e.xtremelv 
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susceptible  to  mammcalian  tuberculosis,  while  white  mice  are  practically 
immune. 

Again,  arje  is  a disposing  factor,  for  young  individuals  acquire  certain 
affections — for  example,  enteric  fever — more  easily  than  adults ; this  rule 
also  is  amply  borne  out  by  animal  experiments.  Oemler  (263)  has  shewn 
that  young  pigeons  are  much  less  refractory  to  anthrax  than  old  ones. 
On  the  other  hand,  among  mammals,  sucklings  appear  to  be  less  liable  to 
some  infective  fevers,  such  as  measles  and  scarlet  fever,  than  to  others. 

Special  Interferences. — 1.  It  was  once  thought  by  Tizzoni  and  Cattani 
(325)  that  it  is  impossible  to  render  rabbits  immune  to  tetanus  after 
the  removal  of  their  spleens,  and  that  the  removal  of  the  spleen  Avill  destro}' 
the  natural  immunity  of  dogs  to  tetanus  and  anthrax.  That,  however, 
the  acquired  disposition  does  not  in  all  cases  depend  on  the  removal  of 
the  spleen  is  shewn  by  the  experiments  of  Fo^i  and  Scabia  (125)  and 
others,  who  Avorked  with  the  diplococcus  of  pneumonia  and  the  B.  pyo- 
cijaneus,  and  proved  that,  for  these  infections  at  least  and  the  immunity 
towards  them,  the  spleen  is  of  no  importance ; for  if  we  allow  the  animal 
to  recover  its  weight  and  strength  completely,  its  immunity  will  persist. 
The  temporary  loss  of  resistance  is  probably  e.xplained  by  other  organs 
of  the  haemolymph  system  taking  on  vicariously  the  functions  of  the 
spleen.  According  to  Canalis  and  Morpurgo  (67),  pigeons  are  rendered 
less  resistant  to  anthrax  by  removal  of  the  pancreas.  This  operation  also 
predisposes  animals  to  septic  infections  ■,  and,  according  to  Sawtschenko, 
the  same  happens  after  section  of  the  spinal  cord  in  pigeons.  Eoger 
(291)  has  brought  forward  evidence  to  shew  that  the  removal  of  the 
great  omentum  lowers  the  resistance  of  animals  to  pyogenetic  infection. 

2.  Again,  there  are  many  experiments  to  prove  that  bacteria,  absol- 
utely or  relatively  harmless  to  animals  when  injected  in  pure  cultures  b}' 
themselves,  become  intensely  virulent  when  at  the  same  time  we  inject  certain 
chemical  bodies  at  the  seat  of  lesion.  Thus  Vaillard  and  Rouget  (333) 
have  shewn  that  in  animals  immune  to  tetanus  a characteristic  infection 
can  be  brought  about  by  injecting  lactic  acid  or  trimethylamine  until  the 
tetanus  bacillus.  Bujwid  (55)  found,  on  antecedent  injection  of  sugar 
solution  into  the  subcutaneous  tissue  of  animals,  that  an  inoculation  of 
the  Staphylococcus  pyogenes  aureus  was  in  most  instances  followed  In- 
marked  suppuration, — a result  not  easily  achieved  by  means  of  the 
sta])hylococcus  in  the  absence  of  previous  sugar  injection.  Lastly, 
hypodermic  injections  of  dextrose  and  lactic  acid  will  render  guinea-pigs 
and  white  mice  susceptilile  to  avian  tuberculosis,  and  white  mice  also 
to  mammalian  tuberculosis.  This  was  shewn  by  Fermi  luid  Salsano 
(119tt),  and  it  is  important  to  note  that  avian  tubercle  bacilli,  repeatedl}' 
inoculated  into  guinea-pigs,  rendered  susceptible  by  such  injections, 
liecorae  virulent  for  normal  guinea-pigs.  Here  we  may  also  mention 
Drs.  Klein  and  Coxwell’s  (157)  e.xperiments,  which  shew  that  in  fiogs 
and  rats  the  natural  immunity  to  anthrax  may  be  destroyed  by  means 
of  a chloroform-ether  narcosis. 

3 Then,  again,  the  metabolic  ymducts  of  certain,  it  may  be  harmless,  _ 
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mkro-argunisms  are  often  cajHible  of  rendering  a non  -jwthogenetic  germ 
jki.thogenetic.  We  have  already  referred  to  this  point.  Examples  are 
mentioned  by  Koger  (290),  who  has  shewn  that  ral^bits  will  succumb  to 
quarter-evil  if,  simultaneously  with  the  bacilli,  the  chemical  products  of 
the  Uacillus  j)rodigmus,  Proteus  vulgaris,  or  staphylococcus  be  adminis- 
tered. Dr.  Klein  (15(5)  and  others  have  given  further  proof  of  this. 
Other  allied  bodies — vegetable  ferments,  for  instance — have  the  same 
eftect. 

Very  little  progress  has  been  made  within  recent  years  in  the  further 
elucidation  of  the  conditions  modifying  disposition  (cf.  Lubarsch  (190)). 
We  cannot  as  yet  formulate  any  hypothesis  as  to  the  mechanism  by  which 
an  increased  disposition  to  disease  ojjerates.  We  shall,  however,  revert 
to  this  point  later. 

II.  Hereditary  Predisposition. — Like  other  characteristics  a tendency 
to  disease  can  be  transmitted  from  parent  to  offspring.  The  part  iDla3'ed 
by  inherited  tendenc}’’  as  compared  with  the  part  played  by  actual  trans- 
mission of  the  infective  agent  from  parent  to  child  has  given  rise  to 
discussion.  Thus,  tuberculosis  is  a disease  of  extra -uterine  life,  but 
undoubtedly  cases  of  congenital  tuberculosis  do  occur,  as  shewn  by 
Merkel,  Landouzy,  Eindfleisch,  Birch-Hirschfeld,  and  others ; and  much 
more  frequently  than  congenital  tuberculosis  do  we  find  tuberculosis 
in  infants  and  children  during  the  first  months  or  years  of  life,  as 
shewn  by  Queyrat,  Landouzy,  Miiller,  and  others.  It  is  almost 
universally  believed  that  the  undisputed  hereditary  succession  of 
tuberculous  processes  depends,  not  on  a direct  transmission  of  the 
elements  of  the  disease  from  parent  to  offspring,  but  on  an  hereditaiy 
transmission  of  a proclivity.  Baumgarten  (15),  however,  believed  that 
the  heredity  of  pulmonary  tuberculosis  depends  on  an  intra-uterine  or 
congenital  infection  of  the  foetus  Avith  tubercle  bacilli  from  the  mother, 
and  he  supports  these  vieAvs  A\nth  the  following  arguments.  Besides  the 
existence  of  congenital  tuberculosis,  Birch-Hirschfeld  and  others  have 
demonstrated  that  in  man,  as  Avell  as  in  animals,  tuberculous  infection 
through  the  placental  circulation  is  not  only  possible  but  does  actuall,v 
occur.  ObserA'ations  and  experiments  on  animals  sheAv : {a)  that  con- 
genial tuberculosis  in  the  larger  susceptible  mammals  is  not  very  rare 
(Johne) ; (h)  that  of  the  offspring  of  tuberculous  guinea-pigs  tAventy-five 
per  cent  are  born  Anth  congenital  tuberculosis  (de  Benzi) ; (c)  that  intra- 
uterine tuberculous  infection  is  possible  in  rabbits  and  mice  (Giirtner 
(131));  (d)  that  chickens  hatched  from  eggs  inoculated  Avith  tubercle 
bacilli  manifest  tuberculosis,  and  the  eggs  of  canaries  inoculated  intra- 
alxlorninally  Avith  tubercle  bacilli  are  frequently  infected  (Maff'ucci  (201), 
Baumgarten  anrl  Giirtner).  Fi-om  analogy,  therefore,  Baumgarten  assumed 
that  in  man  also  the  tubercle  bacilli  are  transmitted  congenitallj’’  in  iitero, 
and  that  if  the  di.sea.se  be  not  apparent  at  the  time  of  l)irth  the  bacilli 
remain  dormant  in  the  ti.ssues  (of  the  liver,  for  instance),  causing  at  Hrst 
only  small,  obscure  foci,  and  being  for  some  time  impaired  in  their  de- 
velo[iment.  I’ossibly  tubercle  bacilli  may  thus  be  stored  up  in  the  tissues 
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of  the  foetus.  But  how  is  it  that  such  offspring  often,  or  indeed  generally, 
do  not  manifest  the  disease  proper  until  years  afterwards  1 The  answer 
must  be  because  their  tissues  are  sufficiently  resistant  to  keep  the  activity 
of  the  bacilli  in  abeyance,  or  in  some  cases  sufficiently  strong  even  to 
destroy  them  altogether.  But  if  later  they  lose  this  resistance,  the 
bacilli  are  then  jdaced  in  the  conditions  required  for  successful  activity. 
We  are  thus  led  again  to  assume  a proclivity  in  the  cases  under  discus- 
sion. And  is  it  not  possible  that  the  appearance  of  this  proclivity  is 
favoured  by  certain  tendencies  transmitted  by  inheritance  1 Hereditary 
peculiarities  are  often  limited  to  a definite  period  or  age ; and  we  find 
that  in  the  offspring  the  disease  often  shews  itself  at  about  the  same 
age  as  it  did  in  the  parent — a point  of  importance  in  a philosophical 
consideration  of  hereditary  transmission. 

Animal  experiments  cannot  prove  much  in  investigations  of  this 
nature,  for  in  questions  of  hereditary  transmission  we  must  consider 
each  species  by  itself.  Guinea-pigs,  rabbits,  mice,  and  hens — the  animals 
generally  employed — are  naturally  highly  susceptible  to  tuberculosis, 
and  hence  the  predisposition  is  an  inherent  property  of  the  parent,  and 
therefore  also  of  the  ovum  or  embryo.  As  the  tissues  of  the  normal 
parent  offer  no  resistance,  we  cannot  possibly  expect  those  of  the 
offspring  to  do  so.  Animal  experiments  do,  however,  make  it  certain 
that  by  no  means  all  the  offspring  of  tuberculous  animals  harbour  latent 
bacilli  in  their  tissues,  and  we  have  no  right  to  assume  that  such  a con- 
dition of  things  commonly  exists  in  man.  For  the  present  we  must 
assume  that  in  most  cases  the  offs2U’ing  of  tuberculous  23arents  inherit 
only  the  23roclivity,  and  subsequently  become  infected  from  Avithout. 
Hence  the  so  - called  “ heredity  ” of  pulmonary  tuberculosis  finds  its 
e.x2)lanation  in  the  following  possibilities;  — (1)  Congenital  infection, 
either  germinal  from  the  male  (of  this  there  is  no  evidence),  or 
placental,  followed  by  immediate  results ; (2)  Congenital  infection  Avith 
irdierited  disposition,  folloAved,  after  a 23eriod  of  latency,  by  recrudescence 
at  a subsequent  date ; (3)  Inherited  disposition  Avith  infection  at  a later 
date.  Noav  since  in  the  case  of  tuberculosis  Ave  find  some  of  the 
characteristic  features  of  heredity — for  instance  that  atavism  is  not  un- 
common, and  that  the  hereditary  tendency  is  often  limited  to  one  sex 
and  to  a definite  age — and  since  it  requires  great  faith  to  beheA^e  in  a 
bacterial  sleep  lasting  through  many  years  as  a com2Jlete  explanation,  Ave 
must  incline  to  Virchow’s  doctrine  of  the  existence  and  influence  of  an 
inherited  2)redisposition  to  tuberculosis,  even  though  our  modern  con- 
ception of  predisposition  differs  from  his. 

The  inherited  disposition  may  be  either  specific  or  non-S2Jecific.  The 
parental  disposition  may  have  been  due  to  many  agents  and  factors ; and 
it  is  possible  that  some  of  these,  although  not  of  the  same  nature  as  the 
resulting  tuberculosis,  haA'e  been  the  cause  of  the  congenital  bent  trans- 
mitted to  the  offs23ring.  This  evidently  eould  not  be  an  inherited  S23ecific 
predisposition  ; that  is,  it  is  quite  possilfie  that  a non-tuberculous  con- 
dition of  a parent  may  lead  in  a child  to  an  inherited  2>redis230sition 
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favourable  to  the  development  of  tuberculosis.  A predisposition  can  only 
be  specifically  inherited  in  cases  in  which  the  child  was  born  of  tuberculous 
parents  or  ancestors.  A child  born  of  a parent  who  becomes  phthisical 
some  years  after  its  birth  cannot  with  certainty  be  supposed  to  have 
inherited  a specific  tuberculous  procli^'ity.  The  eventual  acquirement  of 
the  disease  by  the  parent  cannot  make  the  inherited  proclivity  any  more 
specific ; it  can  prove  only  that  certain  conditions  and  abnormalities  of 
the  jjarent  which  eventually  favoured  tuberculosis  have  been  transmitted 
to  the  ofl'spring. 

Although  tubercle  and  also  leprosy  bacilli  have  been  found  occasion- 
ally in  the  testes  and  ovaries,  and  even  in  the  seminal  fluid  of  diseased 
individuals,  there  is  no  evidence  whatever  that  germinal  infection  ever 
does  occur : in  fact  Gartner  has  shewn  that  in  animals,  even  if  numerous 
tubercle  bacilli  are  contained  in  the  seminal  fluid,  it  is  the  mother 
which  is  first  infected,  and  not  the  ovum  or  embryo.  The  like  is  true 
of  all  infective  diseases  with  the  bacteriology  of  which  we  are  acquainted  ■, 
and  for  such  of  them  as  appear  congenitally,  infection  must  practicall}' 
always  take  place  through  the  placental  circulation.  This  is  exactly 
what  occurs  in  animals  in  which  it  can  be  demonstrated  more  readily. 
Placental  infection  in  animals  has  been  conclusively  shewn  to  occur  in 
congenital  anthrax,  chicken-cholera,  suppurative  lesions,  and  tuberculosis  : 
in  man  it  is  found  in  pneumococcus  and  suppurative  infections,  in 
typhoid  fever,  anthrax,  relapsing  fever,  and  tuberculosis ; and  is  assumed 
to  exist  in  measles,  scarlatina,  and  small-pox,  diseases  the  etiology  of 
which  is  still  obscure.  Where  placental  infection  occurs,  the  micro- 
organisms are  taken  up  chiefly  by  the  foetal  liver ; there,  according 
to  Maffucci,  a keen  struggle  for  supremacy  occurs,  the  embryonic 
gland  as  much  as  the  adult  one  being  possessed  of  marked  defensive 
capacit}'.  If  the  bacteria  prove  A’ictorious,  then  the  foetus  may  present 
the  characteristic  lesions  produced  by  the  infection — as,  for  instance, 
in  many  cases  of  tuberculosis,  septicaemia,  or  pyaemia ; or  it  may 
present  them  in  a modified  form,  which  after  birth  may  assume  the 
ordinary  appearance,  the  embryo  being,  as  already  ex2)lained,  aj^jjarently 
endowed  in  these  cases  vuth  a more  or  less  marked  resistance.  For 
instance,  although  anthrax  bacilli,  typhoid  bacilli,  and  jDneumococci  may 
pass  through  the  placental  circulation,  yet,  as  Prof.  Welch  says,  “ no 
insUince  has  been  observed  in  the  fetus  of  fully  developed  anthrax,  of 
croupous  pneumonia,  or  of  intestinal  lesions  by  the  tyj)hoid  bacillus, 
although  in  .several  recorded  instances  these  bacteria  have  unquestionably 
invaded  the  fetus  from  the  mother.  The  characteristic  lesions  have, 
however,  been  found  so  soon  after  birth  as  to  indicate  jjositively  con- 
genital infection.”  It  is  still  a debated  j)oint  whether  the  healthy 
placenta  will  allow  pathogenetic  organisms  to  i)a.ss  into  the  fa*tal  circula- 
tion ; some  writers  a.ssuine  that  a lesion,  such  as  a ha-’inorrhago  for 
instance,  is  neces.sary.  It  seems,  however,  that  the  factor  is  rather  one 
of  the  time  or  duration  of  infection  ami  of  the  virulence  of  the  patho- 
genetic organisms.  The  lesson  which  we  derive  from  these  various 
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experiments  and  observations  on  the  foetal  infections  is  one  of  caution  in 
the  use  of  the  term  heredity  in  respect  of  infective  diseases;  a strict 
terminology  is,  if  possible,  tire  more  necessary  nou'  that  Weissmann’s 
hypotheses  have  so  gi-eat  an  ascendency. 

A.  A.  Kanthack,  1896. 

James  Eitchie,  1906. 


II.  Changes  produced  by  Bacteria  in  the  Animal  Body 
A.  Tissue  Changes 

We  now  turn  to  consider  in  a general  way  the  tissue-changes  which 
can  be  observed  in  connexion  with  infective  disease.  These  may  be 
local  or  general,  or  local  and  general,  according  to  the  kind  of  bacterial 
action  with  which  we  are  dealing.  To  look  first  of  all  at  the  local 
manifestations. 

These  may  be  grouped  under  two  headings,  first,  degenerative  changes 
which  may  or  may  not  end  in  death ; secondly,  reactive  changes  the 
feature  of  which  is  an  exhiliition  of  cellular  activity. 

Local  Changes — (a)  Degenerative  and  Necrotic. — These  to  a certain 
extent  vary  with  the  tissue  attacked,  but  include  practically  all  the 
known  forms  of  cellular  degeneration.  In  the  case  of  connective  tissues, 
the  cells  may  sometimes  die  Avithout  any  great  change  in  their 
form  or  in  the  form  of  the  nucleus,  and  such  cells  in  a section  can 
freriuently  be  recognised  as  dead  simply  because  the  nucleus  has  lost 
its  capacity  of  reacting  to  basophilic  stains  and  has  become  oxyphilic, 
Avhile  the  protoplasm  has  become  granular.  Changes  of  this  kind  Avere 
supposed  by  Weigert  to  be  of  the  nature  of  an  intracellular  coagulation, 
and  Avere  termed  a “ coagulation -necrosis.”  Sometimes  this  cellular 

change  may  be  accompanied  by  a coagulation  of  the  albuminous  fluids 
present  around  the  cells  of  the  part,  either  naturally  or  as  the  result  of  a 
process  of  exudation.  In  such  cases  it  is  probal)le  that  the  death  of  the 
cell  has  been  rapid,  and  has  not  been  preceded  by  an}'’  prolonged  period  of 
interruiition  of  the  cellular  metabolism.  Sometimes  there  is  evidence  of 
some  such  period  during  Avhich  the  changes  in  metabolism  have  had  time 
to  have  a more  pronounced  effect  on  structure.  This  may  be  evidenced 
in  various  AA'ays.  The  nucleus  of  a cell,  for  instance,  may  lie  broken  up 
into  fragments  in  the  cellular  protoplasm — the  condition  to  Avhich  the 
term  “ karyorrhexis  ” is  applied — or  the  protoplasm  may  present  A-ariations 
from  its  normal  appearance.  It  may  sim^jly  sheAV  differences  in  staining 
reaction,  a common  appearance  being  one  in  Avhich  a cell  Avith  ordinarily 
o.xyphilic  protoplasm  exhilAits  an  imperfect  basophilic  tendency.  Fre- 
quently there  are  structural  alterations  such  as  A'acuolation,  umvonteil 
granulation,  and,  it  may  be,  breaking  up  of  the  cytoplasm  A\'ith  actual 
loss  of  cellular  outline,  and  CA'idence  of  fatty  degeneration  ma}'^  also  be 
manifest,  especially  in  the  long-standing  or  chronic  infections.  In  A-ery 
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acute  local  infections  the  centre  of  activity  may  very  soon  after  the  com- 
mencement of  the  change  consist  simply  of  an  agglomeration  of  cellular 
debris,  Avhile  in  chronic  infections — for  example,  in  tuberculosis — the 
central  part  of  a lesion  maj’^  chiefly  contain  the  products  of  fatty 
degeneration ; to  this  latter  event  the  terra  caseation  is  applied.  In 
chronic  infections  other  degenerations — hyaline,  mucoid,  find  so  forth — 
occur. 

The  walls  of  small  vessels  are,  especially  in  acute  conditions,  fre- 
quently aflected,  and  the  occurrence  of  minute  htemorrhages  (ecchymoses) 
mav  be  observed.  A less  serious  interference  with  the  vitality  of  the 
cells  lining  the  blood-vessels  is  undoubtedly  a factor  in  the  occurrence  of 
the  oedema  which  is  frecptently  seen  round  a focus  of  infection.  This 
oedema  may  be  Aviolespreaol  anol  may  affect  a large  part  of  the  body, 
the  involvement  of  a whole  limb  being  very  freopient  in  infection  by 
some  of  the  pyogenetic  organisms,  by  the  streptococcus  of  erysipelas,  by 
the  liaciUus  antkmcis,  and  by  the  bacillus  of  malignant  oeclema.  The 
development  of  oedema  may  be  associated  with  a correspondingly  wide 
distribution  of  the  causal  bacteria,  or  may  occur  when  the  bacteria  are 
confined  to  the  immediate  neighbourhood  of  the  infected  spot,  as  in 
many  cases  of  anthrax  in  man.  The  oedematous  fluid  infiltrates  all  the 
tissues  of  a part,  but  is,  of  course,  particularly  well  marked  in  those  of 
loose  texture.  When  the  skin  is  involved  the  occiuTence  of  large  or 
small  blebs  is  not  uncommon,  and  into  them  small  haemorrhages  from  the 
subjacent  papillary  vessels  may  take  place.  Sometimes  the  course  of  an 
infection  may  be  cut  short  by  the  effects  of  oedema  causing  the  death 
of  the  affected  indi%ddual.  This  not  infrecpiently  occurs  in  bacterial 
infections  about  the  neck,  in  the  septic  conditions  sometimes  called 
Angina  LudoAuci,  in  malignant  oedema,  and  in  anthrax  where  death  from 
asphyxia  is  not  uncommon.  In  intracranial  infections,  especially  those 
of  the  meninges,  such  as  tuberculous  meningitis,  the  oedema  set  up  either 
by  direct  effects  on  the  vessels,  or  indirectly  by  mechanical  interferences 
with  the  normal  secretion  or  absorption  of  the  cerebrospinal  fluid  or 
cerebral  lymph-systems,  may  have  serious  effects  on  cerebral  flmction  and 
>>e  a very  potent  factor  in  the  occurrence  of  death.  In  the  more  chronic 
infections,  such  as  .syphilis,  cellular  degenerations  (e.g.  hyaline  degeneration) 
are  often  observed  in  the  small  vessels,  and  these  bj'^  narrowing  the  lumen 
contribute  to  the  lack  of  cellular  nutrition  occurring  in  the  focus  of 
infection. 

The  di.stribution  of  degeneration  and  death  of  cells  in  connexion 
with  a focus  of  infection  varies  gi’catly  in  different  cases.  In  some,  as  in 
hjcal  pyogenetic  infections,  it  is  .small,  and  it  may  be  that  it  is  irregular, 
that  is,  cells  which  a7'e  degenerated  or  dead  may  lie  i>i  close  contact  with 
others  either  unaffected  or  shewing  signs  of  stimulation  to  increased 
vital  activity  in  connexion  ndth  the  infection.  This  may  occur  even  in 
acute  conditions,  but  is  most  marked  whei’e  the  bacteria  are  comparatively 
slow  in  their  action.  Thus  the  evidences  of  cellular  degeneration  aiid 
cellular  reactioti  are  often  j)resent  side  by  side,  or  actually  intcnuinglcd 
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the  one  with  the  other.  This  is  often  well  seen  in  slow  infections  of 
hones,  such  as  occur  in  the  caries  caused  b}?-  the  action  of  the  tubercle 
bacillus,  where  there  is  a slow  crumbling  away  of  minute  i)articles  of  the 
tissue.  Not  infrequently,  however,  especially  in  acute  cases,  compara- 
tively large  areas  of  tissue  undergo  death  almost  simultaneously  in  all 
their  component  parts.  A common  examjde  is  found  in  a boil,  and  still 
more  so  in  a carbuncle ; in  these  conditions  wdiich  arc  traceable  to  the 
pyogenetic  cocci,  large  areas  of  subcutaneous  tissue  die  as  the  result  of 
direct  bacterial  action — without  much  or  any  jn-evious  degeneration — 
and  to  the  naked  eye  assume  a greyish  and  bloodless  appearance 
(“  sloughs  ”).  A similar  j^rocess  is  responsible  for  the  necrosis  of  the 
Peyer’s  patches  in  typhoid  fever.  Sometimes  in  an  infection  there 
occurs  a condition  of  moist  gangrene,  it  may  be  of  a limb  or  part  of  a 
limb,  it  may  be  of  a portion  of  the  trunk,  for  example,  of  the  scrotum,  or 
of  the  face  as  in  noma.  This  may  be  secondary  to  direct  bacterial  action, 
and  be  due  to  the  cutting  off  of  the  blood-supply  to  a part,  by  the  2)ressiire 
of  exudation  on  blood-vessels  or  in  consequence  of  the  thrombosis  which 
frequently  follows  on  the  injury  of  the  walls  of  vessels  in  an  area  where 
bacterial  activity  is  going  on ; the  tissues  as  a consequence  die,  and  the 
changes  which  subsequently  occur  are  usu.ally  attributed  to  the  secondary 
action  of  the  ^putrefactive  bacteria  constantly  present  on  the  surfaces  of 
the  body.  In  other  cases  an  excessive  iPi’oduction  of  poisons  by  a bac- 
terium may  cause  gangrene  when  the  occurrence  woidd  not,  in  ordinaiy 
circumstances,  be  looked  for,  e.g.  in  some  stre^ptococcal  infections  when 
local  death  afij^ears  as  a comjdication.  On  the  other  hand,  while  the 
action  of  certain  bacteria,  such  as  the  Bacilhis  cedematis  inaligni,  when 
investigated  experimentall}^  often  results  in  gangrene,  in  the  case  of 
many  bacteria  isolated  from  various  gangrenous  conditions,  though  grave 
effects  may  suj^ervene  on  animal  inoculation,  gangrene  is  not  caused. 
Thus,  the  occurrence  of  gangrene  during  an  infection  may  depend 
on  a 23re- existing  weak  vitality  of  tlie  tissues.  This  is  borne  out  bj- 
such  facts  as  the  frequency  of  noma  in  ill-fed  children  who  are  recover- 
ing from  some  exanthem,  and  also  by  the  jjhenomena  of  diabetic 
gangrene  in  which  a trivial  infection  often  acts  as  a starting-i)oint  for 
Avidespread  tissue-death.  SujAjplementary  evidence  is  also  furnished  by 
the  fact  that  an  ordinary  Staphylococcus  aureus  has  been  found  to  cause 
gangrene  in  animals  suffering  from  glycosuria.  Similar  principles  are 
jjrobably  also  concerned  in  the  occurrence  of  i)ulmonary  gangrene,  though 
here  there  are  two  vicAvs  : in  the  first  i)lace,  that  gangrene  may  follow 
pneumonia  and  be  caused  by  the  ^pneumococcus,  esjAecially  if  external  con- 
ditions affecting  the  vitality  of  the  lung-tissue  be  jAresent ; secondhq  that 
gangrene  folloAv^s  lAneumonia,  but  is  caused  bj'  secondary  infection  Avith 
other  organisms. 

In  certain  infections  of  bone  considerable  masses  of  osseous  tissue 
may  jAcrish.  This  may  either  be  due  to  direct  bacterial  action  on  the 
bone-cells  or  may  be  secondary  to  interference  Avith  the  blood-sujAply,  as 
for  examjple  by  the  detachment  of  the  jAeriosteum  due  to  exudation 
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between  it  and  the  bone,  or  to  thrombosis  of  the  vessels  in  the  Haversian 
canals. 

(J)  Beadive  Changes. — By  far  the  more  imijortant  of  the  local  efiects 
of  bacterial  action  are  those  which  indicate  not  degeneration  or  death 
bnt  increased  activity  on  the  part  of  cells.  Such  increased  activity  is  what 
is  essentially  involved  in  what  is  called  the  reaction  of  the  body  against 
infection.  The  most  important  local  manifestations  of  cellular  activity 
observed  during  infection  are,  first,  the  increased  activity  in  the  amoeboid 
cells  of  the  body,  and  the  local  proliferation  of  the  fixed  tissue-cells. 
The  group  of  changes  by  which  such  increased  activities  are  manifested 
constitutes  an  essential  part  of  the  process  of  inflammation.  In  fact, 
inflammation,  whether  in  man  or  in  animals,  is  in  the  vast  majorit}^  of 
instances  caused  by  bacterial  action.  [Fide  “Inflammation,”  Vol.  I.  p.  723.] 
From  the  general  standpoint  of  infection  the  incidents  of  the  process 
which  concern  us  are  («)  the  leucocytic  exudation ; (i)  the  proliferation 
of  certain  fixed  cells  of  the  affected  part.  With  the  vascular  changes 
we  have  little  to  do ; their  interest  to  us  lies  in  the  development  of 
the  fluid  exudation  which  follows  and  constitutes  the  oedema  already 
referred  to.  It  may  be  pointed  out  that  no  chemical  analysis  of 
the  cedematous  fluid  can  help  us  towards  an  appreciation  of  the 
points  regarding  it  which,  from  the  standpoint  of  infection,  are 
probably  the  most  important.  In  the  leucocytic  exudation  we  have 
the  most  important  of  the  reactive  phenomena.  While  the  occurrence 
of  such  exudation  in  all  inflammations,  however  caused,  shews  that 
many  kinds  of  stimuli  may  influence  leucocytic  movement  and  main'' 
different  effects  may  result  from  leucocytic  emigration,  there  are  no 
inflammations  in  which  the  significance  of  the  event  is  greater  than  in 
those  of  bacterial  origin.  In  other  inflammations  the  chemiotactic 
influences  which  attract  the  leucocytes  from  the  vessels  may  be  conse- 
quent on  the  changes  produced  in  the  fluids  of  the  surrounding  jiarts  by 
the  presence  of  the  inorganic  chemical  irritants  causing  the  inflammation, 
or  by  the  changes  produced  in  the  constitution  of  these  fluids  from  the 
presence  of  dying  or  dead  tissue -cells,  and  the  chief  efiects  may  be 
the  removal  by  phagocytic  action  of  the  irritants  and  of  their  products. 
In  inflammations  of  bacterial  origin  such  factors  may  also  be  involved, 
but  here  there  is  added  the  stimulation  produced  bj^  emanations  pro- 
ceeding directly  from  the  protoplasm  of  the  invading  bacteria,  and 
the  main  effect  may  be  the  death  of  the  bacteria  and  the  digestion  of 
the  bacterial  cells.  How  complicated  the  action  of  the  factors  involved 
in  the  process  may  be  will  be  shewn  in  the  section  on  Immunity,  ^'ery 
imfxjrtant  also,  in  bacterial  inflammation.s,  is  the  other  incident  of  the 
inflammatory  process,  namely,  the  prolifci'ation  of  the  fixed  cells  of  the 
affected  part.  From  the  standpoint  of  infection  one  aspect  of  this  is 
e.s[>ecially  noteworthy.  Ma/iy  of  the  cells  produced  by  the  |)i‘oliferation 
may  take  jvirt  in  the  same  series  of  CiTccts  as  those  jiroduccd  by  cells 
derived  from  the  blood.  Often  both  in  acute  itillammations,  as,  for 
instance,  in  those  occurring  in  the  i)critoneum,  and  in  chronic  inflamma- 
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tions,  such  as  occur  iir  tuberculosis  and  leprosy,  either  the  actual  pre- 
existing tissue-cells  or — undoubtedly  more  often — the  cells  resulting  from 
the  proliferation  of  these  may  be  observed  to  contain  the  invading 
bacteria  in  their  protoplasm.  Nor  is  this  phagocytic  action  confined  to 
the  inception  of  bacteria ; frequently  cells  derived  from  the  tissues,  as, 
for  instance,  cells  derived  from  proliferation  of  the  endotheli.al  lining  of 
pulmonary  alveoli  in  pneumonic  conditions,  may  take  up  and  digest 
red  blood-corpuscles  which,  in  consequence  of  the  fragility  of  capillaries, 
have  been  shed  into  an  inflamed  area.  Further,  cells  derived  from  serous 
membranes  or  from  ordinary  connective-tissue  cells  may  be  seen  to  con- 
tain in  their  protoplasm  polymorphonuclear  leucocytes  from  the  blood, 
whose  previous  phagocytic  activity  is  shewn  by  the  presence  in  their 
protoplasm  of  the  bodies  of  the  bacteria  which  caused  the  whole  sequence 
of  events.  The  meaning  of  this  double  phagoc}Uosis — the  taking  up  of  the 
cells  which  themselves  have  taken  up  bacteria — is  by  no  means  clear.  Such 
intracellular  destruction  of  leucocytes  may  really  be  merel}'^  an  extension  of 
the  normal  process  by  which  these  cells  are  destroyed  when  their  life- 
cycle  is  ended ; the  phenomenon  is  well  worthy  of  further  investigation. 
We  cannot,  however,  limit  the  function  of  the  fixed  tissue-cells  which 
take  an  active  part  in  inflammation  to  phagocytosis.  It  is  quite  possible 
that  by  their  secretions  they  play  an  important  part  in  modifying  the 
composition  of  the  surrounding  lymph,  and  thus  produce  substances 
concerned  in  the  complicated  process  by  which  bacteria  in  the  tissues  are 
killed.  With  the  other  great  effect  of  the  proliferation  of  fixed  tissue- 

cells,  namely,  the  formation  of  fibrous  tissue,  which  so  often  is  the 

expression  of  the  injury  done  by  the  bacteria  to  the  progenitors  of  the 
fibroblasts,  we  are  not  concerned  here.  In  connexion  with  the  leucocytic 
exudation  in  bacterial  inflammations  and  with  the  reaction  of  the  cells 
of  the  infected  tissue,  it  may  be  pointed  out  that  during  the  further 
development  of  the  infection  many  examples  of  the  reactive  trapes  of 
cells  may  die.  This  accounts  for  the  abscess-formation  which  so  often 
occurs  during  the  course  of  bacterial  activity  in  the  body  and  for  the 
death  of  the  newly  formed  cells  seen  in  the  infective  granulomas. 

The  death  of  these  cells  may  be  preceded  by  the  same  degenerative 

changes  as  those  described  in  the  ordinary  cells  of  a part  during 
infection. 

The  foregoing  statement  briefly  summarises  the  pathological  chaiiges 
produced  in  any  one  part  of  the  body  when  the  normal  inter-relations 
and  inter-dependences  of  the  cells  are  interfered  with  by  an  invasion  of 
foreign  living  matter. 

General  Changes — (a)  Degenerative  and  Necrotic. — AA  e have  now  to 
consider  how  the  cellular  colony  which  constitutes  the  whole  body  may 
lie  aflected  generally  by  such  an  invasion,  whether  the  inv.osion  be  con- 
fined locally,  either  at  the  beginning  or  during  the  whole  of  its  course, 
or  there  be  at  any  period  of  the  infection  a general  distribution  of 
bacteria  throughout  the  body.  Here,  as  in  the  case  of  the  local  effects, 
the  changes  pi’oduced  may  be  divided  into  degenerative  changes  in  cells. 
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which  may  or  may  not  end  in  cellular  death  ; and,  secondly,  reactive 
changes,  the  feature  of  which  is  cellular  activity.  With  regard  to  the 
degenerative  effects  of  bacteria,  these  are  very  widespread  and  well 
imtrked  in  acute  infections.  Their  importance  is  probably  greatest  when 
they  affect  the  large  solid  vital  organs — the  heart,  the  kidneys,  the  liver 
— and  it  is  to  these  that  the  pathologist’s  attention  is  naturally  turned. 
The  most  common  degenerations  are  cloudy  swelling  and  fatty  degenera- 
tion. In  most  fatal  cases  of  infection  one  or  other  or  both  affections  may 
be  found — it  may  be  in  different  degrees — in  the  organs  named,  and 
there  is  no  doubt  that  cloudy  swelling  may  be  followed  by  the  fatty 
change.  Further,  consideration  of  the  jDresence  of  these  degenerations  in 
what  may  be  called  cases  of  accidental  death  during  infections,  such  as 
follows  perforation  or  htemorrhage  in  enteric  fever,  shews  that  prob- 
ably a considerable  degree  of  degeneration  may  be  recovered  from. 
In  some  infections  the  degree  of  degeneration  may  be  extreme ; for 
example,  in  yellow  fever  the  changes  in  the  cells  of  the  heart,  kidney, 
and  especially  of  the  liver,  may  be  so  marked  that  the  cytoplasm  is 
enormously  enlarged  and  almost  completely  composed  of  fat,  while  the 
serious  interference  with  the  vitality  of  the  cells  is  shewn  by  the  manifest 
acidophilic  tendency  of  the  nucleus,  and  by  the  tendency  to  destruction  of 
the  outline  of  the  cells.  As  Kempner  (153)  has  shewn  for  the  bacillus 
of  botulismus,  these  changes  can  be  originated  by  poisons  isolated  from 
bacterial  cultures.  In  addition  to  the  fatty,  other  changes  are  found ; some- 
times, as  in  certain  cases  of  small-pox,  scarlatina,  and  septic  disease,  a loss 
on  the  part  of  the  cellular  protoplasm  of  its  normal  granular  appear- 
ance (vitreous  degeneration)  has  been  noticed  in  the  liver  and  kidney.  In 
some  severe  infections  a condition  allied  to  coagulation-necrosis  has  been 
observed  in  the  same  organs,  and  there  has  also  been  seen  a loss  on  the 
part  of  the  nuclei  of  the  secreting  cells  of  their  capacities  for  taking  up 
basic  dyes.  In  the  heart  certain  special  features  are  sometimes  recog- 
ni.sable,  as  indeed  might  be  expected  from  the  highly  specialised  structure 
of  the  organ.  The  striation  of  the  muscular  fibres  is  often  lost,  the 
protoplasm  vacuolated,  and  apparently  the  nucleus  may  ditfide.  Fm-ther, 
the  attechment  of  the  muscle-cells  to  one  another  may  be  interrupted. 
These  appcarance.s  are  most  marked  in  infections  in  which  the  imoducts 
of  bacterial  action  appear  to  have  a special  affinity  for  the  cells  of  this 
organ,  the  best  example  of  this  being  found  in  diphtheria.  While 
the  great  solid  organs  are  those  the  affections  of  which  are  probably  of 
greate.st  importance  from  the  standpoint  of  the  body  as  a Avhole,  the 
other  organs  of  the  bofly  are  also  the  subjects  of  similar  changes  well 
worthy  of  more  inve.stigation  than  has  hitherto  been  bestowed  on  them. 
Thus,  in  animals  dying  from  diphtheritic  inocnlation,  a very  marked 
feature  is  the  swelling  and  congestion  of  the  .suprarenal  glands,  the 
significance  of  which  is  unknown.  Again,  in  certain  infcctimis,  of  which 
hvflrojjhobia  may  l>e  t^iken  as  a representative,  changes  occur  in  the 
central  nervous  system  which,  as  neuropathology  ailvanccs,  are  becoming 
more  and  more  recognised  as  definite  in  type  (cf.  iMarinesco).  In 
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the  peripheral  nerves  the  best  example  of  the  occurrence  of  changes  is 
in  the  very  common  post-diphtheritic  paralysis.  Here,  according  to  Sir 
W.  Gowers,  there  is  segmentation  and  breaking  up  of  the  white  sub- 
stance of  the  nerves  with  multiplication  of  the  nuclei  of  the  sheath. 

One  degeneration  may  be  alluded  to,  though  it  is  usually  considered 
in  relation  to  the  inflammation  with  which  it  is  usually  associated,  namely, 
the  change  allied  to  cloudy  swelling  which  often  occurs  in  infection  in 
the  capillaries  or  smallest  arterioles.  This  often  leads  to  rupture  of  the 
affected  vessel,  and  haemorrhage  into  the  tissues.  It  is  specially  marked 
in  the  kidney  in  many  cases  of  scarlet  fever,  it  may  occur  in  the  liver  in 
small-pox,  in  the  brain  in  hydrophobia,  and  in  the  skin  in  connexion  with 
such  exanthems  as  typhus  fever,  small-pox,  scarlet  fever. 

In  chronic  infections,  such  as  the  infective  granulomas,  other  degenera- 
tions, in  addition  to  those  already  alluded  to,  occur ; of  these  the  best 
example  perhaps  is  the  hyaline  degeneration  of  connective-tissue  fibres, 
especially  in  connexion  with  the  vascular  system,  in  tertiaiy  syphilis. 
Here  also  may  be  mentioned  the  waxy  degeneration,  which  may  also 
occur  in  the  granulomas,  though  whether  this  is  in  reality  a true  cellular 
degeneration,  and  not  merely  evidence  of  a pathological  cellular  excretion, 
is  open  to  question. 

Of  great  interest  and  importance  are  the  changes  produced  in  the 
blood  in  infections.  During  such  diseases  evidence  can  often  be  obtained 
of  the  existence  of  a very  definite  degree  of  anaemia,  the  red  blood-connt 
falling,  it  may  be,  by  several  millions  per  c.mm.  In  acute  infections  the 
diminution  is  probably  due  to  destruction  of  red  blood-cells,  as  poisons 
having  this  efiect  have  been  obtained  from  certain  pathogenetic  bacteria. 
In  more  prolonged  infections  interference  with  the  erythroblastic  function 
of  the  bone-marrow  may  account  for  part  of  the  change.  Other  altera- 
tions may  occur  in  the  blood-liuids,  such  as  changes  in  the  saline  content 
and  in  the  coagulation-time,  but  their  significance  is  not  clear,  as  the 
variations  have  not  yet  been  sufficiently  investigated.  The  changes  in 
the  leucocytes  will  lie  referred  to  below  (p.  27). 

(b)  General  Reactive  Changes. — The  general  reactive  changes  which 
indicate  cellular  activity  are  also  of  importance.  In  the  first  place,  these 
are  of  the  nature  of  inflammatory  conditions  afi'ecting  the  connective 
tissues  of  various  organs,  and  present  generally  the  phenomena  of  an 
inflammation  often  slight  in  extent,  but  of  a very  diffuse  character.  In 
many  instances  they  may  be  associated  with  a general  distribution  of  the 
infective  agent.  Thus,  for  instance,  we  cannot  say  that  this  may  not  be 
the  case  in  the  nephritis  of  scarlet  fever,  and  in  the  changes  suggestive 
of  acute  inflammation  seen  in  the  liver  both  in  this  disease  and  in  small- 
pox. In  diphtheria,  in  which  the  main  eflects  are  found  at  a distance 
from  the  focus  of  bacterial  multiplication,  changes  of  a similai’  kind  have 
been  described  in  the  heart,  as  also  in  enteric  fever,  where  a toxic  element 
is  probably  also  pronounced.  ith  regard  to  changes  of  this  kind 
some  investigators  have  taken  the  Hew  that  these  are  limited  to  alteia- 
tions  in  the  vessels  of  the  nature  of  active  hyper;emia  and  to  leucocytic 
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exudation,  and  that  the  latter  is  secondary  to  degenerations  of  the 
parenchyma  of  the  organ,  and  is  related  to  the  necessity  of  removing 
either  the  degenerated  cells  or  their  pathological  excretions.  Changes, 
most  probably  of  a toxic  origin,  of  the  nature  of  an  active  hypercemia 
are  responsible  for  many  of  the  skin  eruptions  so  common  in  infective 
diseases.  Affection  of  the  arteries  and  veins  of  the  body  of  an  inflam- 
matory character  are  also  observable  in  some  infections,  and  when 
combined  with  degenerations  of  the  endothelium  may  play  a part  in 
the  production  of  the  intravascular — especially  intravenous — thrombosis 
observed  in  certain  infective  diseases.  ImiDortant  changes  also  occur 
in  the  nervous  system  in  consequence  of  allied  processes.  In  many  acute 
nervous  affections  of  infective  origin,  in  addition  to  the  degenerative 
effects  already  noted,  congestion  of  blood-vessels  and  leucocytic  emigration 
may  be  observed,  as  in  rabies  (Roger,  291,  p.  796),  but  in  certain  cases 
this  interstitial  inflammation  may  be  the  primary  condition.  This  is 
especially  true  of  the  multiple  neuritis  of  influenza,  diphtheria,  scarlet 
fever,  erysipelas,  and  other  infections ; chronic  forms  of  the  same  class 
of  pathological  change  occur  in  leprosy  and  syphilis.  Widespread 
changes  of  a reactive  character  are  also  seen  in  the  alimentarv 
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and  respiratory  systems  even  when  these  systems  are  not  otherwise 
involved  in  the  infection.  This  is  CAudenced  by  the  occurrence  of 
catarrh — a shedding  of  epithelia  with  an  unAvonted  proliferation  of  the 
cells  whose  function  it  is  to  replace  normal  Avaste. 

Changes  in  the  Blood  and  Hcemopoietic  System. — Having  considered  the 
reactive  changes  of  an  inflammatory  nature,  Ave  must  noAv  turn  to  an  even 
more  important  group  of  reactions  regarding  the  true  nature  and  signifi- 
cance of  Avhich  it  is  impossible  to  speak  Avith  any  degree  of  definiteness. 
It  has  been  long  known  that  in  many  infections  there  is  an  increase  in 
the  number  of  A\*hite  blood-corpuscles  in  the  circidation.  That  this  is  not 
due  to  a decrease  of  the  total  volume  of  the  blood  is  indicated  by  the  fact 
that  the  relative  proportion  of  Avhite  cells  to  red  cells  rises,  Avhile  the 
absolute  number  of  the  latter  is  often  actually  smaller  than  normal. 
Counts  of  from  1-5,000  to  .30,000  or  over  are  common  in  septic  condi- 
tion.s,  abscess-formation,  pneumonia,  etc.  Usually  not  only  is  the  total 
number  of  leucocytes  increased,  but  there  is  an  increase  of  one  group,  often 
the  polymorphonuclear  cells.  Sometimes,  as  in  enteric  fever,  Avhile  there 
is  no  leucocytosis,  and  even  a diminution  of  Avhite  cells  (leucopenia), 
there  is  a disturbance  of  the  normal  proportions  of  the  difierent  Avhite 
cells.  Thus,  in  enteric  fever  the  lymphocytes  arc  relatively  increased, 
and  a similar  state  of  affairs  obtains  in  small-pox,  especially  in  milder 
cases  occurring  in  the  vaccinated.  We  are  here  concerned  Avitli  the 
exjilanation  of  the  occurrence  of  these  alterations,  and  not  Avith  their 
possible  prognostic  significance  (sec  “Clinical  Examination  of  the  Blood,” 
\ ol.  I.  p.  679).  In  the  ordinary  case  of  a leucocytosis  Avith  an  increase 
of  polymorphonuclear  cells  the  question  arises,  “Whence  comes  the 
increase?”  The  researches  of  Prof.  Muir  (2-50)  and  others  have  demon- 
strated that  the  origin  of  these  cells  in  the  bod}'  is  in  the  red  marroAv, 
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and  in  that  situation  there  are  large  stores  of  such  cells  from  Avhich  may 
be  drawn  the  extra  cells  which  pass  into  the  circulation  in  ph)^siological 
leucocytosis,  for  example,  after  a meal.  Under  certain  conditions  of 
infection  the  marrow  may  be  drained  till  it  is  almost  free  of  this  type  of 
cell,  but,  as  Prof.  Muir  has  shewn  experimentally  in  animals  and  from 
observations  on  naturally  infected  men,  a further  event  may  occur,  viz. 
active  proliferation  in  the  bone-marrow  of  the  neutrophil  myelocytes 
— the  progenitors  of  the  neutrophil  polymorphonuclear  leucocytes. 
Fresh  stores  of  leucocytes  are  thus  formed,  and  so  active  may  the 
process  be  that  in  a very  few  days  not  only  may  the  red  marrow 
exhibit  the  greatest  embryonic  activity,  as  is  evidenced  by  the 
occurrence  of  numerous  mitotic  figures  in  the  m}relocytes,  but  the 
yellow  marrow  may  be  encroached  on  by  the  actively  proliferating  cells, 
which  infiltrate  and  cause  an  absorption  of  the  fat-cells.  A very  great 
part  of  the  medullary  cavity  of  a long  bone  may  thus  come  to  be  occupied 
by  newly  formed  and  active  leucoblastic  tissue.  Not  onl}’  in  the  marrow 
but  in  the  other  luemopoietic  organs  is  there  evidence  of  cellular  activity. 
The  functions  of  the  spleen  constitute  one  of  the  problems,  or  probably  a 
series  of  problems,  of  great  complexity.  The  organ  has  long  been  recog- 
nised as  being  liable  to  change  in  infections.  The  enlargement  occurring 
in  ajithra.x  in  cattle  has  given  to  the  disease  one  of  its  names,  and  the 
increase  in  size  which  occurs  in  typhoid  fever  in  man  is  recognised  as  a 
clinical  feature  of  importance  in  diagnosis.  In  other  infections  evidences 
of  some  change,  either  in  size  or  character,  are  well  known.  The  im- 
portance of  the  organ  in  infection  is  in  nowi.se  affected  by  the  fact  that 
its  removal  is  an  operation  which  may  have  little  or  no  apparent  effect 
either  on  the  ordinary  health  of  an  animal  or  on  resistance  to  infections 
disease.  The  multifarious  forms  of  its  constituent  cells  argue  that  the 
organ  has  complex  functions,  of  which  phagocytosis  is  the  best  recognised. 
.\fter  the  injection  of  pigments  into  the  blood  the  cells  in  the  spleen  are 
seen  to  take  them  up  in  a marked  degree,  and  bacteria  are  often  found 
in  large  cells  with  hyaline  protoplasm — probably  either  the  endothelium 
of  the  pulp-sinuses,  or  cells  derived  from  them.  The  proliferation  of 
these  cells  and  their  j^hagocytic  activities  were  thoi’oughly  investigated 
by  Mallory  in  typhoid  fever,  and  his  results  have  been  confirmed 
for  other  diseases.  The}^  are  classed  by  Metchnikoff  among  the  macro- 
phases  {vide  art.  “Inflammation,”  Vol.  I.  p.  733).  It  may  be  in  conse- 
quence of  the  phagocytic  action  not  being  sufficient  to  destroy  the  bacteria 
taken  up  that  the  spleen  may  be  found,  as  sometimes  occurs,  e.c/.  in 
anthrax,  to  be  a special  site  of  bacterial  growth.  These  cells,  however, 
are  also  probably  concerned  in  the  destruction  of  other  cells  whose  cycle 
of  functional  activity  has  come  to  an  end.  In  infections  the)''  may  be 
observed  to  contain  numerous  red  blood-cells,  and  also  polymorphonucleai 
leucocytes.  Evidence  also  exists  of  extracellular  digestion,  both  of  red 
and  white  blood-cells  in  the  organ,  so  that  it  is  probable  that  the  secretion 
of  digestive  fluids  forms  a function  of  some  splenic  cells.  Prof.  Muir  has 
observed  in  infections  active  proliferation — as  evidenced  by  mitosis  of 
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these  endothelial  cells,  and  also  of  hyaline  leucocytes  in  the  sinuses. 
Fufthef,  there  is  a jtroliferation  of  special  cells,  larger  than  lymphocytes, 
anil  witli  abundant  and  basophilic  protoplasm,  -which  are  found  in  a zone 
round  the  Malpighian  bodies.  In  the  lymphatic  glands  of  the  body  there 
is  less  evidence  of  activity,  and  the  change  is  more  of  the  nature  of  an 
otxlinary  inflammation,  with  polymorphonuclear  exudation  from  the  vessels; 
but  in  certain  infections  there  is  also  an  increase  of  lymphoid  tissue  in  the 
germinal  areas,  which  are  the  ordinary  sites  of  the  genesis  of  the  small 
lymphocytes  of  the  blood,  and  here  also  proliferation  of  the  endothelial 
lining  of  the  lymph-sinuses  gives  rise  to  cells  similar  to  those  described 
in  connexion  -with  the  pulp-sinuses  of  the  spleen. 

From  a consideration  of  these  facts  we  can  now  understand  how  it  is 
that  changes  occur  in  the  blood  in  infection.  No  doubt,  at  first,  the 
blood-cells,  so  far  as  they  are  amoeboid,  are  drawn  from  the  storage 
centres  by  cheniiotactic  influences,  but  later  there  is  an  acute  proliferation 
originated  in  the  blood-forming  tissues,  and  thus  an  increased  sujDp]}'^  of 
ceils  is  ready  to  pass  into  the  blood  either  under  these  chemiotactic 
influences  or  by  mechanical  means  when  cellular  contractility  is  absent  or 
weak,  as  in  the  case  of  the  small  Ij^mphocytes.  These  blood  changes 
constitute  the  most  stinking  and,  it  may  be,  the  most  important  element  in 
the  general  changes  occurring  in  the  body  in  infection.  In  a local  inflam- 
mation caused  by  bacterial  infection,  the  migration  of  leucocytes  from 
the  vessels  under  chemiotactic  influences  has  often  been  looked  on  as 
constituting  the  e.ssence  of  an  inflammation.  But  onl}^  in  a very  limited 
and  local  infection  does  this  diapedesis  alone  affect  the  white  cells 
circulating  in  the  neighbouring  blood.  Whenever  an  infection  becomes 
severe  and  begins  to  manifest  general  effects  either  by  the  general 
distribution  of  bacteria  or  while,  as  in  pneumonia,  the  bacteria  are  still 
largely  or  entirely  confined  to  one  locality,  then  the  local  leucocytic 
reaction  becomes  but  a part  of  a general  reaction,  Avhich  affects  not  onh' 
the  leucocytes  of  the  circulating  blood,  but  the  blood-forming  organs 
themselves.  How  far-reaching  the  efl'ects  of  this  reaction  inaj^  be  in 
modifying  the  vital  actions  of  cells  and  the  constitution  of  the  bodily 
fluids  we  shall  consider  under  the  heading  of  immunity. 

The  effects  of  the  action  of  infective  bacteria  on  the  structure  of  the 
body  may  be  thus  summed  up  : — 

(1)  Local-,  (a)  Cellular  degeneration.";. 

{Ijj  Cellular  activity — occurrence  of  intlamination,  including 
leucocytic  exudation. 

General — {n)  Cellular  degeneration.s. 

(i)  Cellular  activity. 

(a)  Diflu.se  ellect-s  of  an  inflanunatory  type. 

{fi)  Proliferative  activit}'  of  blood-forming  organs. 

Thf  Tone  Ejfech  of  linclcrvi.  — Be.sides  the  recognition  of  the  effects 
produced  by  bacteria,  the  jiaramount  truth  which  must  be  emphatically 
insi.sted  on  here  i.s  that  the  chief  effects  of  bacteria  are  not  ilc])cndent 
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on  the  actual  presence  of  the  bacterial  cells.  As  we  shall  point  out 
immediately,  a general  distribution  of  bacteria  in  the  body  in  human 
disease  is  rare,  and  yet  the  occurrence  of  general  effects,  even  when  the 
bacteria  are  confined  to  one  part  of  the  body,  is  the  rule.  To  explain 
this  occurrence  several  hypotheses  were  formerly  advanced,  such  as,  for 
instance,  that  the  bacteria  used  up  the  food  of  the  tissues,  or  that  they 
cut  off  the  blood-supply.  But,  as  we  shall  presently  see,  the  isolation 
from  bacterial  cultures  of  chemical  substances  capable  of  originating 
specific  effects  has  led  to  the  view  that  such  poisonous  materiahs,  the 
products  of  bacterial  protoplasm,  are  responsible  for  the  distant  effects 
Avhich  bacteria  produce.  Before  considering  these  poisons  there  is  a 
matter  to  which  we  must  allude. 

B.  Changes  in  Function 

Such  diverse  structural  affections  as  we  have  described  cannot  but 
have  a serious  effect  on  the  functions  of  the  organs  concerned.  Slight 
local  infections,  especially  of  the  extremities,  beyond  affecting  movement, 
cause  comparatively  little  functional  interference.  Even  a local  infection, 
however,  may  have  serious  effect  if  it  involves  an  internal  organ.  Thus, 
infective  endocarditis  may  I’apidly  produce  serious  effects  by  causing 
valvvdar  incompetence,  and  a suppurative  condition  in  the  kidne}% 
secondary,  for  instance,  to  vesical  infection,  may  set  up  degenerative 
changes  in  the  renal  parenchyma  which  may  be  followed  by  arrest  of 
its  function.  The  interferences  ■with  function  caused  by  general 
effects  are,  however,  much  commoner  and  more  serious.  Their  considera- 
tion presents  a jiroblem  of  great  complexity.  In  even  comparatively 
slight  local  infections,  and  in  nearly  every  acute  general  infection,  there 
occurs  the  interference  Avith  heat  - I’egulation  which  causes  the  bodily 
temperature  to  rise  j in  other  words,  which  produces  fever.  The  pathology 
of  fever  is  still  far  from  being  placed  on  a secure  basis  (vkle  art.  “Fever,” 
Vol.  I.  p.  818),  and  many  questions  arise.  The  fever  may  be  the  expres- 
sion of  increased  metabolism  of  bodily  cells  caused  by  bacterial  poisons, 
but  increased  metabolism  from  pathological  changes  very  similar  to  those 
of  Ixicterial  infection,  such,  for  instance,  as  occur  in  phosphorus  poisoning, 
is  not  associated  with  fever.  On  the  other  hand,  the  raising  of  the 
temperature,  due  it  may  be  to  diminished  output  (however  this  diminu- 
tion is  caused),  may  originate  the  changes  in  the  cells.  But  in  whatever 
Avay  the  elevation  of  the  bodily  temperature  may  come  about,  there  is 
an  increased  breaking  up  of  the  bodily  tissues.  The  question  for  con- 
sideration is  whether  this  is  due  to  the  direct  action  of  the  bacterial 
]3oisons  on  the  tissue-cells,  or  indii'ectly  due  to  the  action  of  these  poisons 
on  a central  heat-regulating  mechanism.  Till  this  is  settled  Ave  can  haA'e 
no  clear  conception  of  the  etiological  relationships  of  many  of  the 
functional  changes  observed,  and  our  knoAvledge  of  Avhat  occurs  in  the 
fever  of  infection  throAvs  little  light  on  the  matter.  It  is  possible  that 
bacterial  poisons  may  have  direct  effects  on  tissue-cells  and  lead  to 
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increased  metabolism  and  increased  production  of  heat.  For  during  the 
early  stage  of  an  infective  fever  while  the  temperature  is  still  little  above 
normal  h is  probable  that  there  is  increased  production  as  well  as 
increased  loss  of  heat.  On  the  other  hand,  the  following  observations 
indicate  an  effect  on  a heat-regulating  mechanism.  It  has  been  shewn  by 
numerous  investigators  (Eoger  (291),  Krehl  and  Matthes  (171))  that 
it  is  possible  to  isolate  from  bacterial  cultures  poisons  giving  rise  in  small 
doses  to  fever,  which  may  or  may  not  be  followed  by  recovery,  while 
larger  doses  invariably  cause  collapse,  unaccompanied  by  fever  and 
resulting  in  death.  Undoubtedly  similar  facts  obtain  in  natural  infec- 
tions. In  scarlatina,  for  instance,  while  in  the  less  severe  forms  fever  is 
practically  an  invariable  accompaniment,  there  is  the  malignant  form, — 
imdoubtedly  toxic  in  nature, — in  which  the  individual  attacked  rapidly 
succumbs  from  collapse  without  any  fever  \yide  p.  433].  Further,  and  now 
we  must  speak  with  the  greatest  reserve,  it  is  possible  that  part  of  the 
increased  heat  produced  in  fever  may  be  the  expression  of  the  increased 
work  done  by  the  bodily  cells  in  that  increased  cellular  activity  which 
constitutes  the  reaction  against  infection. 

Apart  from  general  effects  on  metabolism  certain  organs  are  function- 
ally affected  in  a special  degree.  For  instance,  we  have  the  tendency 
to  cardiac  weakness  in  diphtheria  and  pneumonia,  the  paralytic  effect  on 
the  nervous  system  in  one  form  of  hydrophobia,  and  the  spasms  of  tetanus. 
These  last  two  examples  are  of  special  interest  and  importance  in  that  they 
are  not  associated  with  any  great  structural  lesion  in  the  parts  affected. 
Similar  fimctional  disturbances  probably  account  for  the  delirium  of  infec- 
tive fevers,  and  even  for  certain  of  the  convulsive  seizures  Avhich  occur. 
With  regard  to  the  heart  and  circulatory  system  the  well-known  changes  in 
the  character  of  the  pulse  brought  out  by  sphygmographic  tracings  in  infec- 
tions indicate  the  alterations  in  function  produced.  Attempts  have  been 
made  to  study  these  experimentally,  but  apparently  not  in  animals 
suffering  from  natural  disease.  Eoger  studied  the  effects  on  the 
frog’s  heart  of  poisonous  substances  derived  from  bacterial  cultures. 
-\part  from  the  objection  that  these  substances  were  very  j^robably 
mcKlified  by  the  means  of  separation  adopted,  the  experiments  are  open 
to  the  criticism  that  the  doses  given  rvere  enormously  in  excess  of  the 
amount  of  a bacterial  poison  acting  on  the  heart  at  any  particular  stage 
of  a natural  illness.  Of  intei-ferences  rvith  the  functions  of  other  organs 
the  kidney  is  the  best  example.  Here,  with  absence  of  evidence  of  actual 
pathological  change  of  such  degree  as  to  cause  death  or  detachment  of 
the  secretory  cells,  there  is  often  evidence  of  loss  of  function  in  the 
presence  of  albumin  in  the  urine.  This  may  be  an  accompaniment  of 
changes  such  as  cloudy  swelling.  When  there  is  actually  cellular 
de.sf|uamation  the  alljuminous  excretion  may  be  much  more  apparent. 
-\cute  inflammation  of  the  kidneys  may  also,  as  in  scarlatina,  be  accom- 
psinied  by  niptiire  of  cfipillaries  and  the  a])pcarance  of  haimaturia.  In 
chronic  degeneration.s,  such  as  wa.xy  degeneration,  the  kidney  function 
is  much  affected  along  similar  lines.  'I’he  e.xcretion  of  urea  may  also 
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be  interfered  with  both  in  acute  and  chronic  infectious  disease.  Usuall}' 
in  such  cases  there  is  structural  change,  but  in  very  acute  conditions  this 
may  be  absent,  and  yet  the  suppression  of  the  kidney  function  may  lead  to 
death.  Little  can  be  said  as  to  the  nature  of  functional  interferences 
with  other  organs,  though  these  undoubtedly  exist.  Their  investigation, 
however,  is  complicated  by  two  conditions : first,  our  ignorance  of  the 
essential  nature  of  fever,  which  prevents  our  estimating  the  parts  to  be 
assigned  to  direct  bacterial  action  on  organs  and  to  the  effects  of  the 
mere  elevation  of  bodily  temperature  on  general  metabolism.  Secondh’, 
in  nearly  every  infection  the  intake  of  food  is  diminished,  and  thus  it  is 
difficult  to  compare  the  metabolic  processes  in  such  a condition  with  those 
obtaining  in  health. 

From  what  has  been  said  regarding  the  diverse  interferences  with 
structure  and  function  which  bacteria  may  originate,  it  will  be  readily 
understood  that  death,  when  it  occurs  from  bacterial  disease,  ma}"  be  due 
to  a great  variety  of  causes.  Sometimes  mere  local  effects,  such  as,  for 
instance,  an  inflammatory  oedema  of  the  glottis,  may  cause  death.  Most 
usually,  however,  death  is  due  to  general  conditions.  It  ma}^  come  from 
mere  rise  of  bodily  temperature,  from  poisoning  of  the  heart,  from 
interference  with  the  kidneys  leading  to  the  suppression  of  their  functions, 
from  interferences  with  general  metabolism,  aixd  (especiall}'^  in  chronic 
infections)  from  the  drain  of  nutriment  from  the  blood,  such  as  occurs  in 
waxy  disease  of  the  kidneys. 

The  Distribution  of  Bacterial  Lesions 

In  dealing  with  infectious  disease,  a series  of  widely  diftering  pheno- 
mena must  be  accounted  for.  This  is  chiefly  due  to  the  comple.xity  of 
bacterial  action,  but  the  varied  distribution  of  bacteria  in  the  body  con- 
stitutes an  important  factor.  In  the  first  place  we  will  consider  some  of 
the  ascertained  facts  regarding  this  distribution  of  the  bacteria. 

In  such  a disease  as  tetanus  the  bacteria  are  entirely  confined  to 
the  jila-ce  of  infection,  there  never  being  the  least  eviclence  of  their 
spreading  to  other  parts  of  the  body.  Even  in  the  similar  case  of  diphtheria 
where  there  is  a pronounced  local  manifestation  of  activity  the  bacteria 
are  confined  locally.  This  is  a very  common  occurrence  in  infection- 
local  effects,  local  distrilmtion  of  bacteria,  and  yet  general  metabolic 
and,  it  may  be,  even  ^structural  effects.  In  fact  it  is  comparatively  rare 
for  bacteria  to  have  a pathogenetic  action  in  the  body  without  some 
general  disturbance,  however  slight  that  disturbance  may  be.  Sometimes 
a modification  of  a local  infection  maj^  be  observed,  in  that  the  site  of 
the  local  manifestation  of  bacterial  growth  may  be  some  distance  from 
the  point  of  inoculation.  For  example  the  Diplococcu$  inima’Utihiru 
meninriitidist  probably  gains  entrance  to  the  cerebrospinal  meninges 
through  the  cribriform  plate  of  the  ethmoid  from  the  nose,  in  which 
situation  they  produce  little  or  no  pathogenetic  effect.  Again,  in  some 
cases  of  infection  of  bones  or  joints  by  pyogenetic  bacteria  the  primary 
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site  of  infection,  as  iiulicated  by  a local  reaction,  may  be  sought  for 
in  vain  post-mortem. 

At  the  other  extreme  are  cases  in  which  with,  it  may  be,  little  local 
reaction,  the  bacteria  gain  an  entrance  to  a part,  multiply  Avith  extra- 
ordinary rapidity,  reach  the  blood -stream  either  directly  or  through 
the  intermediary  of  tlie  neighbouring  lymphatics,  multiply  there  also, 
and  are  found  in  every  tissue  of  the  body.  Death  in  such  cases  in- 
A'ariably  results.  The  condition  is  known  as  septictemia,  and,  although 
usuallv  only  applied  to  cases  in  Avhich  a general  distribution  of  the  p3^o- 
geuetic  cocci  occurs,  the  term  in  strict  scientific  phraseology  must  be 
extended  to  include  similar  affections  caused  by  such  organisms  as  the 
plague  bacillus  and  the  B.  anthmcis.  In  man  a general  septicaemia  is 
uncommon ; it  is  best  seen  in  the  septiciemic  form  of  plague  and  in  some 
rare  cases  of  streptococcal  infection.  It  is  more  usual  in  man  to  have  a 
vigorous  local  growth  succeeded  by  general  effects  of  a purely  toxic 
character. 

There  may,  hoAvever,  occur  the  development  of  secondary  foci  of 
gi’OAvth  caused  by  the  settling  down  of  escaped  bacteria  and  the  elabora- 
tion of  poison  by  them.  From  the  original  local  nidus  in  an  acute 
infection  the  bacteria  ma}"  pass  into  the  neighbouring  lymphatics.  They 
may  be  caught  in  the  nearest  lymphatic  glands,  and  set  u]d  a reaction 
there  which  may  be  the  final  manifestation  of  the  disease,  as  in  the  fre- 
quently occurring  abscess  in  the  axilla  secondary  to  a iDoisoned  wound  of 
the  hand.  They  may,  hoAvever,  pass  beyond  the  glands  to  set  up  other 
foci,  it  may  be  AA-ith  a fatal  termination.  Sometimes  the  spread  from  a 
local  nidus  is  through  the  veins  (rarely,  for  obAuous  reasons,  is  there  the 
opportunity  for  spread  by  arteries).  Bacteria  may  gain  admission  to  A^eins 
directly  by  being  mechanically  introduced  into  an  injured  A^ein  in  the  local 
lesion.  More  frequently  the  local  bacterial  action  affects  the  Avail  of  a 
neighbouring  A'ein,  and  the  bacteria  groAv  into  the  coats  of  the  vessel.  The 
A'itality  of  the  intima  suffers  impairment,  leading  to  thrombosis ; the 
bacteria  groAV  in  the  thrombus,  cause  it  to  soften,  and  thus  they  may  be 
carried  into  the  circulation.  This  accounts  for  the  occurrence  of  the  pneu- 
monic conditions  Avhich  constitute  a grave  danger  to  life  Avhen  they  arise 
secondarily  to  local  infection.s,  .such,  for  instance,  as  suppuratiA'e  jAeriostitis. 
The  escape  of  a feAv  bacteria  into  the  blood  in  local  infections  is  probabl_y 
more  common  than  is  usually  supposed.  It  is  excessively  rare  in  man  to 
be  able  to  demonstrate  bacteria  microscopically  in  the  blood.  But  if, 
during  an  infection,  a considerable  quantity  of  blood,  say  5 c.c.,  be 
aseptically  AvithdraAvn  from  a vein  Avith  a hypodermic  syringe  aiid  in- 
cubated, evidence  of  the  presence  of  the  organism  associated  Avith  the 
infection  may  be  found,  in  chronic  infections,  such  as  tuberculosis,  the 
principles  of  the  distribution  of  the  causal  bacteria  are  the  .same.  Spread 
may  take  place  either  by  the  lymphatics  or  by  the  blood-stream,  and  in 
Ijoth  ca.se.s,  especially  in  the  latter,  an  enormous  number  of  secondary  foci 
may  of  course  be  developed. 

In  certain  cases  a spread  of  infection  from  one  j)art  of  the  body  to 
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another  may  take  place  by  transference  of  bacteria  alon<^  natural  free 
surfaces.  Thus  infection  of  one  part  of  the  skin  from  another  is  common  ; 
the  lupture  into  an  air-cell  of.  a tuberculous  focus  in  the  lung  may  lead  to 
infection  by  aspiration  of  the  bacilli  into  other  jiarts  of  the  lung  \ the 
swallowing  of  tul)erculous  sputum  may  lead  to  vdceration  in  the  intestine. 
Similar  processes  may  be  at  work  in  the  spread  of  bacterial  infections 
from  the  urethra  and  bladder  to  the  kidneys  and  testicles. 

The  spread  of  infective  bacteria  may  to  some  extent  be  determined 
by  certain  organs  of  the  body  constituting  a better  food-supply  for 
bacterial  growth,  or  the  conditions  of  local  circulation  may  come  into 
play.  Thus,  in  the  spread  of  pyogenetic  cocci  as  from  the  cardiac  ^•alves  in 
infective  endocarditis,  these  are  much  more  apt  to  settle  in  the  kidneys, 
the  joints,  and  in  certain  cases  (especially  in  the  artificial  inoculation  of 
animals)  in  the  serous  cavities  than  in  other  parts  of  the  body.  In 
glanders,  on  the  other  hand,  the  bacilli  are  prone  to  settle  in  the  joints 
and  in  the  skin,  and  of  the  solid  organs  the  spleen  is  said  to  be  more 
frequently  affected  than  the  kidneys. 

The  Poisons  formed  by  Bacteria 

Historical. — Study  of  the  pathological  effects  of  bacteria  emphatically 
established  the  position  that  bacteria  can  act  at  a distance'  from  the  site 
of  their  multiplication  in  the  body.  The  proof  that  such  an  action  occurs 
rests  on  the  isolation  from  bacterial  cultures  of  substances  capable  of  pro- 
ducing the  same  changes  that  would  follow  the  injection  of  the  cultures. 
The  earliest  demonstration  of  the  poisons  produced  by  and  excreted  by 
bacterial  cells  is  found  in  the  work  of  Eoux  and  Yersin  (295)  on 
diphtheria.  These  observers  shewed  that  if  cultures  of  the  diphtheria 
bacillus  were  filtered  germ-free  through  an  unglazed  earthenware  cylinder, 
the  filtrate  was  toxic,  and  produced,  according  to  the  dose,  rapid  death  or 
a more  protracted  illness  during  which  the  paralyses,  so  characteristic  of 
natural  diphtheria,  frequently  occurred.  Similar  results  were  obtained 
with  tetanus  by  I^itasato  (155).  To  the  early  part  of  the  same  period 
belongs  the  work  of  Brieger  (45)  on  certain  poisons,  chiefly  alkaloidal  in 
nature,  called  ptomaines,  which  Avere  isolated  by  him  from  putrefying 
flesh  and  also  from  bacterial  cultures.  Such  alkaloidal  poisons  probably 
do  exist,  as  has  been  sheAvn  by  Brieger,  Vaughan  and  Novy  (334),  and 
others,  and  occur  in  connexion  Avith  the  poisonous  effects  of  flesh,  fish, 
cheese,  and  so  forth  (see  “Food-poisoning,”  p.  855),  but  it  is  practi- 
cally certain  that  alkaloidal  bodies  play  a subsidiary  part,  if  any  part  at 
all,  in  the  pathogenetic  action  of  bacteria.  Brieger  and  Fraenkel  (47) 
next,  by  treatment  Avith  alcohol  and  with  other  precipitants  of  proteids, 
isolated  from  cultures  of  the  diphtheria  bacillus  certain  albuminous 
substances,  Avhich  they  termed  toxalbumins  and  regarded  as  the  toxic 
agents  ; certainly  part  of  the  true  toxic  principle  Avas  thus  precipitated. 
Prof.  Sidney  Martin  (222)  established  the  capacity  of  these  bacteria  to 
produce  fermentation  products  such  as  albumoses,  and  further  sheAved 
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that  the  breaking- down  process  could  proceed  even  further  and  give 
rise  to  alkaloidal  bodies  (in  anthrax)  or  organie  acids  (in  diphtheria). 
Further,  he  isolated  from  the  spleens  of  individuals  dead  of  diphtheria 
albumoses,  which,  when  given  in  repeated  doses,  produced  in  animals 
jxu-alyses  of  a post-diphtheritic  type.  Since  fermentation  undoubtedly 
occurs  in  bacterial  cultures.  Prof.  Martin  put  forward  the  hypothesis 
that  in  diphtheritic  infection  a double  process  was  at  work.  He 
conceived  that  in  the  membrane  the  bacilli  gave  rise  to  a ferment,  and 
that  this  ferment,  being  absorbed  into  the  body  of  the  infected  animal,  set 
up  a proteolytic  change,  resulting  in  the  procluction  of  toxic  albumoses, 
which  were  the  active  agents  in  producing  the  intoxication-phenomena. 
Whether  the  toxic  agents  are  really  albumoses  or  not,  there  is  no  doubt 
that  they  can  be  obtained  from  cultures  by  chemical  methods  appropriate 
to  the  isolation  of  albumoses.  Brieger  and  Boer  (46)  state  that  they 
have  obtained  specific  toxic  materials  which  give  no  proteid  reaction, 
but  their  experiments  have  not  been  repeated.  Uschinski’s  (330) 
observation  that  the  diphtheria  bacillus  could  grow  and  could  pro- 
duce its  poisons  in  urine  (free  from  proteid)  would  rather  point  to  the 
true  poisons  being  formed  intrabacterially  and  not  secondarily  from 
material  present  in  the  food  mediums.  The  observation  does  not,  how- 
ever, exclude  the  possibility  of  these  poisons  being  albumoses,  for  the 
building-up  processes  which  result  in  the  formation  of  the  higher  albumins 
of  the  bacterial  protoplasm  might  be  followed  by  a metabolic  breaking- 
up  of  that  protoplasm  into  lower  proteids. 

The  Toxins. — All  attempts  to  obtain  bacterial  poisons  in  a condition  of 
purity  have  hitherto  been  unsuccessful,  and  for  a long  time  past  bacteri- 
ologists have  been  forced  to  confine  their  attention  to  impure  bacterial 
products,  which,  though  containing  the  poisons,  contain  much  else.  Study 
has  thus  been  directed  rather  to  the  toxicological  action  of  these  impure 
mixtures  than  to  the  substances  to  which  the  toxic  action  is  really  due. 
Since  these  poisons  possess  features  which  mark  them  off  from  well- 
known  toxic  agents  like  the  toxic  alkaloids,  glucosides,  it  is  usual 
to  denominate  the  bacterial  poisons  by  the  indefinite  term  toxins.  We 
cannot  go  far  in  our  study  of  these  toxins  ■without  recognising  that 
[joisons  of  different  kinds  are  produced  by  bacteria.  From  lack  of  pre- 
ci.sion  in  the  present  state  of  our  knowledge  it  is,  however,  difficult  to 
classify  these  varieties  and  to  speak  cleaidy  regarding  them.  An  out- 
standing feature  recognised  soon  after  the  first  work  of  Roux  aud 
Yersin  was  that  while,  in  the  case  of  many  bacteria,  toxins  could  be 
ea.sily  separated  from  fluid  cultures  by  filtration  through  porous  earthen- 
ware, in  the  case  of  others,  of  which  the  anthrax  bacillus  ma}'  be  taken 
as  an  example,  no  toxic  filtrates  coidd  be  obtained,  although  the  intoxi- 
cating fjualities  of  the  bacteria  in  actual  disease  appeared  undoubted. 
This  led  to  the  idea  that  in  some  ca.ses  the  toxins  readily  pass  out  of  the 
Ijficterial  protoplasm  into  cidtiire  fluirl,  while  in  others  either  this  pass- 
age does  not  occur  or  the  organisms  cannot  form  in  culture  fluids  the 
toxins  which  they  elaborate  in  the  animal  organism.  Leaving  the  last 
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possibility  out  of  account,  it  has  been  usual  to  differentiate  between  extra- 
and  intra-cellular  toxins.  The  terminology  is  unfortunate,  for  the  extra- 
cellular bacterial  to.xins  have  been  found  merely  to  be  examples  of  a 
class  of  poisons  widely  distrilmted  in  the  animal  atid  vegetable  kingdoms. 
The  situation  is  rendered  still  more  difficult  by  the  fact  that  in  cerbiin 
bacterial  poisonings  representatives  of  both  groups  are  probably  activelj^ 
engaged.  For  convenience  we  shall  speak  of  the  extracellular  toxins 
and  allied  poisons  as  the  diphtheria  group,  and  apply  the  term  intra- 
cellular toxins  to  those  usually  described  under  this  name,  but  we  must 
not  be  supposed  to  commit  ourselves  to  the  position  that  the  poisons  of 
the  two  groups  differ  fundamentally  from  one  another. 

{a)  The  Diphtheria  Group  of  Toxins. — (a)  Bacterial  Toxins. — The 
chief  bacterial  members  of  this  group  are  found  in  the  crude  toxins 
derived  from  cultures  of  the  B.  diphthcrim  (Roux  (292)),  the  B.  tetani 
(Kitasato  (155)),  and — of  much  less  importance — from  the  B.  botulinus 
(Kempner  (153)).  The  bouillon  cultures  are  grown  under  conditions  which 
e.xperience  has  shewn  to  produce  the  strongest  toxins.  These  conditions 
vary  in  different  cases.  Much  depends  on  the  constitution  of  the 
medium,  and  on  the  temperature  of  growth,  and  on  the  period  elapsing 
before  filtration.  Sometimes  strains  of  bacteria  are  met  with  which  will 
not  produce  toxins  under  conditions  usually  favourable.  Generally 
speaking,  in  any  bouillon  culture,  there  is  a i)eriod  of  increasing  toxicity 
until  a maximum  is  reached.  This  is  succeeded  by  slow  disajjpearance 
of  to.xin,  and  ultimately  very  old  cultures  may  be  found  to  be  quite 
innocuous.  After  growth  the  cultures  may  be  filtered  through  unglazed 
earthenware  and  the  filtrate  kept  covered  with  a thick  layer  of  toluol. 
Sometimes  filtration  is  not  resorted  to ; the  culture  maj^  l)e  merely 
repeatedly  shaken  up  with  a considerable  quantity  of  toluol  until  control 
cultures  shew  that  all  the  bacteria  have  been  killed  Again,  the  fiuid  may 
be  simply  allowed  to  stand  to  deposit  the  bacteria,  or  it  may  be  centri- 
fugalised  and  the  upper  layer  used  as  the  crude  poison.  M hen  the 
organism  forms  spores,  as  occurs  with  the  tetanus  bacillus,  this  treatment 
will  not  kill  the  spores,  and  the  toxin  thus  produced  cannot  be  used  for 
animal  experiments.  Again,  in  a culture — filtered  or  unfiltered — a con- 
centration of  the  toxin  may  be  accomplished  by  adding  ciystals  of 
ammonium  sulphate  to  saturation,  setting  aside  for  twenty-four  hours  at 
37°  0.,  and  then  skimming  off  the  precipitated  proteids  (which,  from  the 
density  of  the  solution,  float  on  the  surface).  These  may  be  dried  in 
vacuo  over  sulphuric  acid  and  stored  in  the  dry  condition.  Further 
attempts  at  purification  being,  as  we  have  seen,  impossible,  the  properties 
of  the  poisons  can  only  be  studied  by  the  investigation  of  the  toxico- 
logical reactions  of  the  crude  fluids.  In  the  cases  of  the  specific  disease- 
producing  poisons  of  diphtheria  and  tetanus  this  is  done  bj'  estimating 
the  smallest  amount  (minimal  lethal  dose,  or,  briefly,  “ M.L.D.  ) which 
will  kill  a guinea-pig  of  250  grammes  weight  on  the  fourth  day  after 
inoculation.  This  is,  of  course,  a purely  artificial  standard,  but  it  is 
founded  on  the  general  principle  that  if  an  animal  survives  this  length 
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of  illness  it  will  probably  either  sur\'ive  altogether  or  die  only  after  a 
chronic  illness.  The  strength  of  a toxin  is  always  measured  in  terms  of 
this  minimal  lethal  dose,  and  such  a standard  is  adopted  with  all  toxins, 
though  of  course  the  tt’pe  of  pathological  effect  to  be  taken  as  the 
minimal  one  must  be  varied  with  the  toxin  under  consideration. 

The  study  of  the  bacterial  toxins  of  the  group  under  consideration 
has  re^•ealed  the  possession  b}*  them  of  certain  characters.  Thus  they 
are  all  dialysable,  they  are  all  precipitable  from  solution  by  alcohol  and 
ammonium  sulphate,  and,  generally  speaking,  they  are,  as  has  been  said, 
separable  by  any  method  capable  of  separating  albumoses  from  mixtures 
of  )roteids.  Generally  speaking,  they  are  inclined  to  lose  their  toxic 
properties  when  heated,  though  here  there  are  considerable  individual 
differences.  Thus  the  diphtheria  and  tetanus  toxins  lose  their  toxicity 
after  half  an  hour’s  exposure  to  a temperature  of  55°  C.,  while  the  toxin  of 
the  dysentery  bacillus  is  not  affected  till  a temperature  of  70°  C.  is 
applied  for  an  hour.  Further,  these  poisons  are  very  susceptible  to  the 
action  of  the  digestive  ferments,  so  that  large  quantities  can  often  be 
taken  into  the  stomach  without  any  morbid  effect  being  produced.  Their 
toxic  properties  are  also  removed  by  many  chemical  .substances,  and 
especially  by  acids  and  alkalis.  None  of  these  agencies,  whether  heat, 
digestive  ferments,  or  chemicals,  necessarily  break  up  the  poison  molecule. 
They  merely  diminish  or  destroj'^  its  toxicity.  AVith  regard  to  the  patho- 
logical effects  of  these  poisons,  one  of  the  most  striking  features  is  the 
frequent  occurrence  after  inoculation  of  a period  of  incubation,  during  which 
the  poison  appears  to  be  latent  in  the  system  of  the  animal  attacked.  This 
period  varies  with  the  dose,  but  in  the  case  of  bacterial  toxins  always 
exist.s,  though  at  present  we  can  give  no  explanation  of  the  phenomenon. 
But  perhaps  the  most  characteristic  feature  of  this  group  of  toxins,  which 
probably  more  than  any  other  marks  them  off  as  a separate  group  of 
chemical  substances,  is  that  if  successive  non-lethal  doses  be  injected  into 
an  animal,  it  is  found  that  in  the  serum  of  that  animal  there  appear 
substances  which  can  neutralise  the  toxic  action  of  the  toxins.  These 
substances  are  the  antitoxins.  This  antitoxin -formation  probably  does 
not  occur  with  other  poisons.  Besredka  (28)  has  described  such  a 
phenomenon  in  connexion  Avith  immunisation  against  arsenic,  but  his 
experiments  might  have  another  interpretation.  Morgenroth  (248)  could 
not  find  eAudence  of  an  antitoxin -production  in  immunisation  against 
morjjhine.  It  is  the  recognition  of  a characteristic  antitoxin-production 
Avhich  justifies  the  exten.sion  of  the  limits  of  this  group  to  include  poisons 
of  non-bacterial  origin.  The  chief  toxins  thus  brought  into  the  group 
are  found  among  the  snake-poison.s,  but  examples  are  found  in  the  less 
important  scorpion-  and  spider-poisons  and  among  the  vegetable  poisons 
in  the  toxins,  ricin  and  aV;rin,  derived  from  the  castor-oil  bean  and  the 
jequirity  seed  respectively.  Evidence  from  the  chemical  side  pointing 
to  the  profxibility  of  the  relationsliip  of  diesc  poi.sons  Avith  the  bacterial 
js’dsons  hafl  previou.sly  been  obtaineil.  Thus  AVeir  Alitchell  (2  f;5)  had 
concluded  that  the  snake- venoms  were  albumo.scs.  The  fact  of  the 
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association  of  the  diphtheria  group  of  toxins  with  the  development  of 
corresponding  antitoxins  has  been  found  to  shed  light  on  the  nature  and 
mode  of  action  of  these  toxins.  This  necessitates  the  postponement  of 
the  consideration  of  many  qiiestions  which  naturally  arise  here,  till  we 
can  deal  at  the  same  'time  with  the  properties  of  the  antitoxins.  The 
pathological  effects  of  the  diphtheria  and  tetanus  toxins  may  be  con- 
sidered, as  these  are  by  far  the  most  important  bacterial  members  of 
this  groujD  of  poisons.  One  featui’e  deserving  attention  is  their  great 
potency.  Thus  it  is  not  uncommon  to  obtain  a tetanus  poison  which  will 
kill  a guinea-pig  in  a dose  of  '001  c.c.  of  the  fluid  filtrate.  Ehrlich  found 
with  crude  ricin  that  the  minimal  lethal  dose  for  a guinea-pig  was  '00004 
gramme  per  kilo,  of  body-weight,  and  iMajor  Lamb  (174a)  has  calculated 
that  in  man  the  fatal  dose  of  crude  cobra- venom  is  probably  '015 
gramme.  Again,  these  poisons  rather  tend  not  so  much  to  upset  the 
general  bodily  metabolism  as  to  produce  effects  on  special  tissues.  It 
is  this  point  Avhich,  in  the  first  instance,  constituted  the  proof  that 
the  diphtheria  and  tetanus  bacilli  acted  through  the  agency  of  extra- 
cellular poisons.  The  purest  example  of  toxin  action  is  found  with 
tetanus  toxin.  Here,  Avhether  the  dose  be  great  or  small,  the  spasm- 
producing  action  of  the  toxin  is  dominant,  and  it  is  this  Avhich  causes  the 
fatal  result.  In  guinea-pigs,  after  inoculation  and  the  lapse  of  the  incuba- 
tion-period, stiffness  and  spasms  appear,  commencing  in  the  limb  nearest 
to  the  point  of  inoculation,  gradually  extending  to  the  Avhole  bod}q  and 
ending  in  a fatal  spasm  of  the  glottis.  This  is  identical  Avith  AA'hat  occurs 
in  infection  of  the  guinea-pig  Avith  the  bacillus  itself,  and  it  closel}' 
I’esembles  the  natural  disease  in  man.  In  the  case  of  the  diphtheria 
toxin  the  effects  are  identical  Avith  those  occurring  in  bacterial  infection, 
Init  the  phenomena  produced  have  suggested  that  the  crude  diphtheria 
toxin  might  contain  at  least  tAvo  poisons  having  someAvhat  different 
actions.  If  a comparatively  large  dose  of  the  toxin  be  administered 
to  an  animal  it  Avill  rapidly  Ijecome  ill,  suftering  Avith  oedema  at  the 
point  of  inoculation  and  Avith  slight  fever  and  general  prostration, 
mai'ked  especially  by  a cardiac  debilitj’,  Avhich  Avill  be  the  direct  cause 
of  death.  With  a smaller  dose  the  jn’eliminary  signs  of  disease  Avill  be 
manifested  in  milder  form ; there  Avill  be  some  falling  out  of  the  hair  at 
the  site  of  inoculation  and  perhaps  some  local  necrosis,  but  the  marked 
feature  Avill  be  delayed  for  some  da}'s,  Avheii  a general  muscular 
paralysis  of  a more  or  less  Avidespread  character  Avill  sufiervene,  and 
the  animal  may  die  from  affection  of  the  muscles  of  respiration.  From 
the  standpoint  of  pathological  anatomy  there  ma}’’  often  be  little  to 
remark  in  animals  dead  from  the  effects  of  these  poisons ; in  the 
heart-muscle  and  its  nerves  the  changes  may  be  A'-ery  slight  in  the 
acute  illness  ; in  the  chronic  condition  Avell-marked  changes  in  the 
peripheral  nerves  are  present.  In  acute  cases  of  poisoning,  either 
by  diphtheria  or  tetanus  toxins,  the  central  nerA'Ous  tissues  Avhich  beai' 
the  brunt  of  the  disease  may  exhibit  no  change  certainly  observable 
by  ordinary  microscopic  methods,  and  the  onl}'  phenomenon  to  be  seen 
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mav  be  the  occurrence  of  vascular  congestion.  Sometimes  the  organs  of 
the  body  other  than  those  on  which  the  poisons  actually  work  shew 
likewise  little  change.  Sometimes,  however,  they  exhibit  cellular 
degenerations,  and  in  diphtheria  Komotski  (166)  has  shewn  that  these 
degenerations  occur  in  the  endothelium  and  adventitia  of  vessels  all  over 
the  body.  There  may  also  be  reactive  changes.  Both  Gabritschewski 
and  Besredka  (26)  record  leucocytosis  as  common  in  both  natural  and 
experimental  diphtheritic  intoxications,  especiallj"  when  these  are  non- 
fatal,  and  they  consider  this  important,  from  a jirognostic  point  of 
view.  According  to  Trambusti  there  may  be  jjroliferative  activity  in 
the  leucoblasts  of  the  bone-marrow,  and  MetchnikofF  (233)  has  shewn 
that  a similar  leucocytosis  occurs  when  non -fatal  doses  of  tetanus 
toxin  are  administered.  These  observations  indicate  that  the  part 
played  by  the  bodily  tissues  in  bacterial  intoxications  is  not  merely 
passive.  Whether  the  reactive  changes  are  to  be  attributed  to  the  action 
of  the  special  characteristic  toxins  is  a question  which  must  be  reserved. 
In  diphtheria  there  is  nearly  always  interference  with  metabolism,  as  is 
indicated  by  the  presence  of  fever.  In  the  other  bacterial  poisons  of  this 
group,  e.g.  botulismus  poison,  there  is  less  selective  action  and  a more 
general  degenerative  effect  in  the  solid  organs.  As  we  shall  see  later, 
when  dealing  with  the  interactions  of  diphtheria  toxin  and  antitoxin, 
investigation  has  shewn  that  the  apparently  different  effects  are  really 
produced  by  a group  of  allied  poisons  and  not  by  essentially  different 
toxins. 

That  toxins  of  different  kinds  may  be  present  in  crude  bacterial 
filtrates  is  well  shewn  by  the  case  of  the  crude  tetanus  toxin.  Here 
the  predominant  element  is  always  the  spasm -producing  23oison — the 
tetanospasmin  of  Ehrlich — and  it  may  be  present  alone.  In  certain 
crude  toxins,  however,  there  is  evidence  of  another  poison,  which  has  the 
capacity  of  inducing  hiemolysis  in  the  red  blood-corpuscles  of  certain 
animals.  This  was  called  by  Ehrlich  tetanol3'sin. 

Haemolysis  may  be  produced  in  a variety  of  ways,  and  as  the  occurrence 
will  be  referred  to  again  and  again  in  our  future  discussions,  we  maj'  speak  of 
the  procesri  in  .some  detail.  If  red  corjntscles  he  i>laced  in  isotonic  salt  solution 
the  mixture  will  present  a reddi.sh  turbid  appearance  from  the  corjjuscles  being 
merely  su-spended  in  the  fluid.  Microscoitically  tlie  cells  will  undergo  no 
apparent  change.  If,  however,  instead  of  saline  solution,  distilled  water  be 
emjdoyed,  in  a few  .“econds  a jierfeetly  clear  luenioglobin-tiiited  fluid  results. 
Micros/.opically  the  cmim.scular  elements  are  just  visible  as  round,  translucent, 
greatly  swollen  Gylies.  The  occurrence  is  usually  explained  bv  supposing  that 
the  saline  content  of  the  cell-juice  has  by  osmosis  caused  a raj)id  absor2)tion  of 
Wiitt-r  through  the  cell-membnine,  and  that  the  li£emoglobin  either  j)a.sses  out  by 
diffu.don  or  it  is  lilierated  by  acttial  rui)ture  of  the  cell.  "While  the  greater 
part  of  the  htemoglobin  flais  jia.sse.s  into  solution,  thtu'c  is  evidence  that  in 
<>-rtain  cireumsfance.'  the  solution  of  the  rest  of  the  proto])lasmic  content  of  the 
hierrif)]  v-*  fl  (^]]  i.-  not  comjilefe.  Honlet  b3!)  i and  1 )r.  Haldane  (1  42Aiave  shewn 
that  on  the  addition  of  .-edts  to  a hiemolysed  mi.vtitre  a turliidity  may  iigaiti 
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appear,  and  on  microscopic  examination  this  is  found  to  be  due  to  a shrinking 
togetlier  of  tlie  still  existing  remains  of  the  protoplasmic  network  of  the  cells. 
These  remnants  may  shew  evidence  of  retaining  a certain  amount  of  hoemoglohin 
entangled  in  their  substance.  It  thus  appears  as  if  the  osmotic  capacities  of 
the  cellular  framework  had  not  been  altogether  destroyed.  It  is,  however, 
doubtful  whether  all  the  phenomena  which  go  under  the  name  of  luemolysis  are 
of  the  same  nature.  Bordet,  speaking  of  the  case,  to  which  we  shall  have 
frequently  to  refer,  where  a blood-serum  possesses  haemolytic  powej',  states  that 
if  salt  be  added  to  a solution  containing  hiemolysed  corpuscles,  the  latter  do  not 
shrivel  up  and  appear  deformed,  Vmt  regain  their  former  round  appearance. 
From  this  he  infers  that  such  an  example  of  haemolysis  is  not  due  to  oi-dinary 
osmotic  i^henomena,  but  that  here  the  cells  have  actually  lost  their  capacity  of 
behaving  in  an  ordinary  way  so  far  as  osmosis  is  concerned. 

The  occurrence  of  haemolytic  poisons  has  been  observed  in  bacterial 
to.xins  other  than  that  of  tetanus.  Thus  Neisser  and  Wechsberg  (255) 
have  fottnd  such  a toxin  in  the  filtrates  of  bouillon  cultures  of  staphy- 
loccus  pyogenes  aureus.  Marmorek  (216)  and  also  Schlesinger  (307) 
have  shewn  that  a similar  toxin  exists  in  cultures  of  the  Streptococcus 
pijogcnes,  and  similar  observations  have  been  made  with  regard  to  certain 
vilirios  by  Kraus  and  Ludwig,  and  by  Madsen  and  AValbum  (200). 
These  results  may  have  a bearing  on  the  explanation  of  the  antemias 
which,  as  we  haVe  seen,  are  so  characteristic  of  many  bacterial  infections. 
Reference  may  also  be  made  here  to  a poison  fotmd  by  van  de  Velde  in 
staphylococcus  cultures,  and  still  more  markedly  in  the  fluid  of  the 
pleural  e.xudation  of  animals  dead  of  staphylococcus  infection.  This 
poison  has  the  properties  of  killing  leucocytes  in  a few  minutes,  and  has 
been  named  leucocidin.  It  evidently  might  play  an  important  part  in 
the  pathogenetic  action  of  the  bacterium  producing  it.  The  observations 
of  Denys  and  van  de  Velde  (85),  that  an  antileucocidin  can  be  produced, 
prol)aldy  justifies  us  in  including  it  in  this  group  of  poisons. 

{(3)  The  Snake- Poisons. — The  most  complex  of  all  the  crude  toxins  of 
this  group  are,  however,  met  with  amongst  the  snake-venoms.  Dr.  C.  J. 
Martin  (220)  has  summarised  our  knowledge  of  the  subject  by  saying 
that  different  venoms  have  been  found  to  contain  one  or  more  of  the 
following  poisons  : — A fibrin  ferment ; a neurotoxin,  vdth  in  m.any  cases 
a special  affinity  for  the  cells  of  the  respiratory  centre  ; a neurotoxin,  with 
an  affinity  for  nerve-endings  in  muscle,  especially  those  of  the  diaphragm  ; 
various  Ijodies  capable  of  dissolving  cells  (cytolysins),  e.g.  red  blood-cells, 
endothelium  of  vessels  (causing  hsemorrhages),  leucocytes,  nerve-cells,  and 
cells  of  many  other  tissues  (each  cell  being  probably  acted  on  by  a special 
toxin)  ; an  anti-bactericidal  body ; a body  preventing  the  action  of  fibrin 
ferment ; a body  causing  red  blood-cells  to  adhere  in  clumps  (agglutinin) ; 
a proteolytic  ferment ; a body  causing  systolic  standstill  of  the  isolated 
heart.  Every  venom  does  not  contain  all  these  poisons,  and  the  propor- 
tions in  which  the  elements  occur  varies  very  much  in  different  snakes. 
This  largely  accounts  for  the  difference  in  effects  produced  by  the  bites  of 
different  snakes.  Nearly  all  venoms  contain  the  neurotoxic  elements, 
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which  are  probably  in  nearly  all  snakes  the  most  important  poisons 
present,  and  are  most  frequently  the  cause  of  death  in  snake-bite  (174). 
The  poisons  causing  thrombosis  are  also  very  important.  The  htemolytic 
poisons  are  widespread  in  their  distribution,  though  the  amount  present 
in  different  venoms  varies  greatly.  It  has  been  shewn  by  Nowak  that 
when  death  does  not  occur  for  some  little  time  after  snake-bite,  serious 
degeneration  of  the  solid  organs  may  occur,  of  which  the  most  charac- 
teristic is  a grave  fatty  degeneration  of  the  liver. 

For  further  information  as  to  the  actions  of  particular  venoms  the 
reader  is  referred  to  the  article  on  “ Snake-bite,”  Vol.  II.  Part  II.  Here  it 
need  only  be  said  that  the  neurotoxic  poisons  are  probably  in  constitution 
clearly  related  to  the  diphtheria  or  tetanus  poisons,  while  in  at  any  rate 
certain  of  the  hremolytic  poisons  a complexity  has  been  discovered  which 
vill  be  considered  under  the  subject  of  immunity  along  with  other 
scientific  points  relating  to  the  nature  of  toxins.  In  conclusion,  it  may 
here  be  stated  that  many  of  the  snake-poisons  are  much  more  resistant 
to  heat  than  the  bacterial  poisons  of  the  same  group ; and,  further,  that 
generally  speaking  no  incubation-period  is  noticeable. 

The  scorpion-poisons,  there  is  no  doubt,  are  members  of  the  diphtheria 
group  of  poisons,  and  according  to  some  results  must  be  closely  allied  to 
the  snake-venoms.  Their  properties  have  been  investigated  by  Dr.  W.  H. 
Wilson,  who  has  shewn  that  they  have  chemical  characteristics  similar  to 
those  of  the  other  toxins  under  consideration.  Like  many  snake-poisons 
they  are  not  easily  destroyed  by  heat,  and  withstand  boiling  for  some 
minutes.  The  sj^mptoms  produced  by  their  injection  into  animals  are 
tAvitching,  lacrimation,  salivation,  and  apparent  paralysis,  terminating  in 
asphyxia.  The  effects,  so  far  as  the  muscular  system  is  concerned,  are 
produced  by  an  action  not  on  the  central  nervous  mechanism,  but  on  the 
peripheral  nerve-endings.  There  is  an  increase  of  excitability  to  direct 
stimulation,  and  an  increase  of  the  extent  of  contraction,  with  ultimately 
an  apparent  paralysis  due  really  to  fatigue.  In  accidental  bites  of  man, 
above  the  age  of  15,  a fatal  issue  is  rare,  but  in  children  death  residts  in 
60  per  cent  of  the  cases.  The  symptoms  resemble  the  effects  of  artificial 
inoculation,  namely,  salivation,  hallucinations,  comuilsions,  weak  pulse, 
gradually  passing  off  in  cases  in  which  recovery  oecurs,  or  succeeded  bj^ 
coma  if  a fatal  issue  is  threatened.  Dr.  Wilson  found  no  evidence  that 
hiemolytic  or  fibrin-forming  ferments  were  present  in  the  venom.  Im- 
munity can  be  artificially  developed  against  the  toxin,  and  this  appears 
to  be  accompanied  by  antitoxin-formation.  Calmette  (63)  was  of  opinion 
that  the  .scorpion-poisons  were  closely  allied  to  the  snake-poisons  in  that 
the  senim  of  a rabbit  immunised  against  coVwa-poison  protected  a guinea- 
pig  against  the  fatal  effects  of  the  former  toxin.  This  point  requires 
further  investigation. 

Thus  the  snake-venoms  and  scorpion-poisons  have  very  close  relation- 
ships with  the  specific  bacterial  poi.so;is,  and  it  is  very  probable  that 
many  other  animal  j)oisons  present  a similar  kinship.  It  is  stated  by 
hanger  M 78)  that  bee-keepers  may  develop  immunity  against  the  sting  of 
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the  bee,  and  Sachs  (299)  investigated  a hajmolytic  poison  separated  from 
the  common  garden  spider,  Epeira  diadema,  and  found  that  an  antitoxic 
serum  can  be  developed  against  it.  There  is  little  doubt  that  the  toxic 
hsemolytic  properties  of  the  serum  of  the  eel,  as  described  by  Mosso  (249), 
are  traceable  to  toxins  of  this  group.  Possibly  other  poisons,  such  as 
those  occurring  in  fishes  and  in  the  cutaneous  secretions  of  amphibia,  are 
of  the  same  order,  but  further  investigation  is  here  necessary. 

(y)  ^^ayetahle  Toxins. — With  regard  to  the  vegetable  toxins,  ricin  and 
abrin,  the  interest  is  chiefly  scientific,  though  cases  of  poisoning  from  eating 
castor-oil  beans  are  recorded.  The  symptoms  produced  ai’e  great 
intestinal  irritation,  with  sanguineous  vomiting  and  diarrhoea,  and  fall  of 
temperature,  and  the  local  injection  of  the  substances  causes  intense 
irritation.  Ehrlich  (98)  shews  that  ricin  can  agglutinate  red  blood- 
corpuscles,  and  that  antitoxins  can  be  jJi’oduced  against  both  ricin  and 
abrin. 

We  thus  see  that  there  exists  a group  of  iroisons  presenting  certain 
similar  characters,  of  which  the  most  striking  is  the  capacity  readily  to 
stimulate  the  formation  of  antitoxins.  They  all  tend  to  have  special 
actions  on  the  body-cells,  the  cells  of  the  nervous  system  and  of  the  blood 
being  the  most  sensitive  to  this  special  tj'pe  of  toxin.  The  probable  consti- 
tutions of  these  toxins  will  be  considered  when  the  subject  of  immunity 
is  dealt  with.  No  clearer  idea  is  obtained  by  speaking  of  them  as 
ferments,  for  nothing  is  known  about  the  nature  of  ferments.  As  we 
shall  see  later  for  similar  bodies,  there  is  evidence  that  a definite 
quantitative  relationship  exists  between  the  amount  of  toxin  acting  and 
the  degree  of  effect  produced. 

(i)  The  Intracellular  Toxins. — We  now  pass  to  consider  the  intra- 
cellular toxins,  or  endotoxins  as  they  are  sometimes  called.  The  appli- 
cation to  pathogenetic  bacteria  generally  of  the  filtering  methods 
employed  with  the  diphtheria  bacillus,  led  to  the  discovery  that  in  many 
cases  it  was  not  possible  to  separate  toxic  filtrates  from  ordinary  bouillon 
cultures.  Sometimes  the  filtrate  was  non-toxic,  sometimes  very  large 
doses  (as  compared  with  the  usual  pathogenetic  doses  of  the  extracellular 
toxins)  had  to  be  administered  in  order  to  produce  an  effect.  Usually 
the  filtrates  from  old  cultures,  or  cultures  killed,  say,  at  60  C.  and 
allowed  to  macerate,  were  more  toxic  than  filtrates  from  young  cultures. 
From  these  last,  how^ever,  more  toxic  filtrates  have  been  obtained  by  treat- 
ing them  with  ammonium  sulphate  to  saturation  before  filtration.  The 
fact  that  whenever  there  was  evidence  that  breaking  up  of  the  bacterial 
protoplasm  had  occurred  there  was  an  increase  of  toxicity  of  the  filtered 
fluid,  favoured  the  conclusion  that  under  the  ordinary  culture  conditions 
the  endotoxins  did  not  readily  leaA'e  the  bacterial  protoplasm.  This  led 
to  the  employment  of  the  fluid  decanted  from  cultures  killed  by  chloio- 
form,  or  heat  at  60°  C.,  in  which,  after  the  death  of  the  bacteria,  a 
time  was  allowed  to  elapse  for  the  cells  to  macerate  and  break  up  in 
the  remains  of  the  culture  medium.  In  some  instances,  in  order  to 
study  the  effects  of  such  toxins,  merely  the  bodies  of  the  bacteria  killed 
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by  chloroform  or  heat  at  60°  C.  are  employed.  Various  modifications  of 
I these  methods  have  been  used.  Thus  the  intracellular  toxins  of  the 

1 tubercle  bacillus  were  obtained  in  the  prejxiration  of  Koch’s  original 

[ tuberculin  (tuberculin-0)  by  the  concentration  by  evaporation  of  a 

t glycerin-bouillon  culture  after  the  bacilli  had  been  killed  by  boiling.  The 

pre2xiration  was  ])ractically  a glycerin  extract  of  the  bacilli.  The  second 
« tuberculin  j^reparation  (tuberculin-E)  was  obtained  by  grinding  uj^  the 

■ dried  bodies  of  the  bacilli  in  an  agate  mill,  treating  with  distilled  water 

and  centrifugalising.  The  deposit  was  again  ground  up,  treated  with 
i water,  and  centrifugalised.  This  was  rejDeated,  and  all  the  washings 

* except  the  first  were  mixed  and  formed  the  tuberculin-E.  This  fluid 

thus  contained  certain  of  the  endotoxins,  and,  according  to  Koch,  con- 
tained the  elements  in  the  bacilli  which  were  insoluble  in  glycerin. 
Again,  the  intracellular  toxins  of  the  typhoid  bacillus  have  been  obtained 
by  grinding  up  the  organisms  with  solid  air,  and  exjrressing  the  fluids  b}' 
hydiaulic  jn'essure  (IMacfadyen  and  Eowland  (194)). 

To  turn  to  the  nature  and  jsroperties  of  the  intracellular  toxins  Ave 
note  that  endotoxic  filtrates  have  been  treated  Avith  alcohol  or  ammonium 
sulphate,  and  toxic  j^i’ecipitates  haA'e  been  jJi’oducecl,  so  that,  as  Avith  the 
extracellular  poisons,  Ave  are  probably  dealing  either  Avith  j^roteid  bodies 
or  Avith  bodies  entangled  in  proteid.  Generally  s^Aeaking,  the  endotoxins 
are  not  so  sensitive  to  heat  as  the  extracellular  j^oisons,  and  in  many 
cases  they  can  be  boiled  for  a considerable  time  Avithout  much  injury 
(Wassermann  (342),  Marmorek  (214)).  It  is  right  here  to  say  that  these 
so-called  endotoxins  may  be  substances  AAEich  have  no  essential  relation- 
ship to  the  pathogenicity  of  a bacterium.  This  vieAv  Avas  held  by 
Buchner  (53),  AA-ho  by  treating  bacterial  cultures,  many  of  them  of  non- 

I pathogenetic  species,  in  various  AA-ays  extracted  from  them  substances 

I which  he  called  proteins,  and  Avhich  had  feA^er-jAroducing  effects  similar  to 

r those  of  tlie  endotoxins.  These  results  might  Avith  advantage  be  confirmed 

I in  the  light  of  modern  knoAvledge,  but  that  pathogenicit)'^  need  not 

I necessarily  be  associated  Avith  the  action  of  endotoxins  is  indicated  by  Dr. 

\ Klein’s  obseiwation  (156)  that  large  amounts  of  anthi’ax  and  dijAhtheria 

[ bacilli  killed  by  heat  can  be  injected  into  an  animal  Avithout  jAroducing 

I any  effect.  It  is  probably  of  importance  to  note  that  the  crude  toxins 

I may  contain,  besides  the  endotoxins  and  bodies  derived  from  the  media, 

I other  constituents  of  the  bacterial  protoiAlasm  Avhich,  though  non-toxic, 

I may'  yet  have  some  bearing  on  certain  reactions  Avhich  occur  in  the  pro- 

( ces.ses  of  immunisation.  These  additional  constituents  may  play  a jAart  in 

* .stimulating  the  jjroduction  in  an  immune  animal  of  sul)stances  Avhich  are 

K inimical  to  bacterial  life. 

‘ The  fjemral  jiatliolo/jiral  ej/ect  jiroduced  in  animals  by  the  injectiiAii  of 

the.se  endoto.xiri.s  is  to  set  uja  the  non-specific  alterations  in  metal lolism 
(e.f/.  fever,  etc.)  characteristic  of  the  action  of  the  bacteria  themselves. 

I In  contna^listinction  to  Avhat  holds  good  in  the  extracellular  toxins,  there 
is  no  eA’idence  from  animal  exjAcriment  of  the  occurrence  of  a jAcriod 
of  incubfition  ; the  morbid  effects  folloAv  almost  immediately  on  their 


I 


44 


SYSTEM  OF  MEDICINE 


introduction  into  the  body.  Artificial  inoculation  rarely  reproduces  anv  of 
the  special  characters  of  an  infectious  disease  occurring  naturally.  Thus 
injection  of  the  toxins  of  the  B.  tjiphomis  produces  an  acute  illness  of 
comparatively  short  duration,  quite  unlike  the  ordinary  natural  disease. 
This,  of  course,  may,  however,  be  due  to  the  difference  in  the  dosage 
of  the  artificially  formed  toxin  as  compared  with  what  happens  in  natural 
infections.  A most  important  question  is  whether  in  any  case  these 
endotoxins  can  stimulate  the  formation  of  substances  of  the  nature  of 
antitoxins.  This  point  will  be  dealt  with  in  the  discussion  of  the  subject 
of  immurdty. 

It  is  proper  here  to  refer  to  the  special  case  of  endotoxin  action 
occurring  in  what  is  known  as  the  tuberculin  reaction.  Koch,  working 
at  tuberculosis,  observed  that  if,  into  a guinea-pig  already  suffering  from 
a local  tuberculosis,  a fresh  quantity  of  tubercle  bacilli  be  injected 
ulceration  of  the  first  lesion  takes  place ; if  the  tuberculin-0,  prepared 
from  dead  bacilli  as  above  indicated,  were  used,  then  the  lesions  might 
undergo  cure  after  the  occurrence  of  ulceration.  The  view  Koch  took 
of  what  happened  was  that  at  the  focus  of  tuberculous  activity  the  bacillus 
was  producing  toxins  causing  slow  death  of  the  surrounding  parts.  The 
injection  of  the  tuberculin,  by  introducing  fresh  toxins  into  the  animal, 
caused  a sudden  concentration  of  the  poison  at  the  site  of  the  infection,  so 
that  the  cells  already  depressed  were  killed  outright,  and  being  cast  off 
by  the  ulcerative  process,  carried  with  them  the  living  tubercle  liacilli  of 
which  the  animal  body  was  thus  freed ; healing  could  then  take  place. 
In  human  tuberculosis,  the  injection  of  tuberculin  is  followed  in  a few 
hours  by  malaise,  fever,  local  redness  at  the  focus  of  tuberculous  activity, 
succeeded  by  ulceration.  This  is  the  so-called  tuberculin  reaction,  and  it  was 
used  for  therapeutic  purposes  in  human  tuberculosis.  While  good  results 
were  obtained  in  some  very  superficial  lesions,  such  as  in  lupus,  it  was  ineffi- 
cacious in  others,  and  its  application  was  not  pressed.  In  these  latter  cases 
isolated  tubercle  bacilli,  which  had  already  pa.ssed  into  the  surrounding 
tissues,  probalily  were  not  only  not  cast  off,  btit  by  the  concentration  of 
the  poison  were  placed  under  conditions  more  advantageous  for  their 
growth.  It  is  even  doubtful  whether  the  explanation  given  of  the  action 
of  the  substance  was  the  correct  one,  for  it  was  shewn  b)'^  Krehl  (171) 
and  others  that  the  tuberculin  reaction  could  be  caused  by  the  injection 
of  ordinary  albumoses,  lactic  acid,  and  other  bodies,  so  that  if  the  reac- 
tion with  tuberculin  is  caused  by  tuberculous  toxins  these  share  with 
other  substances  the  effects  they  manifest.  Moreover,  Buchner  (51) 
elicited  a tubei'culin  reaction  in  tuberculous  guinea-pigs  by  proteins  deriA'ed 
from  other  bacteria,  such  as  the  pneumococcus  and  the  n on-pathogenetic 
Micrococcus  prodigiosus.  It  cannot  be  said  that  we  are  in  a position 
to  speak  Muth  confidence  as  to  the  explanation  of  the  phenomena  of  the 
tuberculin  reaction  which  appears  in  some  way  to  be  bound  up  with  the 
obscure  problem  of  fever.  In  another  gramdoma,  namely,  glanders,  a 
reaction  of  the  same  kind  is  produced  by  an  e.xtract  of  the  B.  mallei 
called  mallein. 
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(<••'  The  Aggressins. — Allusion  has  heeu  made  to  the  possibility  that 
bacteria  may  produce  iu  the  body  toxic  substances  which  they  cannot  jiroduce 
in  artificial  cultures.  The  idea  that  bacteria  in  the  body  elaborate  materials 
which  affect  its  resisting  capacities  had  been  mooted  by  Kruse  in  1890. 
Recently  the  question  has  been  further  investigated  by  Bail  (13),  Weil, 
Kikuchi,  and  Hoke.  The  usual  method  has'  been  to  infect  an  animal 
with  an  organism  such  as  the  typhoid  bacillus,  the  dysenteiy  bacillus,  the 
tubercle  bacillus,  the  cholera  vibrio,  the  Staphylococcus  pyogenes,  and  after  death 
to  take  the  serous  exudation  which  so  often  occurs  in  the  resulting  diseases,  and 
centrifugalise  it  free  of  cells  and  relatively  free  of  bacteria.  To  this  fluid  Bail  and 
his  co-workers  give  the  name  of  the  aggressin  of  the  particular  bacterium  which 
originated  it.  They  state  that  a quantitj-  of  this  fluid,  which  by  itself  is. 
incitpable  of  originating  disease,  will  when  injected  into  ati  ajiimal  along  with  a 
quantity  of  bacteria  increase  the  pathogenetic  action  of  the  latter.  Thus  in  the 
case  of  the  tubercle  bacillus  100  mgrms.  of  a tubercle  culture  killed  a guinea- 
pig  in  18  days.  The  same  amount  with  4 c.mm.  of  tubercle  aggressin  caused 
death  in  from  22  hours  to  3 days.  According  to  Bail  these  aggressins  act  by 
paralysing  the  activities  of  cells  which  would  naturally  have  an  inimical  effect 
on  bacterial  growth.  The  further  investigation  of  these  bodies  will  be  of  great 
interest. 

In  connexion  with  the  action  of  bacterial  poisons  it  is  most  important 
to  remember  that  in  any  particular  disease  a number  of  jjoisons  may  be 
at  work.  Thus  in  a staphylococcus  infection  there  are  probably  acting 
the  intracellular  toxins,  a toxin  destroying  red  blood-corpuscles,  and  a 
poison  acting  on  leucocytes.  Complex  actions  of  this  kind  are  very 
common. 


Classification  of  B.acterla'  according  to  their  Actions 

We  may  now  classify  the  best-known  bacteria  according  to  the  modes 
of  their  pathogenetic  action  and  their  distribution  in  the  lesions  the}' 
produce. 

(1)  The  acute  infections.  Here  the  bacteria,  generally  speaking, 
when  they  gain  an  entrance  into  the  body,  produce  very  manifest  and  it 
may  be  serious  effects,  often  in  the  course  of  a few  hours, — ahvays  in  a 
few  days.  The  phenomena  originated  are  usually  those  of  acute  in- 
flammation and  degeneration,  either  focal  or  diftuse,  and,  in  the  former 
event,  if  the  bacteria  are  carried  in  sufficient  numbers  from  the  original 
site  to  other  parts  of  the  body,  similar  foci  of  pathological  change 
may  be  originated.  Phenomena  of  general  degeneration  and  general 
reaction,  .such  as  have  been  described,  may  bo  sot  up  either  by  the 
diffusion  of  intracellular  toxins  or  by  toxins  s[)ecially  formed  by 
the  bacteria  in  the  body.  Sometimes  an  acute  septicamiia,  with  a 
distribution  of  bacteria  all  over  tlic  booy,  occurs  either  with  or  without  a 
previous  local  change  at  the  site  of  inoculation. 

This  class  includes  the  SlaphylororcHs  jtifogencs  aureus,  the  Strepto- 
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COCCUS  pyogenes,  and  the  whole  class  of  organisms  associated  with 
ordinaiy  inflammations  and  supimrations,  and  usually  called  the  pyogenetic 
bacteria.  We  must,  however,  also  include  the  pneumococcus,  the  J>. 
anthracis  and  the  B.  p>cstis,  and  also  the  morbid  conditions  set  up  by  the 
artificial  inoculation  of  the  typhoid  and  cholera  organisms  in  animals. 
It  is  a question  whether  the  B.  typhosus,  when  acting  under  natural 
conditions  in  man,  should  not  be  looked  on  as  belonging  to  this  class. 
It  certainly  sets  up  acute  local  degeneration  and  inflammatory  changes  in 
the  intestine,  and  has  also  general  effects.  Its  action  must,  however,  be 
a somewhat  special  one,  for  although  after  death  the  bacilli  are  usually 
plentiful  in  the  spleen  and  also  in  the  liver,  there  are  no  changes  in  these 
organs  at  all  analogous  to  the  very  marked  local  effects  present  in  the 
intestine.  This  is  all  the  more  remarkable,  since  occasioTially  there  is  no 
other  organism  present  in  the  suppurative  foci,  for  instance  those  in 
connexion  with  bones,  which  occur  as  sequels  of  enteric  fever.  In  some 
acute  infections,  ordinarily  local,  such  as  those  set  up  by  the  gonococcus 
and  the  Diplococcus  intracellularis  meningitidis,  the  organisms  ma}'’  in 
rare  cases  pass  -from  the  primary  lesion  into  the  body  generally. 

(2)  The  chronic  infections.  The  only  difference  between  the  bacterial 
effects  here  and  those  in  the  acute  infections  is  in  the  time  which  elapses 
after  infection  before  tissue -changes  and  general  effects  are  manifest. 
Usually  the  vascular  changes  present  in  acute  inflammations  are  to  a 
large  degree  absent,  and  the  cellular  degenerations  of  a rapid  kind,  such 
as  acute  necrosis,  karyorrhexis,  are  replaced  by  more  slowly  developing 
interferences  with  vitality,  such  as  fatty  degeneration,  hyaline  degenera- 
tion, and  so  forth.  The  reactive  changes  of  the  htemic  leucocytes  may 
often  not  be  marked  in  the  early  stages,  whereas  the  proliferation  of 
cells  more  related  to  the  fixed  tissues,  e.g.  the  plasma-cells,  may  early 
occur ; sometimes  an  actual  formation  of  new  connective  - tissue 
takes  place.  The  ty^sical  representatives  of  the  chronic  infections 
are  the  so-called  infective  granulomata,  tuberculosis,  actinomycosis, 
Madura  foot,  leprosy,  glanders.  The  chief  site  of  multiplication  of  the 
causal  bacteria  is  in  the  lesions,  especially  in  their  central  parts.  From 
the  original  site  of  infection  the  bacteria  may  spread  by  the  lymphatics 
or  blood-stream  and  j^roduce  fresh  foci.  The  course  of  the  infection  can 
often  be  traced  after  death  by  the  relative  degrees  of  advance,  especially 
in  degenerative  processes  manifested  in  different  foci.  In  the  chronic 
infections  general  changes,  here  again  of  a slowly  developing  character, 
such  as  fatty  and  lardaceous,  may  occur.  The  line  of  demarcation  be- 
tween acute  and  chronic  infections  is  artificial.  In  several  cases  an  acute 
infection  may  be  set  up  by  an  organism  usually  acting  slowly.  Thus  in 
glanders  in  man,  an  infection  characterised  by  acute  inflammation  may 
occur  either  as  the  terminal  phase  of  a chronic  condition  or  in  an  acute 
form  from  the  outset. 

(3)  The  bacterial  intoxications.  The  usually  quoted  examples  of 
these  in  man  are  diphtheria  and  tetanus.  In  both  diseases  the  main 
effects  are  brought  about  by  the  absorption  from  a focus  of  bacterial  growtli 
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of  soluble  toxins  with  a specific  action.  The  area  of  bacterial  invasion  is 
strictlj'  local,  and  the  micro-organisms  do  not  gain  access  to  the  body 
tissues  under  any  natural  conditions.  Though  the  chief  effects  of  the 
diphtheria  bacillus  are  due  to  toxic  action,  there  is  also  a local  inflammatory 
condition  which  is  fundamentally  of  an  ordinary  character.  To  this  class 
of  disease  cholera,  as  it  occurs  in  man,  probably  belongs,  since  the 
bacteria  are  confined  to  the  intestine  and  appear  to  produce  their  effects 
bv  toxic  action.  It  is  also  probable  that  the  main  action  of  the  influenza 
bacillus  is  toxic,  though  of  coimse  there  is  a local  reaction  in  the  respira- 
tory passages. 


III.  Immunity 

Introduetopy.  — On  investigating  the  properties  of  pathogenetic 
bacteria  it  very  soon  becomes  apparent  that  there  are  no  bacteria  which 
in  all  circumstances  will  produce  disease  in  all  species  of  animals  or  even 
in  all  inditdduals  of  a species.  This  phenomenon  occurs  quite  apart  from 
the  Autal  activity  of  the  germ.  When  an  animal  species  is  infected  with 
an  organism  but  does  not  develop  disease,  that  species  is  said  to  shew 
immunity  against  the  organism.  Immunity  of  individuals  belonging  to 
an  otherwise  susceptible  species  is  also  exhibited.  It  must  further  be 
recognised  that  there  are  degrees  of  immunity,  both  in  individuals  and 
species.  In  fact,  we  shall  later  have  to  consider  whether  such  a condition 
as  an  absolute  immunity  exists. 

It  is  customary  to  speak  of  immunity  as  it  is  found  in  ordinary  con- 
ditions as  natural  or  acc[uired.  The  idea  of  a natural  immunity  arises 
from  a consideration  of  the  epizootic  incidence  of  infectious  disease. 
Thus,  while  some  diseases  such  as  anthrax,  glanders,  and  tuberculosis, 
affect  many  species  of  animals,  other  infections  are  more  limited  in  their 
distribution.  Cholera  and  typhoid  fever,  found  in  man,  do  not  affect  the 
lower  animals ; and  foot-and-mouth  disease  and  swine  fever  are  found 
among  species  of  domestic  animals,  but  not  in  man.  Again,  the  existence 
of  an  acquired  immunity  has  long  been  known.  Immunity  is  ordinarily 
acquired  as  the  result  of  a susceptible  individual  passing  through  an 
attack  of  a disease.  As  we  shall  see,  there  is  reason  to  believe  that  in 
many  cases  recovery  from  infection  depends  on  an  individual  developing 
certain  qualities  in  his  body  during  the  course  of  his  illness.  These 
qualities  determine  the  cessation  of  the  pathogenetic  action  of  the  bacteria 
and  also  re.sult  in  the  death  of  these  bacteria.  Thus,  in  many  cases,  it  is 
no  doubt  true  that  at  the  close  of  an  illness  an  individual  is  immune. 
The  duration  of  the  ac(iuired  immunity,  however,  probabl}'  varies ; 
in  some  case.s,  as  in  streptococcus  infection,  pneumonia,  influenza, 
and  in  some  individuals  in  diphtheria  and  measles,  the  immunit}*  is 
short-lived,  and  it  is  questionable  whether  in  some  cases  it  may  not  be 
succeeded  by  a greater  su-sceptibility.  In  other  dise<ases,  as  scarlet  fever, 
smallpox,  and  enteric  fever,  immunity  usually  endures  for  life.  In 
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certain  cases  the  apj^arent  persistence  of  immunity  may  be  complicated 
by  the  natural  decrease  of  susceptibility  which  occurs  in  advancing  age ; 
but  that  this  may  not  be  the  sole  cause  is  shewn  by  the  experience  tliat 
in  the  case  of  some  diseases,  such  as  smallpox  and  typhus  fever,  an 
unprotected  individual  manifests  susceptibility  till  at  any  rate  very'late 
in  life.  ^ 

The  interest  of  medical  science  in  the  subject  may  be  said  to  date 
from  the  introduction  into  England,  about  1720,  by  Lady  Mary  Montagu, 
of  the  practice  of  inoculating  healthy  individuals  inth  exudations  from 
smallpox  pustules.  Edward  Jenner’s  thoroughly  scientific  Investigation 
in  1798  of  the  protective  power  against  smallpox  in  man  produced  by 
a mild  non-infectious  attack  of  vaccinia  forms  the  starting-point  of  all 
recent  work  on  the  subject.  Jenner’s  i>apers  appeared  in  the  closing 
years  of  the  eighteenth  century,  but  it  was  not  till  eighty  years  later  that 
any  further  advance  was  made.  The  proof  of  the  bacterial  origin  of 
many  infectious  conditions  cleared  the  way  for  more  precise  research, 
and  it  was  Pasteur  who  now  broke  new  ground.  In  investigating  an 
epidemic  disease  of  fowls — known  as  fowl  cholera — he  found  that  if 
animals  were  inoculated  with  attenuated  cultures  and  subsequently  with 
ordinary  cultures  they  no  lo)iger  succumbed  to  the  disease — the}'-  were 
immune.  This  work,  published  in  1880,  forms  the  starting-poiiit  of  all 
subsequent  investigation. 

The  subsequent  historical  landmarks  are  the  vaccination  against 
anthrax,  also  discovered  by  Pasteur,  the  pi-inciple  of  which  was 
immunisation  by  cultures  weakened  and  rendered  asporogenous  by 
growth  at  42°  C.  ; the  elaboration  by  Pasteur  of  the  protective  inocula- 
tion against  the  unknown  cause  of  hydrophobia,  in  which  the  virus 
existing  in  the  sjunal  cord  is  attenuated  by  drying ; and  the  introduction 
by  Behring  of  the  method  of  neutralising  the  poison  of  diphtheria  by  an 
antitoxic  serum. 

Immunity,  Active  and  Passive. — There  is  lio  subject  in  medical 
science  which  presents  greater  difficulty  than  the  problem  of  immunity. 
This  is  explained  partly  by  the  inherent  complexity  of  the  matters  at 
issue,  partly  by  the  lack  of  sufficient  pains  in  defining  clearly  the 
relationships  of  any  jjarticular  line  of  investigation  to  general  j^i’inciples, 
and  partly  because  the  problems  have  been  attacked  from  so  man}'  sides 
that  the  relations  of  the  particular  to  the  general  have  often  not  been 
evident.  Further  complication  has  arisen  because  investigations  had  not 
proceeded  very  far  before  facts  with  most  important  therapeutic  applica- 
tions emei’ged.  It  was  found  in  certain  cases,  Avhen  an  animal  acquired 
immunity  against  a disease  manifestation  by  passing  through  an  infection 
or  infections  with  the  causal  agent,  that  the  acquisition  of  immunity  was 
associated  with  the  development  of  new  qualities  in  its  blood-serum.  If 
this  serum  were  introduced  into  the  body  of  another  susceptible  animal,  the 
latter  shewed  a loss  of  susceptibility  to  infection.  In  such  circumstances 
the  immunity  of  the  first  animal  is  spoken  of  as  active,  or  sometimes  as 
isojyathic,  immunity,  because  it  is  by  some  process  going  on  in  the  animal’s 
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own  body  that  the  immunity  is  developed  ; the  immunity  in  the  second 
case  is  called  jxissitr  immunity,  because  the  animal  does  not  depend  for  its 
insusceptibility  to  infection  on  the  activit}"  of  its  OAvn  tissues.  The  thera- 
peutic application  of  passive  immunity  lay  in  the  discovery  that  even  after 
infection  had  taken  place  the  introduction  of  serum  from  an  immune 
animal  may  prevent  the  fatal  conclusion  of  the  illness  which  otherwise 
might  be  expected.  For  these  therapeutic  applications  of  the  results 
of  immunity  investigations  it  was  necessary,  for  reasons  that  will  be 
explained  later,  to  endow  animals  with  an  immunity  of  an  extraordinary 
and  excessive  degree.  Study  of  the  phenomena  of  such  excessive 
immunisations  has  not  always  resulted  in  a proper  ai^preciation  of  the 
true  relationships  existing  between  this  abnormal  immunity,  as  it  might 
be  called — of  an  immunity  outside  the  personal  requirements  of  the 
immunised  animal — and  the  normal  immunity  such  as  protects  an  animal 
for  the  whole  or  a part  of  the  natural  term  of  its  OAvn  life. 

The  Problems  of  Immunity. — In  connexion  with  the  essential  points 
requiring  explanation  under  the  heading  of  immunity  the  following 
considerations  arise.  In  a very  large  number  of  cases  in  which  bacteria 
gain  a footing  in  the  animal  body  and  cause  changes  in  it,  their  growth 
is  not  unlimited  but  comes  to  an  end ; recoA'ery  from  bacterial  disease  is, 
in  fact,  a very  common  occurrence.  In  almost  no  case  does  it  haj^pen 
that  when  one  bacterial  cell  gains  entrance  to  the  body  death  will 
invariably  follow,  though  occasionally,  as  in  some  strains  of  streptococci 
obtained  by  -Marmorek  (214),  this  appears  to  have  occurred.  Usually 
bacteria  flourish  in  the  bodily  tissues  for  a time  and  then  die.  In 
artificial  cultures,  where  the  same  phenomenon  occiu’s,  a bacterium  hardly 
ever  uses  up  all  the  available  food  material,  but  secretes  poisons  Avhich 
ultimately  destroy  its  own  vitality.  If  the , filtrate  of  a fluid  medium 
on  which  an  organism  has  been  allowed  to  grow  for  a short  time  be 
inoculated  with  the  same  organism  very  often  no  new  growth  occurs. 
Attempts  have  been  made  by  Emmerich  and  Low  (117)  to  explain  some 
of  the  phenomena  of  immunity  on  the  supposition  that  a similar 
destruction  of  bacteria  by  their  own  products  may  occur  in  the  animal 
lx>dy.  Not  only,  however,  is  the  evidence  for  this  view  insufficient,  as 
has  been  shewn  by  Dr.  Petrie  (269),  but  there  is  overwhelming  evidence 
that  the  reason  for  the  cessation  of  bacterial  activity  in  the  animal  body  is 
to  be  found  in  the  counter-activities  of  the  tissue-cells.  The  first  prol)lem 
of  immunity  to  be  dealt  with  concerns  tlie  phenomena  of  recovery  from 
bacterial  disease.  These  phenomena  are  exceedingly  complicated.  As 
already  pointed  out,  bacteria  chiefly  act  as  disease-producing  agents  in 
virtue  of  the  production  of  poisons.  Now  it  is  evident  that  the  effects 
of  bacterial  action  might  be  combated  either  by  the  l)od}-  neutralising 
the  poi.sons  prrxluced  or  by  its  killing  the  bacteria  that  manufacture  tlicse 
I>oison3,  and  thus  cutting  off"  the  source  of  the  danger.  As  a matter  of 
fact,  the  body  can  provide  substances  caj/ablc  of  neutralising  some  of  tlie 
fjoisons  profluced  by  bacteria.  What  relative  part  the  two  capacities 
play  in  recovery  in  any  particular  case  is  a very  diflietdt  question.  The 
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next  131-oblem  that  presents  itself  is  the  explanation  of  the  fact  that  when 
an  animal  passes  successfully  through  a bacterial  attack  it  acquires  a 
capacity  of  partially  or  entirely  resisting  future  invasion  by  the  htacteria 
involved,  so  that,  for  instance,  when  the  same  number  of  bacteria  which 
formerly  caused  disease  are  introduced  into  its  body  no  pathological 
effects  result.  As  a subsidiary  problem  here  we  have  to  explain” the 
mechanism  involved  when  the  serum  of  an  actively  immunised  animal 
protects  another  animal  against  infection.  Finally,  we  must  consider 
those  cases  in  which  an  animal  seems  naturally  to  possess  a degree  of 
immunity  that  anothei’  animal  has  to  accjuire,  and  also  whether  such 
natural  immunity  is  ever  absolute.  The  main  problems  for  consideration, 
therefore,  are  : — 

(1)  The  phenomena  of  recovery  from  disease. 

(2)  The  phenomena  of  acquired  immunitv. 

(«)  Of  active  acquired  immunity. 

(i)  Of  passive  acquired  immunit3^ 

(3)  The  phenomena  of  natural  immunity. 

Underlying  these  problems  are  the  very  important  questions  relating 
to  the  essential  nature  of  bacterial  virulence  and  to  the  mechanism  of 
susceptibility  to  disease. 

In  discussing  these  problems  ive  shall,  first  of  all,  consider  in 
detail  the  capacity  of  the  liody  to  form  substances  antagonistic  to  the 
action  of  certain  bacterial  poisons ; secondly,  the  capacity  of  the  body  to 
form  substances  possessed  of  the  power  of  destroying  bacteria ; and, 
lastly,  the  prol^lem  of  the  relation  of  these  capacities  to  the  activities  of 
bodily  cells  which  can  be  microscopically  demonstrated.  Such  a review 
will  cover  practically  all  the  problems  of  immunity  enunciated. 

The  Phenomenon  of  Antitoxin-Formation 

Our  thesis  here  is  as  follows : — In  the  case  of  many  hactenal  poisons 
if  the  toxin  be  absorbed  by  the  body  of  an  animal,  and  if  after  a time  the 
animal  be  bled,  the  serum  separating  from  its  blood  is  found  to  have  the  capacity 
of  neutralising  the  jwison  used.  Such  a serum  is  called  the  antitoxin  for 
the  particular  toxin  under  consideration.  The  bacterial  toxins  against 
which  antitoxins  can  be  produced  belong  chiefly,  if  not  entirel}q  to  the 
diphtheria  group  of  toxins,  but  the  inherent  power  of  the  animal  body 
to  produce  antitoxins  has  numerous  and  far-reaching  possibilities.  Not 
only  can  poisons  stimulate  the  production  of  antidotes,  but  certain 
other  substances,  such  as  some  ferments,  when  injected  into  animals 
stimulate  the  production  of  serums  which  antagonise  their  action.  The 
study  of  antitoxin-production  by  the  diphtheria  group  of  bacterial  toxins 
constitutes  a comparatively  simple  problem,  because  the  poisons  are 
soluble  in  simple  watery  solution,  and  thus  the  investigator  can  easily 
obtain  them  apart  from  living  bacterial  protoplasm.  We  shall  see 
reason  to  believe,  however,  that  even  their  apparently  purest  form  is  still 
probably  only  a mixture  of  different  substances.  The  poisons  which 
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have  been  most  studied  are  those  produced  by  the  diphtheria  and  tetanus 
bacilli. 

Development  of  Knowledge  regarding  Antitoxins. — Many  facts 
regarding  immunity  against  soluble  bacterial  to.xins  have  long  been 
known.  The  pioneers  of  investigation  here  were  Foil  and  Bonome  (124), 
who,  in  1S89,  shewed  that  a poison  isolated  by  filtration  from  a patho- 
genetic variety  of  the  Protexis  vulgaris  (one  of  the  ordinary  putrefactive 
organisms)  produced  an  antitoxic  serum.  There  was  considerable 
controversy  at  this  time  regarding  the  method  by  which  living 
bacteria  Avere  destroyed  in  an  animal  immunised  against  the  action  of 
these  bacteria.  The  view  that  this  occurred  solely  in  the  serum  of  the 
animal  had,  as  a further  development,  supposed  the  presence  in  the  serum 
of  poisons  fatal  to  the  life  of  the  bacteria.  The  evidence  in  regard  to 
this  conception  Avas,  hoAvever,  of  a very  contradictory  character,  and 
Behring,  both  alone  (19)  and  in  conjunction  Avith  "Wernicke  (24),  turned 
to  the  study  of  the  simpler  problem  of  how  immunity  arose  against  the 
diphtheria  and  tetanus  bacilli.  Behring  and  Kitasato,  continuing 
Behring’s  preAUOus  Avork  on  the  actions  of  antiseptic  chemical  substances, 
shewed  that  the  injection  of  iodine  terchloride  had  a definite  effect  in 
preA'enting  death  in  an  animal  {e.g.  rabbit)  after  infection  Avith  tetanus 
bacilli  or  toxin ; and  Kitasato  found  that  in  such  an  animal  a tolerance 
to  the  poison  Avas  established — in  short,  the  animal  Avas  immune.  He 
further  shewed  that  if  after  repeated  toxin  injections  a little  of  the 
blood -serum  of  the  animal  Ai'ere  injected  into  a second  animal, 
this  latter  was  protected  against  an  otherAvise  fatal  infection  Avith 
tetanus.  Similar  results  Avere  obtained  by  Tizzoni  and  Cattani  (324), 
and  Behring  and  Wernicke  found  that  guinea-pigs  infected  Avith  diphtheria 
bacilli  and  treated  Avith  iodine  terchloride  could  by  procedures  similar 
to  those  of  Kitasato  be  rendered  immune  to  diphtherial  infection.  Thej^ 
further  shewed  that  it  Avas  immaterial  AA'hether  the  animals  Avere  infected 
Avith  cultures  or  toxin  and  then  treated  Avith  the  iodine  compound,  or 
the  latter  was  alloAved  to  act  on  the  morbific  agent  outside  the  body 
preAnous  to  its  injection.  They  sheAved,  also,  that  in  those  animals 
immunised  against  tliphtheria  the  serum  possessed  the  property  of  protect- 
ing other  unimmunised  animals  against  infection  Avhich  otherAAuse  Avould 
have  proved  fatal.  It  AA'as  also  found  that  injection  of  the  serum  after 
inoculation,  and  even  after  the  onset  of  symptoms  of  the  disease,  might 
aA'ert  a fatal  result.  In  such  circumstances  the  longer  the  time  AAdiich 
had  elapsed  betAA-een  the  infection  and  the  application  of  the  serum  the 
greater  Avas  the  do.se  of  the  latter  necessary  for  a successful  issue. 
This  work  is  the  foundation  of  the  brilliant  results  obtained  in  the  thera- 
peutics of  diphtheria  rluring  recent  years.  The  fundamental  deduction 
made  from  the  facts  observed — a deduction  Avhich  is  still  unshaken — is 
that  in  the  blood-serum  of  an  animal  immunised  against  a liacterial  toxin 
there  appears  a substance  having  the  poAver  of  antagonising  the  toxin. 
The  serum  containing  this  substance  is,  as  avc  have  said,  knoAvn  as  anti- 
toxin. The  appearance  of  this  antitoxic  cjuality  in  an  animal’s  serum  Avas 
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Stated  by  Behring  to  be  the  cause  of  the  animal’s  immunity,  and  this  view 
is  often  put  forward.  Whether  this  is  or  is  not  justified  will  be  discussed 
later.  There  will  not  be  any  loss  in  clearness  of  conception  if  we  content 
ourselves  here  with  the  simple  assertion  that  an  antitoxic  substance 
appears  in  the  serum  of  an  immunised  animal.  This  antitoxic  substance, 
further,  is  capable  of  neutralising  both  inside  and  outside  the  body  the 
toxin  which  caused  its  formation.  It  may  also  be  stated  here  that  an 
antitoxin  is  only  capable  of  neuti’alising  the  toxin  which  stimulated  its 
production. 

The  obtaining  of  Therapeutic  Serums. — The  fact  that  enormous 
doses  of  antitoxin  must  often  be  given  has  made  it  necessary  that  serums 
of  extraordinary  antitoxic  power  should  be  prepared,  in  order  that  the 
amount  of  antitoxin  to  be  used  should  be  contained  in  an  amount  of 
serum  which  it  is  safe  to  inject.  Such  serums  are  obtained  by  the 
abnormal  immunisations  to  which  reference  has  already  been  made. 
These  immunisations  are  outside  the  requirements  of  the  animal  im- 
munised, and  are  correlated  to  the  necessities  of  another  animal. 


An  idea  of  the  procedures  employed  can  best  be  obtained  by  the  description 
of  the  immunisation  of  a horse  as  given  by  Eoux  (292). 


1st  day.  Subcutaneous  injection  of  -25  c.c.  diphtheria  toxin  exposed  for  a 
short  time  to  the  action  of  ‘025  c.c.  Gram’s  solution  of  iodine. 

2nd  day.  Subcutaneous  injection  of  5 c.c.  toxin  exposed  to  '05  c.c.  of  iodine 
solution. 

4tb,  6th,  8th  days.  Subcutaneous  injection  of  1 c.c.  toxin  exposed  to  '1  c.c. 
of  iodine  solution. 

17th  day.  Subcutaneous  injection  of  '25  c.c.  crude  toxin. 

22  nd  day. 

23rd  day. 

25th  day. 

28  th  day. 

30th,  32nd,  34th  days. 

39th,  41st  days. 

43rd,  46tb,  48tb,  50th  days. 

53rd  day 


1 
2 

I)  3 ,, 

b ,, 

Subcutaneous  injection  of  5 c.c.  crude  toxin. 

10 

30  ,, 

60 


57th,  63rcl,  65tb,  67th  days. 
72nd  day. 

80th  day. 


>> 

J) 

J) 

JJ 


60 

90 

250 


The  toxin  used  was  such  that  1 c.c.  killed  a guinea-pig  of  500  grammes  in 
fortj'-eight  hours.  This  horse  yielded  a serum  of  by  no  means  great  antitoxic 
power  as  compared  with  others  that  have  been  obtained. 


It  is  customarj'  to  use  largo  animals,  such  as  the  horse,  in  the  im- 
munisation procedures  for  the  purposes  of  obtaining  therapeutic  serums,  .vs 
of  course  large  quantities  of  serum  can  thus  be  readily  obtained.  All  horses 
do  not  react  in  the  same  way  to  toxins,  and  sometimes  animals  are  met 
with  which,  while  tolerating  large  doses  of  toxin,  do  not  yield  a highly 
antitoxic  serum.  Great  judgment  and  experience  are  .always  required  in 
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determining  the  size  of  successh'e  doses  of  the  toxin.  Not  only  may  the 
animal  be  killed  by  too  large  a dose  of  toxin,  but  too  marked  a reaction 
may  interrupt  the  course  of  the  antitoxin  der^eloiDment.  During  the 
immunisation  the  antitoxic  strength  of  the  serum  is  tested  by  the 
removal  from  time  to  time  of  small  quantities  of  blood.  When  a 
suthcientlv  high  antitoxic  value  has  been  attained,  the  animal  is  bled 
to  the  limits  of  safety  from  the  jugular  vein,  and  the  serum  is  separated 
under  aseptic  precautions.  The  animal  is  allowed  a few  months  to 
recover,  and  the  immunisation  process  may  be  repeated  again  and  again. 
The  course  of  the  development  of  antitoxin  in  an  animal  during  a period 
of  toxin  injection  has  been  studied  b}^  several  observers,  particularly  by 
Salamonsen  and  Madsen  (301).  Generally  speaking,  it  may  be  said  that 
a toxin  injection,  or  a series  of  toxin  injections,  cause  in  the  course  of  a 
few  days  a rapid  rise  in  the  amount  of  antitoxin  in  the  serum,  which  is 
succeeded  bv  a very  gradual  fall.  If  during  the  rise  a fresh  toxin 
injection  be  practised  there  is  often  a sudden  drop  in  the  antitoxic  value 
of  the  serum.  This  is  not  entirely  explained  by  supposing  that  the 
toxin  injected  enters  into  chemical  combination  with  the  antitoxin 
present  in  the  blood  and  thus  causes  the  latter  to  appear  weak  in  anti- 
toxic content ; it  can  be  shewn  by  exact  measurements  that  this  does 
not  account  for  the  drop,  which  is  therefore  jjrobably  due  to  interference 
with  the  production  of  antitoxin.  The  phenomenon  is  sometimes  referred 
to  as  the  occurrence  of  a negative  phase.  After  the  sudden  drop  the  anti- 
toxic value  of  the  serum  often  rises  rapidly  to  a level  higher  than  the 
preGous  maximum.  Similar  reactions  may  recur  with  successive  injec- 
tions, but  in  any  animal  the  capacity  for  antitoxin-production  is  limited, 
and  a time  comes  when  fresh  injection  of  toxin  is  either  not  followed 
by  a rise  in  the  antitoxic  value  of  the  serum,  or  may  be  followed  by  a 
tendency  to  a rapid  fall.  It  is  just  before  this  point  is  reached  that 
the  animal  ought  to  be  bled,  and  it  is  in  the  recognition  of  the  time  at 
which  the  greatest  result  is  obtainable  that  the  skill  of  the  immttniser 
lies.  With  regard  to  the  duration  of  an  antitoxic  value  in  the  serum  of 
an  actively  immunised  animal,  an  important  point  has  been  raised.  It 
has  been  stated  that  the  duration  is  much  longer  than  is  the  case  when 
an  animal  is  merely  passively  immunised.  Behring  (17)  is  of  oihnion 
that  what  has  been  observed  in  such  cases  is  explainecl  by  the  fact  that 
for  the  pfis.sive  immunisations  in  c|ue.stion  sei’um  from  another  animal 
species  has  been  employed.  If  horse-antitoxin  be  injected  into  a guinea- 
pig  or  rabbit,  the  antitoxic  value  of  the  body-fluids  of  the  latter  rapidly 
falls,  but  if  honse-antitoxin  be  injected  into  a horse  the  disappearance  of 
the  antitoxin  is  not  much  more  rapid  than  if  the  animal  b}'^  active 
immunisation  had  attained  the  same  antitoxic  value  in  its  scrum.  It  has 
been  suggested,  jjartly  from  the  last  observation,  that  better  therapeutic 
results  in  man  might  be  olitaincd  by  using  scrum  derived  from  the 
immuni.sfition  of  apes,  but  so  far  as  we  know  this  suggestion  has  not 
up  till  now  been  acted  on  (nV/r  Behring  and  Kitashima  (21)). 

Since  the  introduction  of  the  serum  treatment  ff>r  diphtheria  .and 
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tetanus  comparatively  little  change  has  taken  place  in  the  technique 
employed  in  obtaining  the  serum.  Different  workers  liave  varied  the 
details  of  the  process  of  immunisation.  Sometimes  this  has  been  com- 
menced by  the  injection  of  toxin  modified  by  iodine  terchloride, 
sometimes  by  the  iodine  solution  used  by  Roux  (292),  sometimes  no 
modification  has  been  employed,  and  small  non-lethal  doses  of  weak  toxin 
have  been  employed  in  the  early  stages.  As  time  has  gone  on,  however, 
great  precision  has  been  attained  in  the  measurement  of  the  strength 
of  toxins  used  and  the  antitoxins  produced.  The  standards  are  artificial, 
for  neither  toxin  nor  antitoxin  can  be  obtained  in  a pure  condition,  and 
thus  a gravimetric  system  cannot  be  adopted.  These  substances  can 
only  be  standardised  in  terms  of  their  toxicological  or  pharmacological 
effects. 

The  Standardisation  of  Antitoxins. — The  main  use  of  standardisation 
methods  is  in  relation  to  therapeutics,  but  as  they  are  necessary  for  exact 
scientific  work  they  must  be  described  here.  The  minimal  lethal  dose, 
which  has  already  been  referred  to  (p.  36),  is  a fundamental  factor,  and, 
as  we  have  pointed  out,  its  determination  rests  to  a certain  extent  on  an 
artificial  basis.  In  the  case  of  diphtheria  toxin  the  definition  adopted  by 
Ehi’lich  (104,  106,  115)  is  generally  acted  on.  The  M.L.D.  is  the 
amount  of  the  crude  toxin  which  will  kill  a guinea-pig  of  250  grammes  on 
the  fourth  day.  In  the  case  of  tetanus  a similar  definition  works  very  well. 
Sometimes  it  is  reckoned  in  terms  of  white  mice,  and  then  the  amount 
which  kills  a mouse  in  about  five  days  is  employed.  The  strength  of  an 
antitoxin  is  measured  in  terms  of  the  M.L.D.  The  most  widely  adopted 
method  is  that  of  Ehrlich,  who  defines  the  “immunity  unit”  as  the 
amount  of  serum  which,  when  mixed  in  vitro  with  100  M.L.D.  of  toxin 
and  injected  into  a guiue£upig  of  250  grammes,  will  prevent  death  from 
taking  place  during  the  succeeding  four  days.  When  this  amount  of 
antitoxin  exists  in  1 c.c.  of  serum  the  latter  is  called  a normal  serum. 
In  the  case  of  diphtheria  the  injection  is  made  immediately  after  the  act 
of  mixing,  but  in  that  of  tetanus  the  mixture  is  left  at  37°  C.  for  three- 
quarters  of  an  hour  before  being  used.  M e shall  see  that  there  is  little 
doubt  that  the  antagonism  between  toxin  and  antitoxin  is  a chemical 
one,  and  in  Ehrlich’s  view  the  affinity  between  the  two  substances  is  much 
stronger  in  the  case  of  diphtheria  than  in  that  of  tetanus.  Behring  (22) 
has  adopted  a different  method  of  calculation,  though  the  ultimate  value 
of  an  “ immunity  unit  ” is  identical.  The  numerical  value  of  a serum  is 
expressed  by  him  in  terms  of  the  body-weight  of  the  experimental  animal. 
Thus  a serum  which,  when  injected  into  a guinea-pig  in  the  proportion  of 
1:10,000  of  the  animal’s  body-weight,  protects  it  against  the  fatal 
action  of  100  M.L.D.  is  said  to  have  a value  of  1 : 100  x 10,000,  i.e.  of 
1 : 1,000,000  ; this  symbolism  is  also  adopted  by  Roux.  In  what  follows 
Ehrlich’s  nomenclature  will  be  mainly  employed,  and  the  two  points  here 
to  be  kept  in  vierv  are  the  conceptions  of  the  “ minimum  lethal  dose 
and  of  the  “immunity  unit.”  The  degree  of  immunisation  obtained  m 
animals  treated  for  the  manufacture  of  therapeutic  sera  may  be  judged  of 
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bv  the  fact  that  it  is  not  uncommon  to  have  a semm  vhich  in  1 c.c. 
contains  1000  “immunity  units.”  By  far  the  greatest  amount  of  work 
done  with  regard  to  immunisation  against  specific  toxins  has  been  in 
connexion  with  the  diphtheria  and  tetanus  toxins. 

The  Antivenenes. — The  most  extended  observations  with  regard  to 
other  antitoxins  are,  however,  those  which  deal  with  snake- poisons. 
Here  the  chief  workers  have  been  Calmette  (04),  Fraser  (127),  C.  J. 
^Martin  (220),  Lamb  (174n,  175),  Tidswell,  Flexner  and  Noguchi  (123). 
It  has  been  found  that  the  same  general  principles  are  applicable  in  pro- 
ducing immunity  here,  and  the  antitoxic  principles  have  been  named  by 
•Sir  T.  Fraser  “antivenenes.”  Certain  special  difficulties  have,  however, 
been  encountered.  Immunity  has  been  produced  both  in  small  animals, 
such  as  rabbits,  and  in  large  animals,  such  as  horses,  against  a great 
variety  of  snake-poisons ; of  these  the  chief  have  been  the  cobra 
(Calmette,  Lamb,  Fraser),  the  rattlesnake  (Fraser,  Flexner  and  Noguchi), 
the  Australian  snake  Hoploccphuhis  curins  (Tidswell),  Diamantena  (Fraser). 
In  some  cases  the  immunisation  has  been  commenced  with  small  doses  of 
the  venom,  in  other  cases  the  latter  has  been  first  weakened  by  heating, 
in  others  the  weakening  effect  has  been  produced  by  chemical  agents,  as 
by  hydrochloric  acid  (Flexner  and  Noguchi).  The  difficulties  in  the  way 
of  immunisation  in  some  cases  lie  in  the  complicated  composition  of 
snake -venoms,  to  which  allu.sion  has  been  made  when  dealing  with 
the  subject.  Thus,  to  take  the  rattlesnake -poison,  while  it  apparently 
is  quite  ea.S3’  to  influence  the  neurotoxic  and  htemolytic  elements,  that 
which  produces  hemorrhage  and  necrosis  (hemorrhagin)  is  difficult  to 
aflfect,  and  may  interfere  in  an  immimisation  by  making  it  impossible  to 
inject  large  doses  of  the  venom,  even  after  immunisation  against  the  other 
two  elements  has  been  considerably  manifested.  Flexner  and  Noguchi 
have,  however,  in  this  particular  case  overcome  the  difficulty  by  the  use  of 
the  hydrochloric  acid  method.  According  to  IMajor  Lamb  different  horses 
react  differently.  An  extremely  important  point  is  that  the  serum  nevei' 
attains  such  a high  order  of  potency  as  is  the  case  with  diphtheria  and 
tetanus.  In  the  case  of  cobra  poison  a strong  serum  is  one  in  which 
1 c.c.  neutralises  the  effects  of  1 milligramme  of  the  poison.  As,  for 
small  animals  (dog,  rabbit,  guinea-pig,  monkey),  the  M.L.D.  runs  from  a 
quarter  to  half  a milligramme  per  kilo.,  it  is  evident  that  such  a serum 
is  relatively  weak.  The  serums  prepared,  however,  all  have  the  power  of 
neutralising  in  vitro  the  poison  producing  them,  and  when  injected  into 
an  animal  previous  to  the  injection  of  the  venom,  the}''  prevent  the  action 
of  the  latter.  They  may  also,  if  injected  beforehand,  prevent  a fatal  etlect 
from  the  actual  bite  of  the  snake,  but  here  a difficulty  arises  in  that, 
in  the  ca.se  of  such  a snake  as  the  cobra,  an  amount  of  poison  many 
times  exceeding  the  M.L.H.  may  be  ejected  from  the  poison-gland.  A 
jK>int  of  great  interest  in  conne.xion  Avith  snake-venoms  is  this.  Is  an 
antivenene  produced  by  the  venom  of  one  snake  capalde  of  neutral- 
ising that  venom  onlv,  or  will  it  also  neutralise  the  venoms  of  other 
snakes  ? Sir  T.  F rasci’  held  the  o)iinion,  based  on  his  own  experiments. 
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that  an  antivenene  was  not  strictly  specific  towards  its  own  venom. 
Calmette  has  always  held  this  opinion,  and  has  recently  been  .supported 
by  Roger.  On  the  other  hand,  Drs.  C.  J.  Martin,  Tidswell,  and  Major 
Lamb  have  held  that  an  antivenene  is  either  absolutely  or  almost 
entirely  specific.  The  evidence  is  in  favour  of  the  existence  of  a very 
marked,  though  not  quite  absolute  specificity.  The  essential  difficulties 
in  the  problem  of  specificity  lie  in  the  different  compositions  of  different 
venoms  ah'eady  alluded  to,  and,  further,  in  the  fact  that  the  different 
components  produce  different  effects.  It  is  evident  that  snake -anti- 
venene might  be  a correspondingly  complex  body,  and  taking  for 
granted  that  the  neutralisation  of  the  constituents  of  the  venoms  by 
the  constituents  of  the  antivenenes  is  of  a chemical  nature,  it  follows  that 
an  antivenene  produced  by  the  injection  of  the  venom  of  one  snake  might 
be  poor  in  one  or  more  constituents  required  for  the  proper  neutralisation 
of  the  venom  of  another  snake.  The  problem,  however,  may  not 
be  so  simple,  and  another  possibility  must  be  faced,  namely,  that 
a constituent  of  a venom  A which  has  toxic  effects  identical  with  a con- 
stituent of  a venom  B,  may  yet  be  only  capable  of  neutralisation  by  a 
constituent  of  an  antivenene  produced  by  the  injection  of  venom  A.  One 
final  point  may  be  mentioned  in  regard  to  these  snake-poisons,  namel}'^, 
that  the  constituents  of  venoms  which  in  their  action  in  producing  anti- 
toxins must  closely  resemble  such  toxins  as  those  of  diphtheria  and 
tetanus  are  the  neurotoxic  constituents — those  which  act  on  the  nervous 
system.  In  the  cases  of  some  other  constituents  the  mode  of  action  is 
extremely  complex,  as  will  be  seen  later.  art.  “Snake-poison  and 

Snake-bite  ” in  volume  on  “ Tropical  Diseases.”] 

We  thus  see  that  against  several  specific  toxins,  both  of  bacterial  and 
animal  origin,  immunity  can  be  produced,  that  this  immunity  can  be 
pushed  to  very  high  degrees,  that,  with  this  development  of  immunity, 
bodies  antagonistic  to  the  toxins,  and  therefore  called  antitoxins,  appear 
in  the  animal’s  serum,  and  that  the  antitoxic  strength  of  an  immunised 
animal’s  serum  may  be  made  to  exceed  greatly  any  standard  required  for 
the  protection  of  that  animal  against  ordinary  infection. 

Chemical  and  Physical  Properties  of  Antitoxins. — With  regard  to 
the  chemical  nature  of  the  antitoxic  principle  in  the  blood  nothing  is 
known.  It  can  be  precipitated  by  alcohol,  ammonium  sulphate,  and  the 
ordinary  precipitants  of  the  higher  proteids,  and  according  to  some  obser- 
vations (Freund  and  Sternberg,  Brieger  and  Cohn)  the  antitoxins  to 
diphtheria  and  tetanus  are  precipitable  with  the  globulins  of  the  serum 
containing  them.  Their  molecular  complexity  appears  to  be  of  an  order 
higher  than  that  of  the  albumoses.  The  evidence  on  which  this  view 
rests  is  adduced  by  Dr.  0.  J.  Martin  (218,  221).  This  observer  has  used 
for  the  filtration  of  albuminous  substances  a porcelain  filter  with  its  pores 
filled  with  gelatin.  There  is  thus  formed  what  in  reality  is  a strongly 
supported  dialysing  membrane,  and  through  it  albumoses  and  peptones 
will  pass,  while  the  higher  albumins  will  not  pass.  It  is  found  that 
antitoxins  are  retained  by  such  a filter,  and  from  this  Dr.  Martin 
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concludes  that  their  molecules  are  larger  than  those  of  albumoses.  This  is 
also  borne  out  by  the  fact  that  toxin  is  much  more  rapidly  absorbed  from 
the  subcutaneous  tissues  of  an  animal  than  is  antitoxin.  The  question, 
however,  has  been  raised  whether  antitoxins  may  not  be  bodies  simply 
associated  with  the  globulins  of  a serum ; Brieger  and  Boer  (46)  have 
stated  that  by  means  of  zinc  suljshate  they  have  precipitated  from  diph- 
theria antitoxin  a non-proteid  substance  which  exhibited  the  antitoxic 
properties  of  the  serum.  It  is  evident  that  chemistry  can  as  yet  teach  us 
little  concerning  the  nature  of  these  substances.  Certain  physical  pro- 
perties may  be  mentioned.  The  antitoxic  Cjuality  of  a liquid  serum  is 
destroyed  by  a short  boiling,  and  a more  prolonged  exposure  to  tempera- 
tures of  from  60°-70°  C.  has  the  same  effect.  In  the  dry  condition  a 
serum  can  withstand  a temperature  of  140°  C.  for  a quarter  of  an  hour 
without  injury.  Dry  serums  exposed  to  air  and  to  ordinary  atmospheric 
moisture  lose  their  potency,  and  to  prevent  this  Ehrlich  stores  his  anti- 
toxins in  double-bulbed  tubes,  the  serum  being  placed  in  one  and 
anhydrous  phosphoric  acid  in  the  other;  the  tube  is  then  exhausted 
by  a mercurial  pump,  sealed,  and  kept  in  the  dark ; in  such  a state 
the  antitoxin  apparently  maintains  its  potency  unchanged  for  a very  long 
time. 

The  Nature  of  the  Antagonism  between  Toxin  and  Antitoxin. — We 
must  now  consider  the  probable  natru’e  of  the  antagonism  existing  between 
an  antitoxin  and  its  corresponding  toxin,  in  virtue  of  which  no  effects  are 
produced  when  a mixture  of  the  two  substances  in  suitable  proportions  is 
injected  into  an  animal  susceptible  to  the  toxin  under  investigation. 
Evidently  there  are  three  possibilities  : in  the  first  place  the  antitoxin 
might  break  up  the  toxin,  and  thus  destroy  its  harmful  action ; secondly, 
it  might  combine  with  it  to  form  a neutral  substance  having  no  effect  on 
the  tissues ; thirdly,  it  might  act  not  in  a chemical  manner  such  as 
is  entailed  in  the  first  two  possibilities  but  in  a phj'^siological  manner — in 
other  words,  while  the  toxin  might  have  one  effect  the  antitoxin  might 
have  an  opposite  effect,  and  thus  neutralise  the  toxic  action.  From  want 
of  e\'idence  the  fir.st  possibility  has  never  been  considered,  and  only  the 
second  and  third  hypotheses  have  been  discussed  in  the  light  of  available 
facts. 

Ei-idence  adduced  for  tlie  Antagonism  being  Physiological. — The  three 
experiments  brought  forward  in  support  of  such  a view  taken  in 
order  of  importance  are  those  of  Calmette,  Buchner,  and  Wassermann. 
Calmette  (G4a),  working  with  a snake-venom,  found  that  it  could 
withstand  without  injury  a temperature  which  destroyed  the  neutral- 
ising  properties  of  its  antivenene.  He  determined  the  quantit}^  of  the 
antivenene  which  neutralised  a given  amount  of  venom,  so  that  when 
the  two  .substances  were  injected  in  these  projjortions  into  an  animal  no 
re.sult  followed.  He  took  such  a mixture  neutral  in  w7/y>  and  heated  it 
to  the  {loirit  that  would  destroy  the  ca^-acity  of  the  antivenene  without 
affecting  the  venom  ; he  found  that,  on  injecting  the  mixture  into  an 
animal,  death  occuiTcd  just  as  if  untreated  venom  had  Ijcen  used.  From 
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this  he  inferred  theat  in  the  mixture  of  venom  and  antivenene  no  actual 
combination  had  occurred,  that  the  two  substances  existed  side  by  side, 
and  that  the  neutralising  action  took  place  Avithin  the  body  of  the  animal 
into  AV'hich  they  Avere  injected.  Omitting  the  possible  criticisim  that  there 
exists  in  the  toxin-antitoxin  mixture  a chemically  unstable  union  easily 
resolvable  by  heat  Avith  destruction  of  one  of  the  constituents — an  occur- 
rence Avhich  could  be  paralleled  from  knoAvn  chemical  facts — Ave  pass  to  the 
criticism  of  Drs.  C.  J.  Martin  and  Cherry  (221),  based  on  an  amplification 
of  Calmette’s  experiment.  These  observers  found  that  the  longer  the 
venom  and  antivenene  Avere  left  in  contact  before  the  heating  of  the 
mixture,  the  less  evidence  AA^as  there  that  venom  Avas  left  free  after 
heating,  and  at  last  a point  Avas  reached  Avhen  the  heated  mixture  no 
longer  manifested  any  toxic  properties  AvhateA’er.  There  A\"as  thus 
abundant  evidence  of  an  interaction  in  vitro  betAveen  the  venom  and  the 
antivenene.  It  cannot  therefore  be  urged  that  in  reality  Calmette’s 
experiment  legitimately  carries  the  interpretation  originally  put  on  it  by 
its  author.  Next  Avith  regard  to  Buchner’s  Avork  (50ft).  This  observer 
took  a tetanus  toxin  of  Avhich  '0001  gramme  killed  Avhite  mice  in  from 
tAvo  to  three  days.  This  dose  had  little  or  no  effect  on  guinea-pigs 
averaging  344  grammes  in  AA'^eight.  Of  this  toxin  '014  gramme  Avas 
mixed  Avith  ‘00135  gramme  of  tetanus  antitoxin,  and  injected  into 
each  of  a series  of  23  mice  and  of  23  guinea-pigs.  It  is  usually 

stated  that  the  mixture  Avas  neutral  for  the  mice,  but  produced  patho- 
genetic effects  on  the  guinea-pigs.  But  this  Avas  not  the  case,  for 
among  the  mice  9 only  remained  unaffected,  11  shcAved  slight  clu’onic 
tetanus,  3 died ; of  the  guinea-pigs  3 remained  intact,  1 2 sheAved 
chronic  tetanus,  and  8 died.  The  inference  originally  draAvn  by 
Buchner  Avas  that  a mixture  of  toxin  and  antitoxin,  neutral  or  nearly 
neutral,  for  one  animal  species  AA^as  not  necessarily  neutral  or  nearly 
neutral  for  another,  and  that  therefore  the  neutralisation-phenomenon 
Avas  probably  not  of  the  nature  of  an  ordinary  chemical  neutralisation. 
We  consider  that  it  is  difficult  to  say  AAdiether  such  a conclusion  is  or  is 
not  justified  by  the  data.  The  experiment  Avas  performed  before  the  use 
of  the  modern  accurate  methods  of  measuring  toxic  and  antitoxic 
capacities  had  been  elaborated.  A more  important  point  is  that  no 
mention  is  made  of  the  duration  of  the  exposure  in  vitro  of  the  tAvo 
antagonistic  solutions,  nor  is  it  stated  if  the  duration  AA'as  the  same 
in  the  tAvo  series  of  experiments.  In  vicAv  of  the  fact  that,  as  we 

stated,  there  is  evidence  that  toxin  is  absorbed^  more  easily  than  anti- 

toxin from  the  subcutaneous  tissues,  it  is  obvious  ^ that  if  a mixture 
containing  these  substances,  not  in  combination,  be  injected,  the  poison 
gets  to  Avork  at  a greater  rate  than  the  antidote.  Again,  as  Avill  be 
sheAvn  later,  even  if  a mixture  of  the  tAvo  substances  in  a state  of 
combination  be  introduced,  dissociation  might  take  place,  and  this 

Avould  probably  occur  to  a greater  extent  in  the  body  of  a very 

susceptible  animal  than  in  one  of  less  susceptibility.  The  real  meaning 
of  susceptibility  to  a toxin  AA'ill  be  discussed  later.  The  third  experi- 
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ment  on  ^vhich  the  physiological  antagonism  of  toxin  and  antitoxin  is 
supposed  to  rest  is  that  of  'Wassermann  (34:6«).  This  observer  states 
that  a neutral  mixture  of  the  toxin  of  B.  2Ploci/a7ieits  •with  its  antitoxin, 
when  heated  to  100°  C.  and  injected  into  a guinea-pig,  proves  to  be  no 
longer  neutral.  No  statement,  however,  is  made  regarding  the  effects  of 
different  lengths  of  exposure  in  vitro  before  the  treating,  and  it  may 
further  be  pointed  out  that  as  Wassermann’s  so-called  soluble  toxin  is  in 
reality  a bouillon  culture  killed  by  being  shaken  up  Avith  toluol,  it 
certainly  will  contain  the  bodies  of  the  bacteria  and  the  poisonous  proteins 
they  contain.  In  fact,  it  is  doubtful  if  the  B.  pijoci/aneus  forms  any  soluble 
toxins  of  the  nature  of  these  formed  by  the  B.  di])htheriw  or  the  B. 
tetani.  There  were  evidentlj'’  several  peculiar  points  regarding  the 
organism,  as,  for  instance,  the  fact  that  immunisation  of  the  living 
bacterium  did  not  originate  immunity  against  the  “ toxin,”  and  the 
significance  of  Wassermann’s  observation  on  the  heating  of  the  “ toxin-” 
antitoxin  mixtures  avouIcI  require  further  investigation. 

Evidence  adduced  for  the  Chemical  Nature  of  the  AiitcLgonis7n.~lnc[\\\vy 
must  be  made  Avhether  any  evidence  exists  in  support  of  the  AueAv 
that  in  the  antagonism  betAveen  toxins  and  antitoxins  a chemical  union 
really  takes  place  betAveen  the  tAvo  substances.  Early  in  the  discussion 
of  the  subject  Ehrlich  pointed  out  that  the  relations  betAveen  the  tAvo 
substances  presented  many  similarities  to  AA'hat  is  observed  in  chemical 
reactions.  Thus,  if  a supposed  neutral  mixture  of  dijDhtheria  toxin  and 
antitoxin  were  exposed  to  a higher  temperature  than  that  adopted  for 
the  experiments  by  Avhich  the  neutralisation  had  been  determined, 
neutralisation-phenomena  apjAeared  earlier,  i.c.  the  union  AA^as  hastened 
by  heat.  There  was  a corresponding  delay  Avith  the  application  of  cold. 
Further,  union  took  place  more  rapicll}*  Avhen  the  solutions  Avere  strong 
than  when  they  Avere  Aveak.  There  is,  hoAvever,  other  and  more  par- 
ticular evidence  that  toxins  and  antitoxins  enter  into  chemical  combina- 
tion Avith  one  another.  Allmsion  has  already  been  made  to  the  exjjeri- 
ments  from  Avhich  Drs.  C.  J.  Martin  and  Cherry  deduce  that  the 
antitoxin  molecule  is  of  larger  size  than  the  toxin  molecule,  in  that  the 
latter  can  pass  through  a strongly  supported  gelatin  film,  while  the 
former  cannot.  These  observers,  Avorking  Avith  diphtheria  toxin  and 
antitoxin,  made  the  folloAving  further  obsei’A'ations.  They  placed  in  the 
filter  a mixture  of  the  poison  and  antipoison  some  considerable  time  after 
the  mixture  had  been  made,  and  applied  great  pressure  to  it  by  means  of 
compressed  carl>c^ic  acid  gas.  An}’thing  ijresent  that  Avas  capable  of 
passing  through  the  gelatin  A\-as  thus  placed  in  a position  to  be  driven 
through.  It  Avas  found  that  though  diphtheria  toxin  by  itself  could 
easily  pjiss  through  such  a filter,  the  fluid  coming  through  from  a 
mixture  previou.sly  alloAved  to  stand  for  a time  Avas  not  toxic  to  animals. 
From  this  it  Avas  deduced  that  if  sufficient  time  be  alloAved  the  diphthei-ia 
toxin  grarlually  in  vitro  enters  into  combiration  Avith  the  antitoxin.  1 >r.  C. 
•F.  Martin  f219)  also  makes  a similar  deduction  regarding  the  vcucnc-anti- 
venene  experiments  already  cite<l  in  connexion  with  Calmette’s  contention. 
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But  there  is  evidence  of  another  kind  that  the  toxin-antitoxin 
neutralisation  is  based  on  a chemical  union  between  the  two  substances 
and  not  on  physiological  antagonisms,  in  that  the  neutralisation-phenomena 
can  be  observed  in  circumstances  where  the  possibility  of  physiologiciil 
action  on  the  part  of  toxin  is  excluded.  Several  examples  of  such  a 
process  can  be  cpmted.  From  the  castor- oil  bean,  as  we  have  seen, 
a soluble  poison  can  be  very  readily  extracted.  By  the  ordinary 
methods  immunisation  can  be  produced  against  the  toxin,  and  there 
appears  in  the  serum  of  the  immune  animal  an  antiricin  with  the  usual 
antagonistic  properties.  Ehrlich  shewed  that  in  mtro  ricin  has  the  effect 
of  causing  red  blood-corpuscles  suspended  in  saline  solution,  in  the  pro- 
portion of  five  parts  of  blood  to  ninety-five  of  the  diluent,  to  become 
massed  together  in  clumps,  which  fall  to  the  bottom  of  the  test-tube 
containing  them.  He  shewed  that  antiricin  had  the  effect  of  protecting 
corpuscles  against  the  clumping  effect.  Here  evidently  there  could  be 
no  physiological  effect  produced,  at  least  if  the  ordinary  view  as  to  the 
passive  character  of  the  protoplasm  of  the  red  blood-cell  be  accepted. 
Again,  Drs.  Stephens  and  Myers  (319)  discovei’ed  similar  facts  regarding 
the  effects  of  cobra-poison  on  red  blood-corpuscles.  As  has  been  pointed 
out,  this  venom  causes  htemolysis  or  the  solution  of  the  red  cells. 
These  observers  found  that  in  vitro  red  blood -corpuscles  could  be 
protected  against  htemolysis  by  the  presence  of  antivenene.  Kossel 
confirmed  this  in  the  case  of  the  h8emol3'tic  action  of  the  serum  of 
the  eel,  which  is  toxic  for  the  rabl^it,  and  owes  part  at  least  of  its 
poisonous  action  to  the  capacity  it  possesses  of  dissolving  the  red  cor- 
puscles of  the  animal.  Rabbits  can  be  immunised  against  the  poi.sonous 
action,  and  here,  again,  the  serum  possesses  antitoxic  properties  which 
are  active,  in  that  in  vitro  they  protect  red  cells  against  the  toxin. 
These  two  cases  manifestly  stand  on  the  same  footing  as  Ehrlich’s  results 
on  the  .agglutinating  action  of  ricin,  in  that  cells  incapable  of  i^hysiological 
response  clo  not  undergo  a specific  change  when  the  active  body  is  in  the 
presence  of  a neutral  substance.  As  the  pi’esence  of  a depressing  effect 
neutralised  by  a stimulating  effect  is  here  out  of  the  question,  the 
deduction  is  legitimate  that  the  antagonism  between  the  two  substances 
is  of  a chemical  nature.  But  still  more  convincing  evidence  in  favour  of 
this  conclusion  is  found  in  certain  results  of  KantLack  (152)  and  of 
Morgenroth  (244).  The  former,  who  indeed  w.as  the  first  to  bring  for- 
ward any  evidence  of  chemical  antagonism  in  the  toxin-antitoxin  reaction, 
shewed  that  the  power  of  cobra-venom  to  prevent  the  Coagulation  of  the 
blood  could  be  neutralised  by  cobra-antivenene.  Morgenroth  investigated 
the  phenomena  occurring  in  the  goat  when  ordinary  rennet  ferment  was 
injected  after  the  manner  of  an  immunisation.  The  goat’s  serum  was 
found  after  a time  to  have  the  capacity  of  preventing  curdling  of  cows 
milk  by  rennet.  In  this  experiment  it  should  be  noted  th.at  we  are  deal- 
ing with  the  action  of  <a  substance  on  totally  inert  materi.al,  namelv,  the 
soluble  albumins  of  the  milk,  and  that,  since  ph}^siological  action  and 
reaction  are  out  of  the  question,  the  antagonism  of  the  rennet  and 
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antireimet  must  be  chemical.  The  only  objection  that  can  apparently 
be  in-ged  is  that  toxins  may  difter  from  ordinary  digesti-\-e  ferments. 
But  toxins  and  ferments  have  this  at  least  in  common,  that  they  belong 
to  the  veiy  special  class  of  bodies  against  which  specific  antibodies  can 
be  produced  in  the  animal  organism,  and  it  is  in  the  highest  degree 
probable  that,  as  the  production  of  the  antibodies  results  from  the 
operation  of  the  same  laws,  the  same  laws  also  govern  the  antagonism 
in  the  two  cases. 

We  may  sum  up  here  by  saying  that  evidence  of  a physiological 
antagonism  between  the  group  of  toxins  and  the  group  of  antitoxins  is 
wanting,  and  from  what  we  know  there  can  be  very  little  doubt  that 
neutralisation  phenomena  are  due  to  a chemical  reaction  between  the 
opposing  substances. 

The  Ultimate  Nature  of  the  Toxin-Antitoxin  Reaction. — We  have 
seen  that  the  methods  of  ordinary  chemistry  can  as  yet  throw  no  light 
on  the  true  nature  either  of  toxins  or  of  antitoxins.  Thus,  while  bj^ 
indirect  evidence  we  have  arrived  at  the  conclusion  that  the  interactions 
of  the  two  substances  are  of  a chemical  nature,  we  cannot  look  to  the 
chemist  for  information  as  to  the  real  nature  of  what  takes  place.  In 
these  circumstances  Ehrlich  (104)  has  advanced  a hyjDOthesis  based  on 
certain  relations  observed  between  crude  toxins  ^ and  crude  antitoxins. 
The  essence  of  his  hypothesis  is  that  certain  experiments  with  toxin-anti- 
toxin mixtures  in  animals  can  best  be  explained  by  supposing  that  the 
two  substances  possess  certain  chemical  properties.  This  method  of 
chemical  analysis  is  certainly  novel,  but  so  cogent  are  the  arguments 
adduced  by  its  author  that  though  these  arguments  are  of  a highly 
theoretical  character,  Ehrlich’s  views  may  be  said  at  present  to  dominate 
the  whole  field  of  immunity  inc[uiry.  The  hypothesis  touches  the 
problems  at  issue  at  many  points.  Of  these  the  chief  have  reference 
to  the  nature  of  toxins,  the  nature  of  bactericidal  action,  and  the 
nature  and  origin  of  antitoxins.  In  its  application  to  the  nature  of  the 
toxin -antitoxin  reaction,  the  hypothesis  involves  the  consideration  of 
certain  points  bearing  on  the  probable  ultimate  constitution  of  the  toxin 
molecule. 

The  Ehrlich  Phenomenon, — All  Ehrlich’s  work  is  based  on  his 
researches  with  diphtheria  toxin,  but  there  is  evidence  that  the  funda- 
mental deductions  made  are  applicable  to  other  toxins  of  the  same 
kind.  His  hypothesis  starts  from,  and  in  its  development  rests  on, 
an  observed  fact,  of  the  existence  of  which  there  can  l)e  no  doubt. 
Thi.s  is  the  so-called  “ Ehrlich  phenomenon.”  This  phenomenon  may 
be  stated  in  its  simplest  form  as  follows : — If  a mixture  of  crude 
diphtheria  toxin  and  diphtheria  antitoxin  known  to  be  e.xactly  neutral 

’ We  shall  now  have  frequent  occa.sioii  to  distinguish  hetweeu  crude  toxin  {i.c.  the  toxic 
filtrate  of  a Ijouillon  h.icterial  culture)  ami  the  true  toxin  it  contaiu.s.  and  to  which  its 
jtoUoiioU'  properties  are  *lue.  It  may  l>e  also  convenient  to  speak  of  enule  antitoxin  {i.c. 
the  4emm  of  an  immune  animal)  ami  the  true  antitoxin  which  it  contains,  ami  to  which  it 
owes  it=t  nentrali.^inK  action.  Here,  however,  a.s  \ye  shall  liml,  an  antithetical  pliraseology  is 
not  so  essential  to  clear  umlerstamliut^. 
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be  taken,  and  there  be  added  to  it  one  minimal  lethal  dose  of  crude 
toxin,  and  the  whole  be  then  injected  into  an  animal,  we  should 
expect  death  to  follow ; but  this  practically  never  occurs.  It  will  be 
well  to  detail  the  investigations  which  led  to  this  discovery.  In  the 
case  of  each  of  a number  of  samples  of  crude  diphtheria  toxin  derived 
from  the  growth  of  different  races  of  diphtheria  bacilli,  the  following  steps 
were  taken.  First  the  minimal  lethal  dose  of  the  crude  toxin  was  deter- 
mined. To  a series  of  moieties  of  antidiphtheric  serum,  each  containing 
one  immunity  unit  {vide  p.  54),  different  and  increasing  amounts  of  crude 
toxin  were  added,  and  each  mixture  was  injected  into  a guinea-pig. 
Following  on  these  injections  some  animals  (those  which  received 
mixtures  containing  the  smaller  amounts  of  crude  toxin)  remained  in 
perfect  health,  some  (those  receiving  higher  amounts)  suffered  from  the 
slighter  symptoms  of  diphtheric  poisoning  {e.g.  jjaralj^ses)  and  recovered, 
some  manifested  symptoms  and  died  after  an  illness  of  more  than  five  days’ 
duration,  some  died  of  an  acute  illness  of  five  days’  duration  characterised 
by  fever,  cardiac  failui’e,  and  so  forth,  and  some  (those  which  received 
mixtui’es  containing  the  highest  amount  of  crude  toxin)  might  die  from 
similar  acute  effects  in  an  even  shorter  time.  In  analysing  such  a series 
of  results  Ehrlich  directs  special  attention  to  the  composition  of  two  of  the 
toxin-antitoxin  mixtures.  In  the  first  place  there  is  the  mixture  which,  in 
reference  to  the  rising  series  of  amounts  of  crude  toxin,  is  just  below  the 
mixture  causing  the  slightest  symptoms  of  disease ; this  mixture  is  non- 
pathogenetic,  since  complete  neutralisation  of  the  toxin  by  the  antitoxin 
has  taken  place.  In  mixtures  containing  smaller  multiples  there  is  excess 
of  antitoxin  ; in  that  containing  the  next  higher  multiple  there  is  a slight 
amount  of  unneutralised  toxin,  and,  as  a result,  slight  symptoms  follow. 
In  such  a series  as  this,  this  upper  limit  of  complete  neutralisation  is 
denominated  in  Ehrlich’s  tei'minology,  “ Livxes  null,”  or,  briefly,  Ly — 
it  is  the  Zero  Limit,  the  limit  of  the  non-appeai’ance  of  pathogenetic 
effect.  The  second  mixture  requiring  special  attention  is  that  in  the 
rising  series  Avith  which  there  occurs  death  with  acute  symptoms  in  five 
. days.  At  this  point  there  is  enough  of  the  toxic  principle  free  from 
combination  with  the  antitoxin  to  produce  the  effect  of  1 M.L.D.  of 
crude  toxin.  In  mixtures  below  the  strength  (but  aboAm  the  Ly  point) 
there  is  enough  free  toxic  material  to  cause  symptoms,  but  not  suflicient 
to  cause  death  in  the  assigned  test-time, — a similar  state  of  affairs,  in  fact, 
as  occurs  with  sublethal  doses  of  crude  toxin  alone.  This  point  in  the 
series  is  denominated  by  Ehrlich  the  “ Limes  tobtlid),”  briefly  Lf,  the 
limit  of  a certainly  fatal  effect  in  the  test- time.  For  a particular  toxin 
there  are  thus  these  three  points  to  be  determined,  Avhich  are  important 
from  the  j^rcsent  standpoint — First,  the  minimal  lethal  dose  ; secondly, 
the  amount  AA'^hich  Avill  just  neutralise  one  immunity  unit  of  antitoxin 
this  gives  the  Ly  value;  third,  the  amount  Avhich  Avhen  mixed  AA-ith 
one  immunity  unit,  completely  saturates  the  antitoxin  jjresent,  and  still 
leaves  toxic  matter  free  in  sufficient  quantity  to  give  the  pathogenetic 
•effect  of  1 M.L.D.  This  last  amount  gives  the  ht  A^alue.  We  give 
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examples  of  the  values  found  for  two  of  the  toxins  used  by  Ehrlich  in 
his  original  inquiry  : — 


( 

1 Toxin  Xo.  7. 

Toxiu  No.  10. 

M.L.D.  = 'OKjo  gr. 
i Lf  = l"Jt)  gr.  i.r.  76 '3  31.L.D. 
j Lo=0'9  gr.  i'.r.  5-1 '1  M.L.D.  (approx.) 

I 

M.L.D.  = '001  gr. 

L,  = 0-0292gr.Le.  29 '2  M.L.D. 
Lq  = 0'0275  gr.  i.e.  27 "5  M.L.D. 

DijFerence  = 0"i6  gr.  i.c.  21-9  M.L.D. 

Oifcrence  = 0'0017  gr.  i.e.  1‘7  M.L.D. 

A minor  point  here,  which  is  at  once  apparent,  is  that  the  immunity 
unit  neutralises  different  multiples  of  the  simple  M.L.D.  in  the  cases  of 
the  two  toxins.  This  bears  out  what  has  already  been  said  regarding 
the  artificial  nature  of  the  unit  the  probable  exj^lanation  of  the  varia- 
tion will  appear  as  we  proceed,  for  the  present  it  may  be  neglected. 
The  important  aspect  of  these  examples  lies  in  the  question  they  raise, 
namely,  given  that  the  antagonism  between  toxin  and  antitoxin  is,  as  we 
have  seen  reason  to  think,  of  a chemical  nature,  is  the  union  to  be  looked 
on  as  of  an  ordinary  simple  character,  such  as  occurs  between  two 
bodies  capable  of  entering  into  combination,  for  instance,  an  acid  and 
an  alkali  1 If  the  union  were  simple,  should  we  not  exjpect  that  on  the 
addition'  of  1 M.L.D.  to  a neutral  mixture,  death  of  the  test- animal 
would  occur  just  as  if  1 M.L.D.  without  the  presence  of  any  toxin- 
antitoxin  mixture  were  injected?  In  one  case  (toxin  7)  we  observe  that 
22  M.L.D.,  and  in  the  other  (toxin  10)  1‘7  M.L.D.  had  to  be  added  to 
the  neutral  mixture  before  death  was  produced,  and  we  may  say  that 
in  all  the  other  toxins  examined  by  Ehrlich,  similar  results  to  those 
quoted  were  obtained;  in  fact,  the  case  of  to.xin  10,  where  the  difference 
between  the  L„  and  values  approached  near  to  unity,  is  to  be  regarded 
as  quite  exceptional.  As  to  the  existence  of  the  Ehrlich  phenomenon  there 
is  no  doubt.  The  observation  has  been  confirmed  by  Dr.  Bulloch  (59) 
working  with  diphtheria  toxin,  and  by  many  of  Ehrlich’s  pupils.  With 
regard  to  the  explanation,  we  shall  first  of  all  give  Ehrlich’s  own  view, 
which  is  as  follows : — When  bacterial  toxins  are  kept  at  room  temperature, 
even  if  under  toluol  and  in  the  dark,  there  is,  as  every  worker  knows, 
a gradual  loss  of  toxicity.  Mere  observation  of  loss  of  toxicity  may  not, 
however,  fully  describe  the  condition  of  the  toxin;  for  Ehrlich  found 
that  a toxin  might  lose  toxicity  without  losing  its  capacity  of  combining 
with  antitoxin.  Thus  in  one  case  a crude  toxin  immediately  after  its 
filtration  had  a ^I.L.D.  of  ‘003  grammes,  but  nine  months  later  the 
M.L.D.  was  '009  grammes.  Notwithstanding  this,  the  amount  of  toxin 
saturating  completely  one  immunity  unit  of  antito.xin  was  the  same  as 
before.  To  the  weakened  true  to.xins  Ehrlich  gives  the  name  of  toxoids. 
Given  the  existence  of  such  bodies,  and  taking  into  account  that 
the  weakening  in  cnnle  toxins  is  under  ordinary  conditions  often  a 
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very  gradual  process,  it  is  evidently  possible  that  crude  toxin  may 
contain  tlie  true  toxin  in  various  forms, — may  in  fact  be  a mixture  of 
substances  which  though  related  to  each  other,  may  be  very  difterent  in 
poisonous  effects.  Thus  crude  diphtheria-toxin  would  owe  its  capacity  of 
producing  death  in  four  or  five  days  only  to  the  true  toxin  it  contains ; 
its  paralytic  effects  would  be  due  to  its  toxoids.  Given  the  existence  of 
toxoids,  how  can  the  fact  of  a crude  toxin  losing  toxicity  without  losing 
binding  affinity  for  antitoxin  be  explained  1 This  would  be  accounted 
for,  if  in  the  ultimate  molecular  complex  of  the  true  toxin  the  affinities 
which  are  responsible  for  combining  with  true  antitoxin  differed  from  the 
affinities  responsible  for  the  toxic  action.  This  is  what  Ehrlich  supposes 
to  be  the  state  of  affairs,  and  he  calls  the  binding  affinities  or  side- 
chains  the  luvptophorous  affinities,  and  the  toxic  affinities  or  side-chains  the 
ioxophorous  affinities.  The  toxoid  could  be  derivable  from  the  true  toxin 
if  the  toxophorous  affinities  became  weakened.  In  the  particular  crude 
toxin  alluded  to,  in  which  a diminution  of  toxicity  was  observed,  it 
could  be  supposed  that  no  diminution  of  capacity  to  saturate  antitoxin 
occurred,  — that  the  toxophorous  affinities  were  affected,  while  the 
haptophorous  remained  as  potent  as  formerly.  It  is,  however,  evidently 
possible  that  both  the  haptophorous  and  toxophorous  affinities  of  the 
true  toxin  might  be  affected,  and  to  account  for  the  “ Ehrlich  pheno- 
menon ” it  is  necessary  to  suppose  that  this  happens.  It  is  evident  that 
with  a formation  of  toxoid  by  a weakening  of  the  toxophorous  group, 
one  of  three  possible  eventualities  may  occur  in  the  haptophorous  group 
of  the  true  toxin ; either  it  might  have  its  potency  increased,  forming 
what  Ehrlich  calls  protoxoid,  or  its  potency  might  remain  unchanged 
(syntoxoid),  or  its  potency  might  be  diminished  (epitoxoid).  Suppose  a 
crude  toxin  contained  true  toxin  and  epitoxoid,  and  these  in  the  propor- 
tion of  9 : 1,  a neutral  mixture  of  this  crude  toxin  with  antitoxin  might  be 
represented  thus:  90  parts  toxin-antitoxin  combination -i- 1 0 epitoxoid- 
antitoxin  combination  = physiologically  neutral  mixture.  If  to  this 
we  add  crude  toxin  containing  10  parts  true  toxin,  it  is  eWdent  that 
the  stronger  affinity  of  the  true  toxin  would  turn  the  epitoxoid  out 
of  the  epitoxoid-antitoxiu  combination;  there  would  then  be  100  parts 
toxin -antitoxin  combination  + 1 0 parts  uncorabined  epitoxoid  4- free 
epitoxoid  derived  from  the  crude  toxin  containing  the  10  parts  true 
toxin.  The  result  of  injecting  such  a mixture  would  correspond  to  the 
case  where  an  animal  suffers  from  symptoms  which,  if  fatal,  will  not  kill  it 
in  the  test-time.  Suppose,  however,  crude  toxin  containing  1 1 parts  of 
true  toxin  were  added  to  a neutral  mixture,  the  condition  of  affairs 
would  now  be:  100  parts  toxin-antitoxin  combination -i- 1 part  toxin 
uncombined -t- 1 0 epitoxoid  uncombined -f- the  free  toxoid  derived  from 
the  crude  toxin  containing  the  11  parts  true  toxin.  If  the  “ 1 part 
toxin  uncombiued  ” cori’esponded  to  the  amount  of  true  toxin  in  a 
M.L.D.,  evidently  the  animal  would  die  in  the  test-time.  This  is 
practically  Avhat  occurs  when  the  difference  between  the  L„  and  the 
values,  as  has  been  found  to  hold  good  in  all  cases  examined,  is 
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•'i-eater  than  1 M.L.D.  If  a crude  toxin  contains  much  epitoxoid,  tlien 
the  true  toxin  in  the  moieties  added  to  a neutral  mixture  turns  out  the 
epitoxoid  of  the  original  crude  toxin  used  for  making  the  neutral  mixture. 
These  when  free  are  relatively  non-pathogenetic,  and  it  is  not  till  they 
are  all  turned  out,  and  in  addition  an  amount  of  true  toxin,  equal  to 
that  present  in  1 M.L.D.  of  the  erode  toxin,  is  left  unsaturated  with 
antitoxin,  that  acute  fatal  eftects  are  produced.  This  capacity  of  a 
molecule  with  strong  haptophorous  affinities  to  turn  a molecule  with 
weak  haptophorous  affinities  out  of  a toxin -antitoxin  mixture  is  the 
essential  factor,  according  to  Ehrlich,  of  the  “Ehrlich  phenomenon.” 
There  are,  however,  other  points,  two  of  which  may  be  mentioned  here. 
Fii-st,  it  follows  from  Ehrlich’s  view  that  a toxin  molecule  combined  by 
means  of  its  haptophorous  affinities  with  an  antitoxin  molecule  is  inert. 
Its  toxophorous  affinities  are  probably  intact,  as  is  shewn  by  the 
occurrence  of  slight  symptoms  when  the  less  pathogenetic  toxoid  is 
turned  out  of  the  toxoid-antitoxin  coml^ination  by  the  addition  of  fresh 
toxin.  It  may  be  asked,  why  this  inertness  1 This  is  explained  by  the 
second  consequence  of  Ehrlich’s  hypothesis  which  we  shall  presently 
notice,  namely,  that  a toxin  molecule  when  it  gains  entrance  to  the  animal 
body  is  anchored  in  the  cell  in  which  it  acts  by  means  of  the  same 
haptophorous  group  by  which  it  is  cajDable  of  combining  with  antitoxin, 
and  unless  it  be  so  anchored  to  the  cellular  protoplasm,  the  toxophorous 
affinities  can  have  no  effect  in  upsetting  the  metabolism  of  that  protoj)lasm, 
i.e.  cannot  produce  disease  effects.  Thus  the  toxin-antitoxin  combination 
can  pass  to  and  fro  freely  in  the  bodily  fluids,  and  though  it  may  contain 
powerful  toxophorous  affinities,  these  cannot  act,  because  the  molecule 
of  which  they  form  a part  is  firmly  anchored  to  another  molecule.  We 
shall  later  inquire  on  what  evidence  such  conceptions  have  been  based. 
It  Avill  be  convenient  meantime  to  deal  with  Ehrlich’s  further  views  on 
the  nature  of  toxins. 

In  examining  the  L„  and  L(  values  in  the  case  of  a number  of 
diphtheria  toxin.s,  Ehrlich  (103)  observed  that  the  toxin  units  (a  toxin 
unit  being  the  amount  of  a simple  M.L.D.)  in  the  L„  value  followed  an 
apparent  law  in  that  in  the  series  of  toxins  examined  the  figures  25,  33, 
50,  and  100  frequently  recurred;  the  lower  of  these  figures,  it  is 
evident,  bear  very  simple  relationships  to  the  higher.  This  appeared  to 
him  to  indicate  that  the  degeneration  of  the  crude  toxin  did  not  occur 
at  random,  but  that  the  amounts  of  the  degenerated  bodies  produced 
were  in  proportional  relationships  to  one  another.  It  may  Ijc,  as  Ehrlich 
suggests,  that  the  original  toxin  molecule  sjfiits  into  two  toxoid  molecules 
by  dichotomy,  or  into  three  (trichotomy).  Tims,  if  we  imagine  a crude 
toxin  to  contain  only  two  elements,  toxin  and  epitoxoid,  and  to  give  an 
L„  value  of  50  (/.«.  when  one  immunity  unit  of  antitoxin  sui)posed  to  be 
ca[«Vde  of  neutralising  100  M.L.D.  neutralises  50  ]\I.L. D.  of  the  toxin 
under  consideration),  it  is  manifest  that  the  proportion  of  toxin  to  toxoid 
niust  be  1:1.  We  have  already  jjointed  out  that  the  serum  used  by 
Ehrlich  as  the  test-serum  against  which  all  toxins  ai’c  measured,  must 
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originally  have  been  chosen  somewhat  at  random.  That  its  original 
supposed  neutralising  value  (100  M.L.D.)  could  not  be  taken  as  absolute, 
was  shewn  by  Ehrlich’s  later  results,  when  such  different  values  for  L„ 
vmre  obtained.  Taking  for  granted  that  the  recurrence  of  figures  in  the 
L„  values  bearing  such  simple  proportions  to  each  other  as  25,  33,  50, 
100,  really  indicated  that  of  the  original  true  toxin  as  produced  by  the 
bacilli,  three-quarters  or  two-thirds  or  a half  had  undergone  in  a definite 
time  a particular  degeneration,  it  is  evident  that  the  number  of  true 
toxin  units  originally  represented  in  the  crude  toxin  could  not  have 
been  less  than  100,  as  that  is  the  least  common  multiple  of  the 

true  toxin  units  remaining  in  the  examples  of  degenerated  toxin  ex- 

amined. In  fact  it  was  probably  more,  as  L„  values  of  slightly  over  100 
were  observed.  If  it  were  over  1 00,  the  probability, — from  the  simplicity 
of  the  proportions, — was  that  it  was  a multiple  of  100.  Turning  from  the 
consideration  of  the  L^,  values  observed,  the  values  demand  even  more 
consideration  from  the  point  of  view  of  an  attempt  to  arrive  at  an  ide<i 
of  the  number  of  binding  affinities  in  the  immunity  unit.  If,  as  has 
already  been  pointed  out,  we  had  to  deal  with  an  absolutely  pure  poison, 
i.e.  one  containing  no  degenerated  toxin  but  only  true  toxin,  the 
difference  between  the  L,,  and  Lj  values  would  be  1 M.L.D.  Such  a 
crude  to.xin  has  never  been  observed, — the  difference,  as  we  have  seen, 
has  always  been  greater  than  unity.  With  regard  to  the  number  of 

simple  M.L.D.  in  the  L^  values  Ehrlich  has  observed  a value  of  133,  and 

Madsen  one  of  160.  Thus,  there  never  has  been  observed  a toxin  where 
the  L(  value  did  not  contain  considerably  less  than  200  M.L.D.  As  we 
have  seen,  the  expression  of  the  number  of  the  binding  equivalents  of 
true  toxin  units  must  be  over  100,  and  probably  is  a multiple  of  100,  so 
that  in  the  meantime  200  may  be  taken  as  the  possible  expression  of  the 
landing  equivalents  present  in  one  immunity  unit.  This  means  that  in 
the  amount  of  crude  toxin  capable  of  neutralising  one  immunity  unit  of 
the  test-serum  there  are  at  least  200  binding  affinities,  ix.  if  pure  toxin 
could  be  obtained  one  of  Ehrlich’s  immunity  units  would  neutralise  200 
M.L.D.  The  equivalent  of  a simple  binding  group  is  that  portion  of 
true  toxin  which  contains  a simple  M.L.D.  for  a guinea-pig  of  250 
grammes ; but  in  relation  to  antitoxin  such  an  equivalent  may  be 
represented  by  the  less  poisonous  constituents  of  the  crude  poison.  In 
the  dose  present  in  a mixture  of  L„  value,  the  number  200  represents 
the  sum  of  the  binding  affinities  of  toxin  and  toxoid.  Having  arrived 
at  the  figure  200  as  expressing  the  number  of  binding  affinities  probably 
present  in  the  toxin  of  the  L^,  mixture,  Ehrlich  proceeded  to  study  the 
effects  of  taking  an  amount  of  toxin  and  only  partially  saturating  it 
with  antitoxin  ; in  other  words,  having  determined  the  L,,  and  L,  values 
of  a toxin  a number  of  either  the  one  or  the  other  values  were  taken,  and 
a fraction  of  an  immunity  unit  of  serum  being  added  to  ea,ch,  the  pro- 
perties of  the  unsaturated  mixtures  were  studied  by  investigating  what 
fraction  of  such  a mixture  was  a M.L.D.  In  one  particular  toxin  Ehrlich 
found  the  M.L.D.  to  be  '024  c.c.  and  the  U dose  2-05  c.c.,  ie.  85 
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If  now  11  mixture  containing  the  dose  and  -J-g-g-  of  an 
immunity  unit  of  antitoxin  were  made  up,  it  Avas  found  that  this  was 
' sufficient  to  kill  31  guinea-pigs,  one  containing  could  kill  10 

animals,  and  one  containing  could  kill  GO;  that  is  to  say,  the  150 
! binding  units  unsaturated  in  the  last  case  could  kill  60  animals,  and  thus 

' the  50  saturated  may  be  taken  as  capable  of  killing  25  (the  difference 

between  60  and  the  full  value  of  the  Lj  dose,  namely,  85).  In  this  last 
part  of  the  toxin  which  shews  greatest  affinity  for  antitoxin  it  is  evident 
\ that  each  binding  equivalent  represents  only  half  a toxic  equivalent. 
Ehrlich  Avould  explain  this  by  supposing  that  it  consisted  of  equal  parts 
of  a toxin  and  of  a toxoid,  each  of  which  had  equal  affinity  for  antitoxin. 
' In  this  toxin  as  a whole  the  greater  part  must  have  been  built  on  the 

< ^me  plan,  for  the  next  110  binding  affinities  corresponded  to  50  toxic 

equivalents,  i.e.  nearly  one-half  toxin  and  one-half  toxoid ; the  next  20 

• ■ binding  units,  hoAvever,  corresponded  only  to  6^  toxic  units,  i.e.  roughly 

< there  must  have  been  one  part  of  a toxin  and  two  parts  of  a toxoid — • 

j both  haA-ing,  of  course,  less  binding  affinity  for  antitoxin  than  the 

4 preA-ious.  Ehi’lich,  generally  speaking,  classifies  the  different  elements 

B'*  of  a crude  toxin  according  to  their  affinity  for  antitoxin  ; first  those  AAUth 

gi-eatest  affinity,  the  prototoxins,  with  their  corresj^onding  substances 
-4  Avith  equally  great  affinity  but  less  toxicity,  the  prototoxoids ; next  those 
i with  less  affinity  but  with  still  powerful  toxicity,  the  deuterotoxins 
(sometimes  called  mesotoxins),  which  also  have  corresponding  deutero- 
I toxoids ; next  the  tritotoxins  and  tritotoxoids.  According  to  Ehrlich’s 
general  nomenclature,  they  Avould  all  be  syntoxins  and  syntoxoids. 
I But  there  are  also  the  poisons  with  haptophorous  affinities,  Aveaker  than 

.*  any  true  toxin  haptophores,  and  also  Aveakened  toxophores.  These 

Aveakened  bodies  correspond  to  the  epitoxoids,  and  Ehrlich  noAv  prefers 
^ to  call  them  toxons.  He  has  found  evidence  of  these  in  very  young 

•_  diphtheria  cultures,  and  inclines  to  the  belief  that  they  are  actually 
formed  by  the  bacilli  without  going  through  a preAUOUs  more  highly 
toxic  stage.  These  toxoids  might  be  called  primary  toxons.  But,  as 
has  already  been  stated,  he  attributes  the  Aveakening  obserA^ed  in  crude 
toxins  Avhen  they  are  kept  under  ordinary  conditions  to  the  develop- 
. ment  from  toxins  of  toxoids  Avhich  might  be  called  secondary 

toxons. 

I From  analyses  of  crude  toxins  by  the  partial  saturation  method  at 

I different  periods  after  filtration,  Ehrlich  considers  that  in  many  cases  the 
t proto-,  deutero-,  and  trito-toxin  moieties  degenerate  into  corresponding 

I toxoids  or  into  loAver  toxoids  (i.e.  bodies  Avith  not  only  Aveaker  toxophorous 

I but  weaker  haptophorous  affinities)  in  definite  proportions  in  a giAmn  time, 

j Thus  in  the  case  of  the  proto-  and  deutero-to.xin,  present  in  a fresh  bouillon 

filtrate,  degeneration  may  occur  very  lapidly  in  half  of  the  amount  present, 
while  the  other  half  may  persist  unchanged  for  a long  period  ; tliere  is 
some  evidence  of  similar  changes  occurring  in  trito-toxin  (these  Elirlich 
often  refers  to  as  the  hcmitoxin  of  the  cori’osponding  toxin, — be  it 
proto-,  deutero-,  or  trito-).  Such  occurrences  Avould  serve  to  c.xplain 
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the  observation  that  after  filtration  the  toxic  power  of  a crude  toxin  may 
I’apidly  decrease ; but  after  a time  this  degenerative  process  ma}'  come  to 
an  end  and  the  toxicity  remain  nearly  constant  for  a long  period.  To 
represent  graphically  the  composition  of  crude  toxins  Ehrlich  introduced 
the  method  of  plotting,  the  result  of  which  he  called  toxin  spectra ; 
in  these  the  binding  affinities  are  ‘represented  on  the  horizontal  line 
(abscissa)  and  the  proportion  of  the  toxicity  present  to  the  absolute 
toxicity  on  the  vertical  ordinate ; an  example  is  found  in  Chart  3. 

Such  in  brief  outline  is  the  conception  which  Ehrlich  has  formed  of 
the  ultimate  nature  of  the  toxic  action  of  crude  diphtheria  toxin.  That 
substance,  under  the  conditions  which  ordinarily  obtain,  does  not  owe  its 
toxicity  to  one  substance,  but  to  a number  of  toxic  agents,  though  these 
probably  are  all  derived  from  one  product  of  the  bacterial  protoplasm,  or 
are  all  built  up  in  that  protoplasm  on  the  same  plan.  As  these  agents 
pass  into  the  fluids  in  which  the  diphtheria  bacilli  are  growing,  whether 
that  fluid  be  within  or  without  the  animal  body,  they  are  present  in 
two  chief  forms,  a powerful  form — true  toxin — causing  acute  symptoms, 
expressed  locally  in  oedema  generally,  in  fever  and  cardiac  weakness, 
and  a weaker  form — toxon — causing  after  an  interval  of  time  the 
paralyses  common  in  the  disease  as  it  occurs  in  nature.  Subsequently, 
at  least  in  ordinary  bacterial  filtrates,  the  toxins  degenerate  into  sub- 
stances at  present  indistinguishable  from  toxons.  Further,  according  to 
the  hypothesis,  the  affinities  in  the  different  toxins  through  which  the  com- 
bination -with  antitoxin  is  effected  differ  from  the  affinities  which  produce 
the  essentially  toxic  action.  It  is  evident  that,  as  has  been  alread}- 
remarked,  the  method  by  which  certain  purely  chemical  properties  in 
substances  are  deduced  from  their  toxicological  action  is  a novel  one, 
though  in  the  circumstances  it  is  the  only  one,  seeing  that  present 
chemical  methods  are  inadequate  for  obtaining  jjui’e  samples  of  the 
substances  under  investigation. 

Crilidsm  of  Ehrlich's  Views  hy  Arrhenius  and  Madsen. — It  is  thus  not 
surprising  that  the  hypothesis  should  have  been  criticised,  or  rather  that 
other  interpretations  of  the  facts  observed  should  have  been  advanced. 
Of  the  investigators  who  have  done  this  the  most  notable  are  Madsen 
(197)  and  Arrhenius  (10).  These  observers  have  worked  in  conjunction, 
the  former  approaching  the  questions  from  the  j)athological  standpoint 
and  the  latter  from  that  of  physical  chemistry.  Madsen  (196)  pub- 
lished, in  1899,  the  result  of  work  in  Ehrlich’s  laboratory  on  the  poison 
tetanolysin.  This  substance  has  been  alluded  to  as  occurring  in  some 
samples  of  crude  tetanus  toxin.  It  has  the  capacity  of  h£emol3^sing  red 
blood -corpuscles,  especially  those  of  the  horse  and  rablnt.  M'hen  it 
has  been  present  in  a crude  tetanus  toxin  used  for  immunising^ a hoise, 
an  antitetanolysin  is  developed.  This  appears  in  the  animals  seium, 
and  has  the  capacity  of  protecting  susceptible  red  blood -corpuscles 
against  the  hremolysing  effects  of  the  tetanolysin.  Tlie  intei  actions 
of  the  two  opposing  bodies  can  be  studied  by  means  of  test-tube  experi- 
ments. All  that  is  required  is  to  mix  appropriate  amounts  of  the 
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two  substances,  to  leave  them  together,  and  then  test  the  amount  of 
interaction  during  a given  time  adding  a suspension  of  red  blood- 
corpuscles  and  noting  whether  or  no  htemolysis  occurs.  The  facility  with 
which  this  can  be  done  as  compared  with  the  laborious  and  extended 
observations  required  when,  as  with  diphtheria  toxin,  an  animal’s  body 
is  the  field  of  experiment,  makes  it  easy  to  accumulate  very  extensive 
data  in  an  extremely  short  time.  In  one  of  his  earlier  papers  Ehrlich 
I (103)  admitted  that  it  was  impracticable  in  making  up  a spectrum  to  test 
‘ ' the  effect  of  adding  to  the  L{  dose  every  two-hundredth  fraction  of  an 
; immunitj-  unit.  With  the  amount  of  tetanolysin  necessary  for  complete 
I neutralisation  of  a given  amount, — arbitrary,  of  course, — of  antitetanolysin, 

k such  fractional  investigation  was  quite  easy.  If,  in  the  case  of  tetanolysin, 
t fractions  of  the  neutralising  body  differing  by  large  amounts  were  used, 
i.e.  if  a procedure  were  adojjted  similar  to  that  usual  with  diphtheria 

• investigations,  results  comparable  with  those  found  with  diphtheria  toxin 
were  obtained  j thus  if  ^ of  the  total  neutralising  amount  was  added, 
d-  of  the  total  hsemolytic  power  was  removed,  the  next  \ removed  f of 

. the  total  htemolytic  power,  and  the  following  y removed  of  the  total 
toxicity.  By  such  observations  it  was  possible  to  construct  a spectrum 
I showing  proto-,  deutero-,  and  trito  - toxin  zones  just  as  exist  in 

j Erhlich’s  conception  of  the  constitution  of  the  crude  dij)htheria  poison. 

But  if  to  the  moieties  of  the  tetanolysin  there  were  added  moieties 
, J of  the  antitetanolysin  differing  from  each  other  by  very  small  increments, 
. the  neutralisation  could  be  represented  by  a very  regular  curve 

without  the  sudden  drops  which  occur  in  Ehrlich’s  spectra,  and  which 
' s are  interpreted  by  him  as  indicating  the  termination  of  the  saturation 

I of  one  component  and  the  commencement  of  the  saturation  of  another. 

I Basing  their  argument  on  the  gradual  nature  of  the  neutralisation 

of  the  tetanolysin  Arrhenius  and  Madsen  compare  what  takes  place 
with  what  occurs  in  the  neutralisation  of  an  alkali  by  an  acid. 

This  compai'ison  was  facilitated  by  the  knowledge  that  alkalis  are 

• hsemolytic  agents.  This  had  been  observed  by  Danysz,  and  had  been 
employed  by  him  as  the  basis  for  a criticism  of  Ehrlich’s  views  similar  to 
that  of  Arrhenius  and  Madsen.  These  observers,  however,  extended 
its  application.  They  draw  attention  to  the  effect  on  the  htemolytic 
action  of  1 c.c.  of  ammonia  in  normal  solution  of  adding  normal 
hyrlrochloric  acid  in  varying  fractions.  They  point  out  that  the  addition 

r of  •2-9  c.c.  of  this  acid  removes  one-quarter  of  the  hsemolytic  action  of  the 

j ba.se,  '0  c.c.  one-half,  and  '75  c.c.  three-quarters.  The  antihsemolytic 

I action  of  the  acid  is  thus  directly  proportional  to  its  amount.  On  the 

[ other  hand,  a different  result  is  obtained  if,  instead  of  using  a powerful 

• acid,  a weak  acid,  boracic  acid,  is  employed  as  the  “antitoxin.”  Here 

1 C.C.  normal  acid  neutralises  oidy  50  per  cent  of  the  ammonia,  2 c.c.  GO 
per  cent,  4 c.c.  80  per  cent,  and  in  fact  neutralisation  is  never  really 
complete.  Aj)plying  Ehrlich’s  deductions,  Arrhenius  and  iUadsen  say  : 
*■  In  other  terms  ammonia  is  not  a sim])le  body,  but  consists  of  several 
com[)onents  of  different  to.xieity  (and  these  to.xicities  are  in  simple 
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reciprocal  proportions).  Of  these  compounds  the  toxin  with  the  greatest 
chemical  affinity  is  first  neutralised.”  They  put  a dilferent  interpretation 
on  their  observations.  According  to  the  conceptions  of  modern  physical 
chemistry,  the  strength  of  an  acid  or  a base  depends  on  the  ready 
electrolytic  dissociation  of  the  hydrogen  or  hydroxyl  (OH)  ions  which 
their  molecules  contain.  In  the  case  of  the  union  of  hydrochloric  acid 
and  caustic  soda  electrolytic  dissociation  is  ready,  and  almost  wherever 
the  bodies  are  brought  together  the  neutral  salt  NaCl  is  formed  and 
no  free  H or  OH  ions  remain.  In  the  case  of  weak  acids  or  bases, 
such  as  boracic  acid  and  ammonia,  dissociation  is  weak,  and  thus  certain 
molecules  of  the  two  bodies  may  remain  in  contact  for  a time  without 


Chart.  1 — Graphic  repi’esentation,  given  by  Arrhenius  and  Madsen,  of  the  neutralisation  of  amnpnia 
by  hydrochloric  acid  on  the  one  hand,  and  by  boracic  acid  oil  the  other.  Tlie  vertical  ordinate 
represents  one  etiuiNaleiit  of  aiuinonia  ; on  the  horizontal  absci.ssa  the  divisions  represent  equna- 
leiits  of  acid.  In  the  case  of  the  hydrochloric  acid  it  will  be  seen  that  one  equivalent  ot  the 
acid  completely  neutralises  the  equivalent  of  ammonia,  and  the  reaction  is  thus  represented  by  a 
straight  line.  With  boracic  acid  one  equivalent  neutralises  only  half  of  the  ainmoma,  and  even 
when  seven  equivalents  are  present  there  is  still  some  aiumouia  free.  The  reaction  is  thus  repre* 
seiited  by  a curve,  and  resembles  the  curve  in  Chart  ‘2. 


any  change  occurring.  Further,  and  this  is  even  more  important,  the 
ammonium  borate  formed  may  be  dissociated  into  its  constituents ; in 
other  words,  the  reaction  between  their  constituents  is  reversible.  Now, 
in  comparing  the  curve  obtained  in  studying  the  hjcmolytic  action  of 
tetauolysin  with  that  obtained  with  the  hfemolytic  action  of  ammonia  a 
great  similarity  was  observed,  and  therefore  Arrhenius  and  Madsen  have 
advanced  the  view  that  tetanolysin  and  antitetanolj'sin  possess  for  each 
other  a relatively  weak  affinity,  that  the  union  is  thus  slow,  and  that  the 
reaction  is  reversible,  the  lysin-antilysiu  compound  being  capable  of 
splitting  up  into  the  molecules  from  which  it  was  derived.  Both  reactions 
can,  it  is  held,  he  calculated  according  to  what  is  kno-wn  as  the  Guldberg- 
Waage  law  of  mass  action,  that  “ the  rate  of  chemical  action  is  proportional 
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to  the  active  mass  of  each  of  the  reacting  substances.”  From  the  fact 
that  observations  made  along  similar  lines  on  a diphtheria  toxin  by 
Dreyer  and  IMadsen  (90)  revealed  no  evidence  of  sudden  transitions  in 
the  effects  of  fractional  saturation  by  antitoxin,  but  a slow  progress  which 
could  be  expressed  by  a curve,  Madsen  is  inclined  to  extend  his  inter- 
pretation of  the  lysin  phenomenon  to  explain  the  composition  of  crude 


Chart  2.— Oraphic  reprc.sentation  of  neutrali.sation  of  toxin  hy  antitoxin.  Tho  doses  of  antitoxin  are 
represented  along  tlie  liorizontal  line  (axis  of  abscissa),  wliile  th(!  toxicity  coiTesponding  to  eacli 
dr)*e  is  represented  by  the  vertical  ordinates.  Tlie  crosses  in  relation  to  tlie  curve  clironicle  tlie 
actual  olwervations  ; tlie  curve  itself  is  derived  from  the  mathematical  interpretation  of  the  inter- 
relations of  the  observed  facts ; the  close  correspondence  of  the  observed  -with  the  calculated 
values  is  apparent.  Tlie  stair-step  line  shews  how,  on  the  Ehrlich  hypothesis,  the  facts  would  Ixi 
Interpreterl,— it  is  in  fact  a si>ectrum.  (Coin]iare  with  right-hand  ixirt  of  Chart  3.) 

diphtheria  poison.  According  to  such  a view  Ehrlich’s  observations  on 
the  pirtial  saturation  of  diphtheria  toxin  are  not  to  be  explained  by 
HUppftsing  that  a number  of  bodies  with  different  affinities  and  different 
toxic  actions  are  present  in  the  crude  toxin  ; but  by  supposing  that  the 
toxin  and  antitoxin  have  a weak  affinity  for  each  other  and  that  the 
reaction  is  reversible.  In  this  connexion  the  difficulty  is  encountered  that 
apparently  toxin  and  toxoid  have  different  effects,  the  former  producing 
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the  acute  symptoms  and  the  latter  the  paralytic.  In  the  particular 
toxin  -which  Dreyer  and  Madsen  jointly  investigated,  they  found  what 
they  took  to  be  evidence  that  the  same  body  can  be  responsible  for  the 
two  classes  of  effects,  and  that  these  are  to  be  explained  by  a considera- 
tion of  differences  of  dosage. 

Ehrlich’s  Pvcply  to  Arrhenius  and  Madsen. — The  original  -sdews  of 
Ehrlich  and  the  later  criticism  of  Madsen  and  Arrhenius  are  those  which 
at  present  hold  the  attention  of  pathologists,  and  from  the  nature  of  the 
case  are  likel}’-  for  a eonsiderable  time  to  afford  material  for  discussion. 
As  no  definite  opinion  can  possibly  be  expressed  as  to  the  merits  of  the 
two  views,  we  must  be  content  with  outlining  the  ^joints  of  the  discussion, 
which  is  at  jDresent  only  in  its  earlier  stages.  Ehrlich  (105)  holds  to  his 
original  view  unshaken,  and  criticises  the  results  of  Arrhenius  and 
Madsen  in  that,  unlike  ordinary  physico-chemical  researches,  in  the 
tetanolysiii  work  purity  of  reagents  was  unattainable.  He  insists  on  the 
necessity  for  each  toxin  being  considered  by  itself,  and  objects  to 
genei’alisations  being  made  even  regarding  one  particular  toxin  until 
many  examples  of  this  to.xin  derived  from  different  strains  of  bacilli  have 
been  examined ; and  he  cites  many  examples  of  differences  in  not  only 
the  components,  but  also  arrangement  of  components,  in  different  samples 
of  diphtheria  toxin  examined  by  him.  For  instance,  great  difficulties 
ha^m  arisen  as  to  the  interpretation  of  a phenomenon  observed  by  Dreyer 
and  JMadsen  (91)  in  the  case  of  a particidar  diphtheria  toxin,  in  that  the 
L„  dose  for  the  guinea-pig  was  not  the  L„  dose  for  the  rabbit.  Ehrlich, 
while  explaining  the  occurrence  by  supposing  the  presence  in  this 

particular  to.xin  of  certain  degenerated  toxoids  to  which  the  rabbit  may 
be  particidarly  susceptible,  brings  forward  the  new  observation  that  the 
greater  susceptil)ility  of  the  rabbit  is  not  observable  with  all  strains  of 
diphtheria  toxin,  as  he  has  observed  toxins  where  the  L„  dose  was  the 
same  for  both  the  rabbit  and  the  guinea-pig.  Ehrlich,  however,  bases 
his  chief  objections  to  Madsen’s  criticisms  on  what  he  holds  to  be  a fact, 
that  diphtheria  toxin-antitoxin  reactions  cannot  always  be  expressed  in 
curves.  In  one  case  there  were  50  M.L.D.  in  the  L„  value  of  the 

toxin.  With  partial  saturation  of  this  crude  toxin,  no  free  toxin 

appeared  with  the  fractions  greater  than  half  saturation.  Below  this 
point,  for  every  less  antitoxin  added,  1 jM.L.D.  appeared  free.  In 

another  case  (see  Chart  3)  of  similar  partial  saturation,  in  the  fractions 
between  .V-^  and  Ag-g-  the  value  of  each  toxin  equivalent  was  only  ■nV  > 
between  ig-g-  and  each  unit  contained  1 M.L.D. ; from  to  zero 

each  unit  contained  only  h M.L.D.  Here  again  there  is  no  evidence  of 
a gradual  neutralisation  of  one  substance.  In  the  former  example^  given 
there  was  a definite  uniform  toxicity  equal  to  ^ M.L.D.  for  each  binding 
unit  up  to  half  saturation,  and  then  the  disappearance  of  any  evidence  of 
further  true  to.xin  being  present  in  the  crude  product.  In  this  second 
instance  up  to  the  72nd  binding  unit  there  is  hemitoxin,  with  which 
each  binding  unit  represents  true  toxin  present  in  i M.L.D. ; then  there 
is  the  sudden  appearance  of  a to.xin  of  which  each  binding  unit  repre- 
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sents  the  true  toxin  present  in  1 ^I.L.D.  ; this  lasts  till  the  115th  unit 
is  reached.  These  saltations  in  the  spectral  analyses  are,  according  to 
Ehrlich,  not  capable  of  expression  by  a curve,  nor  are  they  compatible 
with  the  idea  that  the  occurrences  in  the  Ehrlich  phenomenon  are 
to  be  looked  on  as  due  to  a reversible  reaction  between  two  substances. 
Ehrlich  holds  that  Arrhenius  and  Madsen  are  in  error  in  transferring 
their  deductions  made  on  tetanolysin  to  the  observed  facts  regarding 
diphtheria  toxin,  in  that  the  avidity  of  the  former  for  its  antitoxin  is 
small,  and  thus  the  reaction  being  slow  can  be  expressed  in  a curve ; 
on  the  other  hand,  the  avidity  of  diphtheria  toxin,  in  its  purest  forms, 
for  antitoxin  is  great,  and,  as  in  the  first  example  cited  above  (that 
containing  50  parts  hemitoxin),  can  be  expressed  by  a straight  line. 
Further,  they  are  mistaken  in  that  while  they  admit  the  existence 
of  toxoids,  they  only  admit  that  they  have  obtained  evidence  of  the 
existence  of  prototoxoids,  i.e.  of  bodies  having  a more  powerful  hapto- 
phorous  group  than  the  true  toxins  while  possessing  a weaker  toxo- 


Chaet  3. — Spectrum  given  by  Ehrlich  of  the  toxin  referred  to  in  the  text,  in  which  the  moiety  with 
-itrongest  haptophorous  affinities  (marked  hemitoxin, — really  a liemitoxin  of  a prototoxin)  shewed 
less  toxicity  than  that  possessing  the  next  strongest  affinities  (marked  mesotoxin, — really  to  be 
looke«i  on  as  a deutero toxin).  In  the  tritotoxin  zone  most  of  the  toxin  has  degenerated  into 
toxoid. 


phorous  group.  The  occurrence  of  these  would  not  satisfy  the  facts 
Ehrlich  has  observed,  e.g.  the  occmrence  of  prototoxin  in  what  %vould 
be  expected  to  be  a deuterotoxin  zone,  e.g.  mesotoxin  zone  in  Chart 
•3.  Ehrlich  gives  as  an  example  here  what  would  happen  in  the 
neutralisation  by  alkali  of  a mixture  of  hydrochloric  acid  Avith  prussic 
acifl.  Here  the  hydrochloric  acid  Avould  correspond  to  the  prototoxoid 
in  that  Avhile  it  was  the  more  powerful  acid  gua  acid,  it  is  the  Aveaker 
toxic  agent  to  protoplasm.  This  acid  Avould  be  Avholly  neutralised  before 
the  neutralisation  of  the  pru.ssic  acid  commenced,  and  the  neutralisation 
of  the  latter  Avould  proceed  as  if  no  hydrochloric  acid  had  been  present. 
Arrhenius  (7)  in  his  reply  upholds  his  earlier  position,  that  the  tctanolysiii- 
antitetanolysin  reaction  is  best  interpreted  hy  comparison  Avith  the 
neutralisation  of  boracic  acid  by  ammonia,  and  denies  that,  as  Ehrlicli 
holds,  the  neutralisation  of,  say,  <an  <*icid  l)y  a mixture  of  a sti’ong  and  of 
a Aveak  Ixise  could  ever  resemble  neutralisation  of  an  acid  by  a single 
weak  base.  With  regard  to  the  cases  in  which  Ehrlich  has  olAseiwcd  in 
spectra  (r.  Chart  3)  zones  of  great  toxicity  interjroscd  betAvecii  zones  of 
ess  toxicity,  it  is  probable  that  .Arrhenius  and  .Madsen  Avould  hold  that 
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there  were  in  such  cases  a series  of  bodies  acting,  and  that  the  phenomena 
when  graphically  represented  are  to  be  interpreted  as  due  to  the  super- 
position of  different  curves.  They  have,  however,  apparently  not 
admitted  that  in  any  circumstances  the  dijAtheria  toxin-antitoxin 
reaction  can  be  rejwesented  by  a straight  line. 

That  weakened  to.xins  do  exist  there  can  be  no  doubt.  In  diphtheria 
evidence  that  the  substances  which  kill  slowly  by  paralysis  are  the  same 
as  those  which  kill  quickly  with  general  symptoms,  has  been  found  in 
the  experiments  of  Dreyer  and  Madsen  (91),  who  shewed  that  if  the 
powerful  toxins  in  a mixture  were  neutralised  by  antitoxin  (the  pai’alysis- 
producing  bodies  being  left  intact),  and  if  such  a mixture  were  used  for 
jjroducing  immunity,  the  immunity  was  effective  against  both  the  strong 
and  weak  toxins. 

Present  Position  of  the  Controversij. — While  the  controversy  as  to  the 
ultimate  interpretation  of  the  facts  observed  must  be  stated  to  be  still  going 
on,  there  is  a growing  accumulation  of  data  to  shew  that  a great  man}' 
■toxin-antitoxin  reactions  take  place  along  the  same  lines  as  those  relating 
to  diphtheria  and  tetanolysin.  These  are  summarised  by  Madsen  (197), 
who  has  shewn  such  similarities  in  the  antagonism  of  ricin  and  antiricin, — 
with  Walbum  (200), — of  rennet  and  antirennet,  of  the  venoms  of  colira, 
rattlesnake,  and  water  moccasin  venoms  with  their  antibodies,  of  botulis- 
mus  toxin  and  antitoxin  (198),  and  also  in  the  antagonism  of  saponin  and 
cholesterin,— with  Noguchi  (199).  (This  last  case  is  specially  interesting, 
as  it  is  an  example  of  a toxin  and  antitoxin  reaction  occurring  in  bodies 
whose  constitution  is  more  or  less  known.)  In  further  investigations  he 
has  adduced  experimental  evidence  for  the  reversibility  of  the  toxin- 
antitoxin  reaction.  This  evidence  consisted  in  the  separation  by 
dissociation  of  toxin  from  its  combination  with  antitoxin.  In  any 
mixture  where  neutralisation  is  taking  place,  there  is  at  any  moment  an 
equilibi'ium  between  the  amount  of  free  toxin,  the  amount  of  free  anti- 
toxin, and  the  toxin-antitoxin  combination  which  has  already  been 
formed.  This  equilibrium  is  disturbed  at  any  moment  liy  a change  in 
the  amount  of  any  of  the  bodies  concerned.  M’  hat  may  be  called  the 
normal  disturbance  of  the  equilibrium  results  from  the  constant  formation 
of  the  toxin-antitoxin  body,  but  it  Avill  be  disturbed  if,  otherwise  than  by 
entering  into  this  combination,  the  amount  of  either  the  toxin  or  anti- 
toxin in  the  mixture  is  diminished.  If  this  hajipens,  then  the  reversibility 
of  the  reaction  Avill  be  indicated  by  a ncAV  equilibrium  being  established  b} 
the  splitting  ujd  into  its  oi’iginal  constituents  of  the  toxin-antitoxin  body. 
Madsen  and  Walbum  (200)  adduce  evidence  of  such  an  occurrence. 
A mixture  of  ricin  and  antiricin  Avas  taken  at  a period  in  the  reaction 
Avhen  there  Avas  so  little  free  ricin  that  no  toxic  effect  in  guinea-pigs  Avas 
traceable.  Tavo  c.c.  of  such  a mixture  Avere  poured  on  the  surface  of  a tube 
of  10  per  cent  gelatin,  and  alloAA'ed  to  stand  at  2-3  C.  for  66  da}s,  A\hen 
the  fluid  Avas  poured  oft’  and  the  surface  of  the  medium  Avashed  Avith  steiile 
salt  solution.  The  upper  i cm.  of  the  gelatin  Avas  mixed  with  1 M-LT).  of 
the  toxin  and  injected  into  a guinea-pig  Avith  no  result.  The  deduction 
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is  that  free  antitoxin  had  ditlused  into  the  gelatin  from  the  neutral  mix- 
ture in  sufficient  amount  at  least  to  neutralise  this  amount  of  toxin.  Part 
of  the  10  cm.  of  the  gelatin  below  the  upper  zone  killed  a guinea-pig  in 
4.V  days.  The  rest  was  mixed  Mutli  400  immunity  units  of  antitoxin, 
and  on  injection  produced  a temporary  cedema.  Thus,  there  was  evidence 
that  both  free  antitoxin  and,  what  is  more  significant,  free  toxin  could 
be  recovered  from  a previously  neutral  mixture  of  the  two  bodies.  The 
interpretation  put  on  the  experiment  was  that  the  toxin-antitoxin  com- 
I bination  could  be  split  up,  and  that  thus  the  reaction  tvas  reversible. 

L On  the  other  hand  Calcar,  working  in  a similar  way  tvith  diphtheria 

, toxin  and  antitoxin,  states  that  the  longer  the  mixtures  are  ke23t  standing 

before  being  placed  on  gelatin,  the  less  evidence  is  there  of  diffusion 
from  the  mixture  into  the  gelatin.  There  is  no  doubt  that  this 
question  of  the  determination  of  neutralisation  and  the  definition  of 
1 the  term  is  of  imminent  joractical  importance.  In  the  a^aiDlication 

i of  the  toxicological  method  of  determining  neutralisation  a mixture 

will  appear  neutral  as  long  as  there  is  a certain  excess  of  the  non- 
r toxic  substance,  even  though  complete  saturation  of  the  toxin  has 

not  occurred  previous  to  injection  into  the  test-animal.  If,  as  we  shall 
J see  reason  for  supposing,  the  toxin  is  absorbed  more  quicklj^  than  the 
antitoxin,  the  portion  of  the  former  substance  still  free  at  the  moment  of 
\ ' injection  may  be  distributed  over  the  body  and  produce  a toxic  effect. 

* The  superfluous  antitoxin  injected  being  more  slowly  absorbed,  may  yet 
be  present  in  sufficient  quantity  to  prevent  the  free  toxin  having  a fatally 

J pathogenetic  effect.  It  may  either  combine  with  toxin  free  in  the  body, 
i.e.  the  combination  in  vitro  may  be  continued  in  vivo,  or  the  probably 
^ more  complicated  theraiseutic  effects  of  the  antitoxin  may  come  into 

♦ play-  There  is  no  doubt  that  this  question  of  the  exact  neutralisation- 

^ point  of  a toxin-antitoxin  mixture  is  full  of  difficulties,  and  it  may  be 

^ that  some  of  the  results  hitherto  chronicled  will  require  revision.  As  an 

instance  of  the  complexity  of  the  subject,  it  may  be  said  that  Morgenroth 
(246)  has  shewn  that  the  discrepancies  observed  by  Dreyer  and  Madsen 
between  the  L„  dose  of  diphtheria  toxin  disappear  if  the  injection  be 
I made  intravjiscularly  in  each  case  (in  the  guinea-jaig  injection  directly 
into  the  ventricle  of  the  heiirt  being  employed),  and  if  the  mixtures  before 
injection  are  kept  for  60-80  minutes  at  40°  C.  followed  by  24  hours  at 
21  C°.  The  necessity  for  care  in  the  estimation  of  neutralisation  was 
further  shewn  by  Wassennann  and  Bruck  (347).  These  observers 

(•  shewed  that  if  a mixture  of  tetanus  toxin  and  antitoxin  api)arently 

neutral  under  ordinary  conditions  were,  within  1 hour  of  mixing,  injected 
into  the  foot  of  an  animal  along  with  a dose  of  suprarenal  extract 
sufficient  to  cause  contraction  of  the  blood-ve.ssels,  death  now  occurred. 
This  is  due  to  the  fact  that,  as  shewn  by  Meyer  and  Kansom  tetanus 
toxin  is  absorbed  by  the  axis  - cylinders  of  the  perijjheral  nerves 
while  antitoxin  passes  into  the  body  b}'  means  of  the  blood-stream.  In 
the  experiments  of  Wassemaiin  and  Bruck,  the  body  thus  sorted  out 
the  two  free  moieties  of  the  constituents  of  the  to.xin-antitoxin  mixture, 
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the  union  in  vivo  was  prevented,  and  the  toxin  had  the  opportunity  of 
working  its  usual  toxic  effect.  It  was,  however,  further  found  by  these 
observers  that  if  more  than  one  hour  elapsed  between  the  mixture  being 
made  up  and  its  injection  along  with  the  adrenalin  injection,  then  death 
did  not  occur.  In  other  words,  the  bodies  were  now  completely  combined. 

In  recent  times  there  has  been  a considerable  tendency  in  various 
directions  for  an  attitude  to  be  taken  up  independent  of  that  of  either  of  the 
protagonists  in  this  controversy.  There  have  been  for  a long  time  certain 
facts  which  seemed  difficult  of  explanation  on  the  view  that  the  toxin-anti- 
toxin reaction  took  place  on  ordinary  chemical  lines.  Chief  among  these 
were  the  observations  by  Dreyer  and  Madsen  (9 1 ) already  referred  to,  that 
a mixture  of  diphtheria  toxin  and  antitoxin  neutral  for  the  one  animal 
species  might  not  be  neutral  for  another  species.  There  was  also  the 
observation  by  Roux  and  Vaillard,  that  a tetanus  toxin  - antitoxin 
mixture  neutral  for  a normal  guinea-pig  might  not  be  normal  for  a 
guinea-pig  previously  infected  with  a pathogenetic  vibrio.  It  appeared 
that  the  question  of  toxin-antitoxin  reaction  must  be  looked  at  not 
merely  as  a reaction  in  which  two  foreign  substances  took  part,  but  one 
in  which  a third  element,  namely,  the  animal  in  which  the  reaction  was 
taking  place,  had  to  be  considered.  It  is  thus  not  surprising  that  in 
many  minds  doubts  should  exist  as  to  the  possibility  of  an  ordinary 
simple  chemical  explanation  of  this  phenomena  being  sufficient.  In  this 
connexion  we  may  first  refer  to  the  criticisms  of  Bordet  (40).  We  shall 
see  later  that,  with  regard  to  another  aspect  of  Ehrlich’s  hypothesis,  this 
observer  is  inclined  to  think  that  reactions  similar  to  the  toxin-antitoxin 
reaction  may  be  looked  on  not  as  the  result  of  actual  chemical  union,  but 
as  analogous  to  the  taking  up  by  a texture  of  a dye ; here  we  have  to 
do  with  Bordet’s  views  on  the  toxin-antitoxin  reaction  itself.  These  are 
based  on  certain  phenomena  observed  in  the  neutralisation  of  a haemolytic 
poison  and  its  antitoxin,^  and  Bordet’s  main  position  is  that  when  the  toxin 
conies  in  contact  with  excess  of  antitoxin  it  does  not  merely  combine  with  Ji 
moiety  corresponding  to  its  amount,  but  it  affects  the  whole  of  the  anti- 
body present.  The  evidence  on  which  this  opinion  rests  is  of  the  following 
nature : — The  amount  of  the  toxin  necessary  to  produce  haemolysis  in  a 
certain  amount  of  blood  was  ‘05  c.c.,  the  time  occupied  being  half  an  hour, 
and  the  amount  of  antitoxin  necessary  to  neutralise  this  amount  was 
•3  c.c.  Now,  a mixture  of  1'2  c.c.  of  toxin  and  -3  c.c.  antitoxin  did  not 
effect  an  haemolysis  in  less  than  7 0 minutes.  Bordet  states  that,  according 
to  Ehrlich’s  view,  there  should  have  been  '9  of  free  toxin  in  this  mixture, 
i.e.  eighteen  times  the  amount  necessaiy  to  cause  haemolysis  in  half  an  hour. 
Bordet  also  made  what,  we  shall  see  presently,  is  a most  importa,nt 
observation,  namely,  that  if  to  a dose  of  antitoxin  sufficient  to  neutralise 
a given  amount  of  toxin  the  latter  be  added  in  two  fi'actions  with  an 


' The  hiemolji^io  agent  is  the  .alexin  of  normal  serum  which  we  .shall  h.ave  to  disciiss  at 
length  later.  As  we  .shall  see.  it  does  not  act  directly  on  the  corpuscles  but  by  the  inter- 
mediary of  another  body.  As,  however,  this  is  quite  immaterial  to  the  present  di.scussion 
we  omit  all  reference  to  the  complication. 
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interval  of  time  between  them,  the  antitoxin  is  no  longer  sufficient  for 
neutralisation.  He  further  found  that  though  a small  amount  of  free  toxin 
conld  htemolyse  the  test-dose  of  corpuscles  more  quickly  than  a large 
amount  of  a toxin  which  was  being  acted  on  l)y  antitoxin,  yet  if  an 
excess  of  corpuscles  were  employed  in  each  case,  then  in  a given  time 
a much  greater  amount  of  hemolysis  resulted  with  the  partially  combined 
than  with  the  completely  free  to.xin. 

This  work  undoubtedly  comes  into  line  ^vith  the  views  of  other 
observers,  who  find  a solution  of  the  difficulties  by  considering  the 
phenomena  explicable  on  the  supposition  that  in  the  toxin -antitoxin 
reaction  there  is  not  a chemical  combination  in  the  ordinary  sense  of  the 
Avord,  but  that  Ave  haA^e  here  an  example  of  the  interaction  of  bodies  in 
the  colloidal  state.  According  to  this  vieAv  the  relation  of  the  antitoxin 
to  the  toxin  is  one  of  what  is  denominated  adsoi'ption.  The  smaller 
molecule  of  the  toxin  is  entangled  in  the  large  molecule  of  the  antitoxin, 
very  much  in  the  way  in  Avhich  a dye  is  entangled  in  the  structure  of  a 
thread  without  entering  into  combination  with  it.  This  position  Avas  fully 
discussed  in  a congress  of  physical  chemists  held  in  1904,  at  Avhich  both 
Ehrlich  and  Arrhenius  Avere  present  (9).  Here  certain  observations  of 
V.  Hungern  (93)  were  adduced  as  fatal  to  the  idea  that  the  toxin-antitoxin 
reaction  is  reversible.  The  experiment  was  as  folloAvs : — The  M.L.D., 
L„  and  L^,  values  of  a toxin  Avere  determined  in  the  usual  Avay.  To  a 
series  of  tubes  containing  single  immunity  units  amounts  of  toxin  corre- 
sponding to  about  the  L,,  and  L{  valires  Avere  added,  not  all  at  once,  but 
each  in  two  moieties.  The  mixtures  containing  the  first  moiety  were 
allowed  to  stand  for  a considerable  period — often  for  24  hours — and 
then  in  each  case  the  second  moiety  Avas  added,  and  the  Avhole  left  for 
some  hours  longer.  The  effect  Avas  that  AAffiat  corresponded  to  the  L( 
value — i.e.  the  value  Avhich  contained  one  M.L.D.  free — Avas  found  to  be 
lower  than  if  all  the  toxin  had  been  added  at  one  time  to  the  immunity 
unit.  Thus,  AA'hen  tested  in  the  ordinary  way,  the  L„  dose  Avas  ‘6  c.c.  and 
the  L<  dose  '78  c.c.,  but  Avhen  to  one  immunity  unit  ’6  c.c.  toxin  was  added 
in  two  moieties,  it  Avas  found  that  the  final  mixture  Av^as  no  longer  neutral, 
but  killed  a guinea-pig  in  the  test-time — in  fact  the  fatal  dose  Avas  ’59  c.c. 
Thus  the  dose  Avas  noAv  actually  less  than  the  original  Lo  dose.  Hoav, 
it  is  held  that  .such  a phenomenon  could  not  hapj)en  if  the  toxin-antitoxin 
reaction  Avere  reversible.  If,  as  Ehrlich  puts  it,  Ave  take  as  an  example 
of  a rev'ensible  combination  the  case  of  acetic  acid  (representing  toxin) 
acting  on  alcohol  (repre.senting  antitoxin),  Avhat  occurs  is  quite  difl’erent. 
If  we  make  a mixture  A by  adding  to  an  eqiUA'alent  of  alcohol  one-third 
of  an  equiA'alent  of  acetic  acid  a condition  of  equilibrium  is  obtained. 

e put  this  aside  for  a time  and  then  add  the  remaining  tAvo-tliirds  of 
the  equivalent  of  acetic  acid.  If,  at  the  time  of  the  second  addition,  avo 
take  a mixture  If,  containing  an  cquiAmlent  of  alcohol,  and  add  to  it  at 
once  a full  equivalent  of  acetic  acid,  in  a very  short  time  the  quantities 
of  comlnnations  present  in  the  two  mixtures  arc  identical.  It  Avas  further 
shown  by  Biltz  during  the  discussion  just  referred  to  that  a ])henomenon 
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identical  with  the  Ehrlich  phenomenon  is  observable  in  inorganic  sub- 
stances in  the  reaction  of  arsenic  acid  with  the  colloid  hydrous  ferrous 
oxide  (FeO.OH). 

The  phenomena  of  the  neutralisation  by  its  antilysin  of  the  lysin 
produced  by  the  B.  megatherium  has  been  studied  by  Craw  (74).  This 
observer  found  that  free  lysin  is  present  in  neutral  mixtures  and  in 
mixtures  containing  excess  of  antilysin,  that  free  antilysin  exists  in 
neutral  mixtures  and  in  mixtures  containing  excess  of  lysin,  and  that 
the  reaction  is  at  least  partially  reversible  when  excess  of  antilysin  is 
present,  but  that  nevertheless  the  neutralisation  - equation  of  Arrhenius 
and  Madsen  does  not  hold  for  all  mixtures  as  it  should  do  if  the  action 
were  reversible  in  the  sense  in  which  they  use  the  word.  Craw  concludes 
that  the  removal  of  lysin  from  a solution  by  antilysin  cannot  be  interpreted 
as  a purely  chemical  change,  but  is  more  analogous  to  certain  adsorp- 
tion phenomena. 

It  is  evident  that  these  considerations  are  of  the  highest  importance, 
and  they  open  up  possibilities  which  may  necessitate  reconsideration  of 
the  whole  subject.  The  interactions  of  substances  in  the  colloid  state  have 
hitherto  received  comparatively  little  attention,  and  much  knowledge  is 
desirable  regarding  the  relationships  of  molecules  which  are  bound  to  one 
another  without  being  actually  united.  With  regard  to  the  subject  in 
hand  it  is  clear  that,  though  Ehrlich  has  adduced  evidence  favourable  to 
the  Ehrlich  phenomenon  being  explicable  by  substances  in  the  colloidal 
state,  the  parts  played  by  toxins  on  the  one  hand  and  toxoids  on  the 
other  in  the  reaction  has  still  to  be  explained ; and  further,  the  existence 
of  a colloid  element  in  the  reaction  might  necessitate  a revision  of  the 
very  definite  views  advanced  regarding  the  existence  of  specific  hapto- 
phorous  and  toxophorous  groups  in  the  toxin  molecule. 

The  Behaviour  of  Toxin  in  a susceptible  Animal. — ^AVe  must  now 
pass  to  consider  Ehrlich’s  views  so  far  as  they  deal  with  the  nature 
and  origin  of  antitoxins.  First  we  must  ask  how,  on  Ehrlich’s  view, 
toxins  act  on  the  body.  We  have  seen  that  he  considers  the  ultimate 
toxin  molecule  to  possess  haptophorous  and  toxophorous  affinities, 
and  that  in  an  in  vitro  combination  with  antitoxin  the  haptophorous 
group  saturates  a corresponding  affinity  in  the  antitoxin  molecule. 
Now,  he  further  holds  that  when  toxin  is  introduced  into  the  body  of  a 
susceptible  animal  it  is  fixed  in  the  susceptible  cells  by  its  haptophorous 
grouji,  and  that  subsequently  the  essential  toxic  effect  is  the  work  of  the 
toxophorous  group.  AA^hen  such  a toxin  as  that  of  the  tetanus  bacillus 
acts  in  the  body,  a period  elapses  between  its  introduction  and  the  appear- 
ance of  symptoms.  The  question  arises,  AA’^here  is  the  poison  located 
during  the  period  of  incubation?  According  to  Ehrlich  (9/)  it  has  been 
shewn  by  Heymans  that  it  rapidly  disappears  from  the  circulating  blood. 
This  observer  injected  a lethal  dose  of  toxin  into  an  animal,  and  imme- 
diately afterwards  replaced  the  blood  of  the  animal  by  transfusing  into  it 
the  blood  of  another  animal.  Notwithstanding  this  it  succumbed  to 
typical  tetanus.  In  the  interval  between  the  toxin  injection  and  the 
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transfusion  the  poison  had  thus  been  taken  up  by  the  tissues.  Diinitz 
(S7)  produced  evidence  leading  to  a similar  conclusion  by  studying  the 
dose  of  antitoxin  necessary  to  neutralise  the  effect  of  a given  amount  of 
tetanus  toxin.  The  latter  was  introduced  into  a vein  of  one  ear  of  a 
rabbit,  and  into  a vein  of  the  other  ear,  after  various  periods  of  time,  the 
antitoxin  was  injected.  If  the  antitoxin  were  injected  before  the  toxin, 
1 c.c.  of  a 1 in  2000  dilution  vas  sufficient  to  prevent  death ; if  the  anti- 
toxin were  injected  4 minutes  after  the  given  amount  of  toxin  1 c.c.  of 
a 1 in  600  dilution  was  necessary;  if  15  minutes  elapsed  1 c.c.  of  a 1 in 
100  solution  was  required.  Similar  facts  were  observed  with  diphtheria 
toxin.  The  deduction  made  is,  that  during  the  few  minutes  elapsing 
after  injection  at  least  one  M.L.D.  has  jjassed  out  of  the  blood  where 
otherwise  it  would  meet  and  be  combined  with  the  antitoxin  introduced. 
After  the  toxin  had  passed  out  of  the  blood  the  method  by  which  the 
antitoxin  could  act  would  be  along  the  lines  of  its  specially  therapeutic 
effect.  Given  that  the  toxin  passes  out  of  the  blood,  the  question  of  its 
situation  still  remains.  According  to  Ehrlich’s  view  of  such  a disease  as 
tetanus,  seeing  that  manifestly  the  central  nervous  system  is  chiefly 
affected  by  the  poison,  it  would  probably  be  there  that  the  toxin  would 
be  fixed.  In  this  connexion  we  have  the  much-discussed  experiments 
of  Wassermann  and  Takaki.  These  observers  studied  the  effects  of 
placing  the  tissue  of  the  brain  of  the  guinea-pig  in  contact  with  tetanus 
toxin,  and  they  found  that  if  the  brain  were  thoroughly  bruised  in  a 
mortar  and  mixed  Avith  toxin  it  was  capable  of  neutralising  the  action  of 
a considerable  amount  of  the  poison.  They  also  state  that  if  the  emulsion 
of  the  brain  Avere  injected  into  an  animal  it  Avas  capable  of  protecting 
that  animal  against  the  subsequent  injection  of  an  otherwise  lethal  amount 
of  toxin.  It  was  found  that  in  other  animals,  e,.(j.  man,  the  horse,  similar 
properties  were  possessed  apparently  by  the  brain  alone ; but  in  the  case 
of  the  rabbit  the  liver  and  the  spleen  shared  Avith  the  brain  the  fixing 
capacity.  These  observ'ations  have  in  the  main  been  confirmed  by 
Metchnikoff  (232),  Marie  (209),  Knorr  (160),  and  others.  According 
to  Milchner  (242),  if  the  mixture  of  brain  emulsion  and  toxin  be  centri- 
fuged there  is  no  free  toxin  in  the  fluid,  and  from  this  it  is  concluded 
that  the  toxin  is  attached  to  the  dbbris  of  the  cells.  An  important 
question  in  this  connexion  is  Avhether  the  neutralisation  of  toxin  is  an 
attribute  only  of  the  brains  of  animals  susceptible  to  tetanus.  This 
Metchnikoff  denies.  The  frog,  though  not  susceptible  to  tetanus  Avhen 
kept  at  loAv  temperatures,  sheAvs  susceptibility  Avhen  its  external  tem- 
perature is  rai.sed,  yet  its  brain  shews  no  capacity  of  neutralising  tetanus 
Ujxin.  It  may  here  be  remarked  that  Blumenthal  (30)  found  that  if  the 
brain  Avere  boiled  before  being  treated  with  toxin  the  neutralisation  of 
the  toxin  did  not  occur.  iMetchnikoff’s  explanation  of  the  phenomenon 
i.H  that  the  toxin  is  entangled  in  the  brain  - substance,  and  that  the 
latter  when  injected  exercises  a chemiotactic  influence  on  the  leuco- 
cytes of  the  animal  Avhich  englobe  and  destroy  not  only  the  brain- 
substance  but  the  entangled  toxin.  In  this  connexion  it  must  be  remarked 
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tliiit  the  problem  of  the  possibility  of  fixation  of  tetanus  toxin  by  brain- 
cells  carries  with  it  a consideration  of  all  the  questions  raised  as  to  the 
true  nature  of  the  m vitro  combination  of  toxin  and  antitoxin,  with 
the  difference  that  from  this  standpoint  they  are  incapable  of  elucida- 
tion. For  instance,  in  contradiction  of  Milchner’s  results,  Danysz  (76) 
found  that  if  a neutral  mixture  of  cerebral  substance  and  tetanus  toxin 
were  macerated  with  salt  solution  a certain  amount  of  toxin  reappears 
ill  the  fluid.  It  is  evident  that,  if  this  be  correct,  the  question  of  the 
reversibility  of  the  reaction  of  toxin  with  an  antagonising  substance 
appears  in  a fresh  form. 

Apart  from  the  work  of  Wassermann  and  Takaki  several  points  may 
be  brought  forward  in  favour  of  the  possibility  that  when  tetanus  toxin 
disappears  from  the  circulation  it  is  fixed  in  susceptible  cells.  Some  of 
these  are  of  an  a }rrim'i  nature  and  are  derived  from  the  analogy  of  what 
occurs  with  probably  analogous  bodies.  Thus  Sachs  (299)  has  studied 
the  haemolytic  action  of  the  poison  of  a spider  which,  as  we  have  seen, 
there  is  every  reason  to  believe  belongs  to  the  same  group  as  the  soluble 
bacterial  toxins,  and  he  has  found  that  while  it  dissolves  the  red  blood- 
corpuscles  of  the  rabbit  it  has  no  effect  on  those  of  the  guinea-pig  or  dog. 
When  the  poison  was  brought  in  contact  with  the  latter,  not  only  did  it 
not  affect  them,  but  if  the  mixture  were  centrifugalised  the  toxin  was 
found  free  in  the  supernatant  fluid,  not  having  become  in  any  way  fixed 
to  the  cells.  On  the  other  hand,  if  the  stromata  of  susceptible  corpuscles 
were  treated  with  the  poison  then  fixation  to  the  protoplasm  could  be 
observed.  More  direct  evidence  of  fixation  in  susceptible  cells  is  found 
in  Ransom’s  observations  on  tetanus  in  suscei)tible  animals.  This 
observer  found  that,  if  some  excess  of  the  lethal  dose  of  toxin  were 
injected,  evidence  of  free  poison  could  be  found  in  the  organs  of  the  body 
])ut  not  in  the  brain,  in  which  the  poison  absorbed  was  presumably  fixed 
in  the  cells.  Additional  evidence  is  also  found  in  the  work  of  Meyer  and 
Ransom,  who  have  shewn  evidence  for  believing  that  tetanus  toxin 
is  absorbed  into  the  system  by  the  axis -cylinders  of  the  motor  nerves. 
In  an  animal  into  which  antitoxin  in  great  excess  has  been  injected,  and 
in  which  the  blood  is  in  consequence  powerfully  antitoxic,  a fatal  tetanus 
will  be  contracted  if  a M.L.D.  be  injected  into  a peripheral  nerve.  There 
is  thus  considerable  evidence  of  the  fixation  of  toxin  in  susceptible  cells. 
Some  confusion  has  been  introduced  into  the  discussion  by  its  being  in 
some  quarters  taken  as  a corollary  to  Ehrlich’s  position  that  toxin  is  only 
fixed  in  the  cells  on  which  the  greatest  pathogenetic  effect  is  manifested. 
This  is  by  no  means  a necessary  consequence,  as  will  be  at  once  evident 
when  we  look  at  Ehrlich’s  view  of  the  relation  of  what  occurs  in  toxin 
action  to  the  course  of  normal  physiological  activity.  It  is  not 
only  conceivable  but  probable  that  toxin  nicay  be  fixed  in  other  cells 
besides  those  on  which  its  activity  is  most  manifest.  This  is  indi- 
cated by  experiments  recorded  by  Roux  and  Borrel  (293).  These 
observers  found  that  while  in  the  case  of  the  guinea-pig  the  IM.L.D.  was 
the  same  whether  the  poison  was  injected  intracranially  or  subcutaneouslj’. 
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in  tho  rabbit,  on  the  other  hand,  the  subcutaneous  M.L.D.  was  twenty-five 
times  greater  than  the  dose  necessary  to  produce  death  Avhen  injected 
intnicranially.  From  this,  in  eonjunction  with  the  above-mentioned 
observations  of  Wassermann  on  tlie  possibility  of  fixation  of  toxin  in  the 
liver  and  spleen  of  the  rabbit,  it  becomes  at  once  obvious  that  we  should 
expect  such  a difterence  of  M.L.D.  as  Koux  and  Borrel  have  observed. 
We  shall  find  immediately  that  these  observations  have  another  and  even 
more  important  application. 

In  connexion  Avith  the  point  just  discussed  it  may  be  stated  that 
Ehrlich  holds  strongly  that  toxins  differ  from  such  poisons  as  alkaloids  in 
that  he  has  been  unable  to  find  evidence  of  fixation  of  the  latter  in 
susceptible  cells.  That  a difference  exists  betAveen  the  behaviour  of  such 
a toxin  as  that  of  tetanus  and  such  an  alkaloid  as  morphine,  may  be 
1 gathered  from  the  fact  that  Morgenroth,  in  the  case  of  the  latter,  could 
find  no  CA'idence  of  the  formation  of  an  antimorphine  serum.  It  is,  how- 
ever, impossible  at  present  to  estimate  the  real  significance  of  such  an 
obserA'ation. 

Ehrlich’s  View  of  the  Nature  of  Antitoxins. — We  have  noAv  to  con- 
sider Ehrlich’s  attitude  as  to  the  essential  nature  of  the  antitoxin  produced 
against  a soluble  toxin.  His  view  of  Avhat  may  occur  in  the  reaction  of 
the  toxin  and  the  susceptible  cell  is  based  on  the  conception  that 
possibly  the  reason  for  toxin-fixation  is  that  toxins — as  there  is  eA’^ery 
reason  to  believe — are  in  constitution  closely  allied  to  some  bodies  Avhich 
in  ordinary  cell -life  are  taken  up  by  the  cell  from  the  surrounding 
lymph  as  food.  These  food-materials  Avould  contain  haptophorous  groups 
corresponding  to  those  of  toxins.  What  will  happen  during  the  process 
of  immunisation,  e.g.,  of  the  guinea-pig  against  tetanus?  In  this 
animal,  as  Ave  have  seen,  the  experiments  on  fixation  point  to  the  con- 
clusion that  the  brain-cells  have  more  poAver  of  fixing  toxin  than  the 
cells  of  the  other  organs  of  the  body.  In  the  process  of  immunisation 
k either  the  amounts  of  toxin  reacting  A\dth  the  brain-cells  are  insufficient 

j to  cause  by  their  toxophorous  groups  serious  interference  with  the 

( cellular  metabolism,  or  the  toxoid  quality  of  the  crude  toxin  renders 

* it  impotent  to  produce  harmful  effects.  In  any  case,  hoAA'ever,  it  is 

anchoi-ed  to  the  cell  by  its  haptophorous  groups.  This  anchoring  is 
u-seless  to  the  cell,  for  though  the  conception  presupposes  a resemblance 
betAveen  toxin  - molecules  and  certain  ordinary  food-molecules  it  does 
not  suppose  that  toxin  can  take  the  place  of  these  food-molecules  in  the 
ordinary  cellular  metaboli.sm.  The  result  is  that  the  coll  is  deprived  of 
certain  molecular  affinities  Avhich  are  necessary  to  its  ordinary  vital 
activity.  In  consequence  and  in  accordance  Avith  the  general  tendency  of 
ti.s.sues  to  regenerate  lost  parts, — a vicAv  elaborated  by  Weigcrt  (59), — 
there  occurs  on  the  part  of  an  executive  centre  (“  Leisiungskern  ”)  of 
the  cellular  protopla.sm  {r.f.  Ehrlich  (97),  p.  4.33)  a formation  of  fresh 
side-chains  to  take  the  functional  jilace  of  those  saturated  Avitli  the  use- 
less toxin.  But  as  during  immunisation  the  periodically  injoctod  toxin 
saturates  with  the  usele.ss  material  more  and  more  of  these  noAvly  formed 
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side-chains  tlie  executive  centre  must  produce  more  and  more.  Now, 
just  as  the  reproductive  mechanism  of  a cell  may,  when  stimulated,  pro- 
duce new  cells  in  great  quantity,  as,  say,  in  the  case  of  cutaneous 
epithelium,  so  the  nutritive  centre  of  the  cell  may  be  stimulated  to 
produce  the  necessary  side-chains.  But  if  this  happens,  a point  may  be 
reached  when  far  more  side-chains  are  produced  than  are  required  for 
food-fixation.  The  molecules  containing  these  side-chains  are  useless  in 
the  cell  and  are  cast  off'  into  the  lymph,  and,  finding  their  way  into  the 
blood,  constitute  the  antitoxin  which  may  be  found  there.  The  antitoxin 
is  thus  made  up  of  the  same  molecular  aggregates  which,  in  virtue  of  their 
haptophorous  groups,  are — when  these  form  part  of  the  functioning  proto- 
plasm of  the  cell — -the  means  by  which  a toxin  is  fixed  in  that  cell.  The 
difference  between  the  haptophorous  groups  when  functioning  in  cellular 
activity,  and  when  in  consequence  of  their  over-production  they  are 
merely  superfluous  or  waste  material  must  be  insisted  on.  In  the  li\dng 
cell  they  are  not  acting  as  antitoxin,  they  are  acting  as  toxin-fixatives. 
This  difference  has,  according  to  the  Ehrlich  school,  sometimes  not  been 
properly  recognised.  Thus  lioux  and  Borrel  (293)  have  shewn  that 
in  the  intracerebral  injection  in  rabbits  of  tetanus  toxin  there  is  a 
lowering  of  the  M.L.D.  as  compared  with  subcutaneous  injection.  They 
considered  this  result  to  be  unfavourable  to  the  view  that  “ free  antitoxin  ” 
existed  in  the  brain.  There  is  no  doubt  that  such  a view  is  not  held  by 
Ehrlich,  whose  position  is  as  we  have  just  stated  it.  In  this  connexion 
reference  may  be  made  to  an  observation  of  Marie,  who  found  that 
if  half  of  the  cerebral  hemisphere  of  a rabbit  were  removed  during  life, 
ti'iturated  with  tetanus  toxin  and  injected  into  the  animal  from  which  it 
had  been  removed,  tetanus  did  not  follow.  Here,  if  Ehrlich’s  view  be 
correct,  we  may  suppose  that  the  death  of  the  bi’ain-cells  which  followed 
their  removal,  loosened  the  protoplasmic  continuity  of  the  cellular  com- 
plexes and  liberated  the  toxin-binding  complexes  in  the  form  which  in 
over-regeneration  they  would  be  cast  off. 

Discussion  of  Facts  hearing  on  Ehrlich’s  View. — It  will  be  at  once  apparent 
that  this  conception  of  the  nature  and  origin  of  antitoxic  bodies  put 
forward  by  Ehrlich  is  of  an  extremely  speculative  character,  and  is  inti- 
mately connected  with  the  question  of  the  ultimate  molecular  fabric 
of  protoplasm.  Still,  there  are  a number  of  facts  which  may  be  brought 
forward  in  support  of  such  a Anew.  In  the  first  place,  there  is  a good 
deal  of  evidence  for  the  supposition  that  antitoxins  are  formed  in  the 
fixed  cells  of  the  body.  Thus  Boux  and  Vaillard  (294)  have  shewn  that  if 
in  the  course  of  a few  days  there  be  remoA’ed  from  an  animal  immunised 
against  tetanus  a quantity  of  blood  equal  to  the  total  amount  originally 
contained  in  the  animal’s  body,  the  newly  formed  blood  rapidly  becomes 
as  strongly  antitoxic  as  the  original  blood.  This  is  in  favour  of  the 
constant  passage  into  the  circulating  fluid  of  substances  from  some 
fixed  tissue.  'The  same  conclusion  is  brought  out  in  the  more  extended 
researches  of  Salamonsen  and  Madsen  (300)  Avoi’king  with  goats  immunised 
against  diphtheria.  These  observers  Avithdrew  quantities  of  blood,  and 
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restored  the  lost  volume  b}’  injection  of  saline  fluid.  A fall  in  antitoxic 
power  ef  the  blood  occurred,  but  this  was  succeeded  l)y  a rise,  again 
shewing  that  the  blood  obtains  its  antitoxic  constituent  from  outside 
itself.  The  last-named  observers  have  noted  a further  fact  leading  to 
the  same  conclusion,  namely,  that  the  injection  of  pilocarpine  into  an 
animal  during  an  immunisation  will  lead  to  an  increase  of  antitoxin  in  the 
serum.  The  well-known  pharmacological  effect  of  this  agent  in  stimulating 
ordinary  glandular  secretions  has  led  to  a comparison  between  glandular 
action  and  the  secretion  of  antitoxin.  Metchnikoff  does  not  admit  the 
extrasanguineous  origin  of  antitoxic  bodies ; in  a guinea-pig  immunised 
ag-ainst  tetanus  he  caused  a leucoeytic  exudation  in  the  peritoneum  by 
the  injection  of  saline  solution,  and  found  that  this  exudation  was 
much  more  antitoxic  than  the  serum  of  the  animal.  Weigert’s  (351) 
criticism  of  this  result  that  leucocyte-containing  tissues,  such  as  the  sjileen 
and  bone-marrow,  do  not  shew  in  an  immune  animal  an  apparent  excess 
of  antitoxin,  does  not  quite  meet  the  case in  the  first  place,  because 
among  the  exuded  leucocytes  in  MetchnikofF’s  experiment  there  was  an 
excess  of  mononuclear  cells,  which  are  probably  not  produced  exclu- 
sively in  the  marrow,  nor  even  in  the  spleen ; and  secondly,  because 
the  fluid  of  the  exudation  is,  for  quantitative  measurements,  more  com- 
pirable  to  the  closely  allied  blood-serum  than  is  any  extract  of  a tissue, 
however  prepared.  Whilst  the  possible  relationship  of  changes  in  the 
cellular  content  of  the  blood  to  the  antitoxic  capacity  of  the  serum 
requires  further  investigation,  the  evidence  at  present  rather  points  to 
an  origin  of  antitoxins  in  the  fixed  tissues,  and  so  far  is  favourable  to 
Ehrlich’s  view. 

FacU  healing  on  the  Source  of  Antitoxin. — We  must  now  undertake  the 
difficult  inquiry  Avhether  there  is  any  evidence  pointing  to  the  formation  of 
antitoxin  in  any  particular  tissue.  According  to  Ehrlich,  wherever  toxin 
is  fixed  there  antitoxin  may  be  formed  j and  thus,  as  for  instance  in  the 
case  of  immunisation  of  the  rabbit  against  tetanus,  to  Avhich  reference  has 
been  made,  it  is  possible  that  antitoxin  may  be  formed  in  organs  where 
toxin-fixation  may  produce  little  serious  pathogenetic  effect.  There  is 
a difficulty  in  connexion  with  the  subject  generally  which  has  already 
been  hinted  at,  namely,  how  are  Ave  to  judge  that  an  organ  is  specially 
rich  in  antitoxin.  If  the  estimation  is  to  be  made  per  unit  of  mass  it  is 
CA-ident  that  the  proportion  of  inert  matter  is  unknoAvn.  Further,  if 
secretion  takes  place  immediately  after  formation,  the  amount  of  antitoxic 
material  jjresent  at  any  one  time  may  be  .small,  Avhile  in  reality  the  output 
may  be  A'ery  great.  The  most  thorough  and  extensive  obserA'ations 
in  this  connexion  have  been  made  by  1 )zicrzgOAA’ski,  Avho  tested  the 
organs  of  horses  immune  against  diphtheria  by  extracting  the  juices  Ija’ 
hydraulic  pressure.  In  this  Avay  the  nundjcr  of  immunity-units  jjrcsent 
in  an  organ  could  be  determined.  lie  found  that  the  kidneys,  supra- 
renals,  and  .some  of  the  lymphatic  glands  contained  the  greatest  amount 
of  antitoxin.  These  results  are  in  agreement  Avith  Avhat  has  been 
observed  in  tebinus  by  ^letchnikofl’ (232),  in  Avhich  case  no  sj)ecial  richness 
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of  the  susceptible  central  nervous  system  in  antitoxin  could  be  observed. 
There  is  thus  no  evidence  available  that  the  site  of  antitoxin-formation  is 
in  the  organs  with  which  toxins,  such  as  those  of  diphtheria  and  tetanus, 
very  probably  have  very  great  affinity.  Nor  is  there  any  evidence 
pointing  to  any  tissue  as  the  special  focus  of  formative  activity.  It 
must  be  remembered  here  that  as  yet  nothing  is  known  of  the  sources 
from  which  the  fluid  constituents  of  the  blood  ai-e,  under  ordinary  con- 
ditions, derived ; nor  do  Ave  knoAv  whether  this  information  Avould  throw 
light  on  the  problem  at  j^resent  under  consideration.  We  shall  see  later 
that  the  elucidation  of  the  questions  relating  to  immunity  has  brought  to 
light  the  probability  that  the  albuminous  constituents  of  the  plasma  are 
of  a most  varied  and  complex  character,  and  thus  jnay  have  more  than 
one  site  of  formation.  While  we  have  no  direct  evidence  of  an  organ 
susceptible  to  toxin  being  the  site  of  antitoxin-formation,  we  must  here 
consider  Avhether  certain  observations  of  INIeyer  and  Eansom  do  not 
rather  militate  against  the  probability  of  such  a source  of  antitoxin. 
We  have  spoken  of  the  evidence  brought  forward  by  these  observers 
Avhich  points  to  the  axons  of  the  motor  nerves  being  the  paths  by  which 
tetanus  toxin  roaches  the  central  nervous  system.  They  have  further 
observed  in  one  experiment  in  Avhich  an  animal  Avas  actively  immunised 
against  tetanus,  and  in  Avhich  antitoxin  had  appeared  in  its  serum 
that  this  did  not  prevent  it  succumbing  to  the  injectiop  of  a single 
M.L.D.  of  toxin  A\dien  the  injection  AA^as  made  into  a peripheral  mixed 
nerve.  It  is  obvious  that  the  further  investigation  of  this  matter  must 
be  looked  for  Avith  the  greatest  interest.  Meantime,  it  is  difficult  to  see 
hoAV  Ehrlich’s  vieAV  can  be  reconciled  AA'ith  this  observation.  Accord- 
ing to  that  AueAV  in  immunisation  it  is  necessary  that  fresh  toxin 
should  constantly  be  fixed  in  the  susceptible  cells.  Yet  in  this  par- 
ticular instance  the  placing  of  toxin  in  a situation  Avhere  its  fixation 
is  especially  easy,  proA^es  that  the  susceptibility  of  the  cell  is  the  same  as 
if  no  immunisation-process  had  been  practisecl.  Again,  if  in  tetanus  the 
brain-cells  are  the  sites  of  antitoxin-formation,  one  woidd  suppose  that  in 
the  experiment  under  considei’ation  the  toxin  on  being  introduced  into 
the  cell  Avould  be  immediately  neutralised  by  antitoxin  in  process  of 
formation.  It  has  been  pointed  out  (289)  that  if  Ehrlichs  aucav  be 
accepted  difficulties  arise  as  to  the  incidents  of  an  ordinar}^  immunisation 
if,  as  is  usual  in  the  later  stages,  unaltered  toxin  be  injected.  The 
production  of  antitoxin  depends  on  the  fixation  of  this  toxin  in  the  cells , 
but  if  this  fixation  occurs,  Avhat  prevents  the  toxophorous  group  of  the 
toxin  Avorking  pathogenetically  in  the  cells  ? The  results  of  Clever  and 
liansom’s  Avork  tend  to  make  an  ansAver  to  this  question  all  the  more 
necessary  noAAn 

Fidalion  of  Antitoxin-production  to  insusceptiUlity  to  Toxin. — \\  e must 
now  consider  Avhether  the  deA'elopment  of  insusceptilAility  in  an  animal 
cell  is  necessarily  correlated  Avith  the  capacity  of  antitoxin-formation  in 
the  animal  of  Avhich  the  resistant  cell  is  a part.  Dr.  Dean  (78)  states 
that  in  horses  previously  immunised  against  diphtheria,  but  iii  Avhich 
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antitoxin-formation  had  been  reduced  to  a minimum,  the  animals  yet 
shewed  a degree  of  resistance  to  fresh  injections  of  toxin  such  as  would 
not  have  occurred  in  untreated  horses ; and  it  has  been  shewn  (288)  that 
in  immunising  guinea-pigs  against  tetanus  in  the  early  stages,  an  animal 
mav  not  have  in  the  whole  serum  of  its  body  more  antitoxin  than  what 
is  sufficient  to  neutralise  a fiftieth  part  of  the  toxin  Avhich  can  be  injected 
into  it  without  any  result.  It  is,  further,  the  experience  of  workers 
in  serum  laboratories  that  some  animals  which  develop  a considerable 
power  of  resistance  yield  only  a comparatively  weak  antitoxic  serum. 
Then,  again,  an  animal  may  go  on  for  years  yielding  a powerful 
antitoxin,  and  then  Avithout  sheAving  susceptibility  to  the  toxin  may 
cease  to  respond  by  furnishing  an  equally  poAverful  serum.  But 
the  most  striking  point  in  this  relation  is  the  jrhenomenon  of  hyper- 
sensith’eness  Avhich  has  been  observed  by  Behring  (20,  p.  1051)  and 
others  in  animals  being  treated  for  antitoxin -production.  Behring 
noted  a horse  Avhich  had  been  for  some  time  immunised  against  tetanus 
and  yielded  a good  antitoxic  serum.  On  a fresh  toxin  injection  being 
practised  it  suflered  from  severe  symptoms  and  died.  The  symptoms 
were  not  those  of  tetanus,  but  consisted  of  fever,  loss  of  weight,  muscular 
tremors,  and  weakness.  These  he  attributed  to  the  tetanus  toxin,  itself,  as 
antitoxin  Avill  prevent  toxin  causing  such  symptoms  to  appear.  Similar 
cases  have  been  observed  in  the  Pasteur  Institute  in  Paris  {v.  237, 
p.  387),  and  Brieger  (44)  has  noted  the  occurrence  of  death  from 
tetanus  in  a horse  while  being  immunised  against  tetanus  and  while  pos- 
sessing in  its  serum  more  antitoxin  than  Avas  necessary  to  neutralise  the 
dose  of  toxin  which  proved  fatal.  Again,  it  has  been  shcAAm  by  Knorr 
that  a hypersensitiveness  to  tetanus  can  be  induced  in  guinea-pigs  by 
injecting  ordinary  toxin  in  very  small  fractions  of  the  minimal  lethal 
dose.  In  fact,  Behring  and  Kitashima  (21)  found  it  impossible  to 
immunise  animals  against  tetanus  by  injecting  ordinary  toxin,  hoAvever 
small  the  doses  Avere  in  the  first  instance.  All  this,  according  to 
Behring,  points  to  the  view  that  in  immunisation  an  injury  is  done  to 
cells.  Such  facts,  taken  along  Avith  Avhat  has  already  been  said,  lead  us 
to  conclude  not  only  that  Ave  knoAv  nothing  of  the  site  of  antitoxin- 
production,  but,  further,  that  Ave  must  leave  open  the  question  of  the 
identity  of  the  capacity  for  the  development  of  resistance  against  a toxin 
and  of  the  capacity  of  producing  antitoxin. 

XotAvuthstanding  Avhat  has  been  said  Ave  must  admit  the  close 
p»arallelism  AA'hich  exists  betAveen  the  obserA^ed  facts  and  the  supposition 
that  in  antitoxin-production  the  constant  stimidation  of  the  animal  body 
by  toxin  leads  to  it  doing  more  and  more  Avork  in  the  form  of  a 
constantly  increasing  amount  of  antitoxin  - production.  Thus  Knorr 
shewed  that  in  a horse,  Avhose  blood  had  for  some  time  contained  ])er  c.c. 
a constant  quantity  of  antitoxin,  the  injfection  of  a single  unit  of  toxin 
stimulated  the  production  of  100,000  immunity  units.  It  has  also  bec7i 
shewn  (288;  that  if  iinmuni.sation  against  tetanus  be  jn-oduced,  not  by 
the  injection  of  constantly  increasing  doses  of  toxin,  but  by  the  repeated 
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injection  of  the  same  amount,  there  is  a gradual  and  progressive  rise  in 
the  antitoxin  content  of  the  animal’s  blood.  In  such  an  experiment,  after 
four  doses  had  been  administered,  the  animals  so  treated  had  in  the 
whole  serum  of  the  body  sufficient  antitoxin  to  neutralise  only  two 
M.L.I).  of  toxin.  In  animals  treated  with  double  the  amount  of  toxin, 
i.e.  that  contained  in  eight  doses,  the  serum  contained  enough  antitoxin  to 
neutralise  about  120  M.L.D.  There  was  thus  evidence  of  continued  and 
increasing  effect  produced  by  what  might  be  called  a succession  of  equal 
stimuli.  Such  a result  is  compatible  with  the  conception  of  Weigert  that 
some  constantly  increasing  jn’oeess  is  going  on  in  antitoxin-formation. 
This  process  is  not  indefinite  in  its  possibilities.  Dr.  Dean  (78)  and 
others  have  shewn,  as  already  stated,  that  in  the  immunisation  of  horses 
for  the  purpose  of  obtaining  therapeutic  serums  a point  is  reached  when, 
notwithstanding  fresh  doses  of  toxin,  no  increase  in  the  antitoxic 
value  of  the  serum  occurs ; and  if  the  toxin  injections  be  stopped  the 
serum  shews  a constant  decline  in  antitoxin  content.  Even  after  some 
years,  however,  the  serum  will  still  appear  more  antitoxic  than  that  of 
the  ordinary  horse,  and  now  a recommencement  of  toxin  injection  will 
be  followed  by  a rapid  development  of  antito.xin, — more  rapid  than  would 
occur  in  a horse  not  previously  treated.  Dr.  Dean  points  out  that  on 
Weigert’s  conception,  increased  side-chain  formation  will  only  occur  so 
long  as  the  executive  centre  of  the  cellular  protoplasm  is  Uninjured,  and 
he  suggests  that  in  immunisation  such  an  injury  may  really  occur  to  a 
slight  extent  at  every  injection.  In  process  of  time  the  injury  may  be 
such  that  it  finally  interferes  seriously  with  the  vital  activity  of  the  cell, 
and  prevents  the  further  production  of  antitoxin.  That  injury  may  be 
done  by  the  toxin  injections  carried  out  during  an  immunisation,  is  also 
borne  out  by  an  interpretation  put  on  the  result  of  one  of  their  experi- 
ments by  Salamonsen  and  Madsen  (300),  who  noticed  that  after  a fresh 
toxin  injection  the  fall  of  the  antitoxic  value  of  the  serum  which  occurred 
was  more  than  could  be  accounted  for  Ijy  the  mere  neutralisation  by  the 
fi’csh  toxin  of  antitoxin  already  formed.  They  suggested  that  not  only 
did  such  neutralisation  occur,  but  that  there  was  also  a temporary  diminu- 
tion of  production  of  antitoxin  by  the  active  cells.  Such  a check  to  vital 
activity  is  consonant  with  the  occurrence  of  a slight  injury.  ^ The  sum- 
mation of  a series  of  such  might  lead  ultimately  to  a cessation  of  the 
capacity  of  the  cell  for  continued  increased  antitoxin  production.  In 
this  connexion  the  question  arises  whether  in  reality  immunisation  is 
possible  without  such  slight  injury,  which  in  its  mildest  forms  may  be 
called  a stimulus.  In  other  words,  if  we  accept  Ehrlich  s view  of  the 
existence  of  haptophorous  and  toxophorous  groups  in  the  toxin  molecule 
as  correct,  is  the  mere  constant  saturation  of  side-chains  in  the  cell,  by 
the  constant  taking  up  of  haptophorous  affinities,  by  itself  capable  of 
causing  the  appearance  of  antitoxin  in  the  serum  % According  to  the 
hypothesis,  three  factors  must  contribute  to  this  result  first,  the  fixation 
of  the  toxin  ; secondly',  the  over-production  of  side-chains  ; and  thirdly',  the 
casting  off  of  these  side-chains.  If  the  action  of  the  haptophorous  group 
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alone  is  sufficient  for  the  production  of  this  result,  then  it  ought  to  occur 
when  a toxin  in  which  the  toxophorous  groups  have  lost  their  activity  is 
used.  This  point  has  been  worked  at  bjr  Bruck  (49),  who  investigated  a 
tetanus  toxin  which  (apparentl}''  by  lai)se  of  time)  had  lost  all  its  toxicity, 
but  was  still  able  to  combine  with  antitoxin,  as  was  shewn  by  the  observa- 
tion that  when  it  was  added,  together  with  active  toxin,  to  an  otherwise 
neutral  mixture  of  the  latter  with  antitoxin,  the  mixture  was  found  to  be 
no  longer  neutral ; that  is,  according  to  Ehrlich's  phraseology,  the  given 
amotuit  of  antitoxin  did  not  contain  sufficient  binding  affinities  to  saturate 
both  those  of  the  non-toxic  and  the  toxic  toxin.  This  non-toxic  toxin  Avas 
used  to  immunise  animals,  but  the  serum  of  these  animals  did  not  sheAv 
any  antitoxic  power.  In  comparative  experiments  made  with  a similar 
toxin  which,  though  A^ery  Aveak,  yet  shewed  some  toxic  poAver,  an  anti- 
toxic serum  was  produced.  Bruck,  however,  obtained  evidence  that  the 
non-toxic  toxin  AA'as  fixed  in  the  body;  thus,  if  it  Avere  injected  one 
hour  before  one  M.L.D.  of  acthm  toxin,  this  amount  of  toxin  Avas 
no  longer  sufficient  to  kill  the  test-animal.  The  deduction  is  that, 
as  some  of  the  toxoid  was  fixed  in  the  cells,  the  whole  of  the  actiA’e 
toxin  could  not  now  gain  admission.  Bruck  also  found  Avhat  he  inter- 
prets as  eA'idence  that  the  non-toxic  toxoid  stimidated  the  cells  to  pro- 
duce fresh  side-chains;  for  if  the  active  toxin  Avere  not  injected  till 
twenty-four  hours  after  a quantity  of  the  non-toxic  toxoid,  then  its 
M.L.D.  was  less  than  usual,  that  is,  there  was  an  increased  susceptibility 
dcA'eloped.  Here  Bruck  supposes  that  the  presence  of  the  non-toxic 
toxin  had  stimulated  the  cells  to  form  neAV  side-chains,  Avhich,  hoAvever,  as 
they  remained  attached  to  the  cell,  increased  its  capacity  for  binding  toxin, 
that  is,  increased  its  susceptibility.  The  vicAV  taken  is  that  the  absence  of 
actiA'e  toxophorous  groups  in  the  non-toxic  toxin  prevented  one  of  their 
effects  in  the  cell  in  the  com-se  of  immunisation,  namely,  the  loosen- 
ing of  the  newly  formed  side-chains.  These  obserA^ations  are  of  great 
interest,  as  shewing  that  in  antitoxin-formations  something  more  than  the 
action  of  the  haptophorous  part  of  the  molecule  may  be  required.  It 
may  be  that  the  toxophorous  group  acts  as  the  cause  of  the  third 
factor  alluded  to  as  necessary  before  antitoxin  can  appear  in  the  serum, 
namely,  the  detachment  of  the  side-chains  from  the  cells.  It  is  clear, 
however,  that  a pre.sumed  injury  of  this  nature  does  not  account  for  the 
evidence  of  more  serious  interference  Avith  cellular  activity  to  Avhich  allu- 
.sion  ha.s  been  made,  namely,  the  arriA'al  of  a point  in  an  immunisation  Avhon 
apparently  the  cell  tends  to  lose  its  capacity  of  forming  neAv  side-chains. 
The  whole  question,  concerned  as  it  is  with  the  interpretation  of  indirect 
CA'iflence,  is  full  of  difficulty.  But  avc  must  be  prepared  for  furtlier 
investigation  revealing  evidence  of  changes  in  the  cell  produced  by  the 
fKn.sonous  part  of  the  toxin  molecule. 

Antitoxins  in  Relation  to  Recovery  from  Disease. — At  the  outset 
here  it  must  be  oljserved  that  undoubtedly  ordinaiy  animals  sometimes 
pos.sess  in  their  serum  substances  capable  of  neutralising  to  a small  degree 
bacterial  toxins,  riius  it  has  been  shewn  Avith  rcgai'd  to  diphtheria 
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toxin  b}''  Drs.  Mceade  Bolton,  Cobbctt,  and  others,  that  the  serum 
of  orduiary  horses  often  shews  a certain  antitoxic  quality.  Similar 
observations  have  been  made  on  tetanus  toxin,  and  Neisser  and 
AVechsberg  (254)  have  shewn  that  in  both  men  and  horses  there  some- 
times exists  a normal  antistaphylolysin.  What  relation  these  normal 
antitoxins  bear  to  the  antitoxins  produced  by  immunisation  is  unknown. 
Kraus  (169)  found  that  some  animals  possessed  a normal  antitoxin 
towards  certain  vibriolysins,  but  he  states  that  the  normal  antitoxins 
muse,  to  produce  an  effect,  be  in  contact  with  the  toxin  for  a longer 
time  than  was  necessary  in  the  case  of  the  immune  antitoxins,  and  he 
inclines  to  the  belief  that  they  are  distinct  substances.  Whether  normal 
antitoxins  may  play  a part  in  the  resistance  which  many  individuals 
present  towards  certain  infections  we  cannot  say. 

With  regard  to  the  main  question  of  the  relation  of  ordinary  immune 
antitoxins  to  disease,  we  must  here  consider  two  cjuestions : first,  in 
disease  arising  naturally  and  untreated,  does  the  capacity  of  antitoxin- 
production  play  a part  in  recovery  1 secondly,  what  is  the  explanation 
of  the  undoubted  therapeutic  utility  of  such  an  antidote  as  diphtheria 
antitoxin  % With  regard  to  the  first,  it  must  be  noted  that  recovery  from 
untreated  disease  may  simply  be  due  to  a non-fatal  dose  of  toxin  being 
absorbed.  The  bacteria  \c.g.  in  diphtheria]  might  be  killed  by  the 
bactericidal  powers  of  the  body,  which  we  shall  presently  discuss,  before 
they  have  secreted  a fatal  amount  of  toxin. 

Comparatively  little  work  has  been  done  bearing  on  the  part  which 
the  actual  formation  of  antitoxins  during  an  illness  may  play  in  the 
recovery  of  the  affected  individual.  According  to  Abel,  up  to  the 
eighth  day  after  the  commencement  of  an  attack  of  diphtheria  there  is 
little  evidence  of  antitoxin  in  the  serum,  but  after  that  period  there  is 
often  a protective  power  present,  which  may,  however,  disappear  in  a few 
months’  time.  Abel  also  states  that  in  a certain  number  of  ordinary 
individuals  such  protective  powers  naturally  exist  in  the  serum,  and  to 
this  he  attributes  the  non-susceptibility  to  the  disease  which  often  ajipears 
to  exist  in  persons  exposed  to  infection.  Similar  results  have  been 
put  forward  by  Klemensiewicz  and  Escherich.  Although  it  may  be 
true  that,  during  recovery  from  diphtheria,  antitoxin  is  j)resent  in  the 
blood,  the  subject  requires  further  inquiry.  Even  if  the  fact  be  estab- 
lished, it  by  no  means  follows  that  the  jsresence  of  antitoxin  free  in 
the  blood-plasma  is  the  cause  of  recovery.  We  may  state  it  as  a possi- 
bility that  the  antitoxin  present  in  recovery  may  be  a surplus  jjroduc- 
tion  of  the  cells,  to  whose  activity  was  due  the  neutralisation  of  the 
moiety  of  toxin  which  actually  produced  the  pathogenetic  effects  mani- 
fested. A not  unimportant  point  in  this  connexion  is  the  prophylactic 
action  of  such  an  antitoxin  as  that  of  diphtheria.  That  such  an  action 
really  exists  is  undoubted,  and  it  would  appear  as  if  the  manufacture 
of  tile  toxin  by  the  diphtheria  bacillus  was  an  important  factor  in 
enabling  the  organism  to  gain  the  capacity  of  multiplying  on  the  bodily 
tissues. 
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With  regard  to  the  cause  of  the  therapeutic  action  of  antitoxins,  it 
is  obvious  that  our  ignorance  of  the  essential  nature  of  the  toxin- 
antitoxin  reaction  necessitates  a most  cautious  statement.  Antitoxin, 
when  introduced  into  an  individual  suffering  from  diphtheria,  will  be  in  a 
position  to  neutralise  toxin  absorbed  into  the  body  from  its  site  of 
formation  subsequent  to  the  antitoxin  injection.  Such  an  effect  does 
occur,  for  after  antitoxin  is  actually  in  the  blood,  very  large  multiples  of 
the  minimal  lethal  dose  of  a toxin  can  be  injected  into  an  animal  without 
any  bad  results.  It  may  be  observed,  parenthetically,  that  such  an 
occurrence  presents  some  difficulty,  if  Ehrlich’s  view  of  the  production  of 
the  antibody  in  susceptible  cells  be  correct ; for  if  in  an  immunisation 
to  obtain  a therapeutic  serum  there  are  large  quantities  of  antitoxin  in 
the  blood,  how  does  any  definite  amount  of  unsatirrated  toxin  reach  the 
cells  in  which  it  is  to  stimulate  the  antitoxin-production  % 

The  most  important  point  for  consideration  here  is,  that  when  an 
animal  has  received  a dose  of  a toxin  which  is  inevitably  fatal,  and  when 
sufficient  time  has  elapsed  for  that  toxin  to  be  fixed  in  the  susceptible 
cells,  the  fatal  result  can  be  prevented  by  the  injeetion  of  antitoxin. 
Here,  as  we  have  seen  from  the  experiments  of  Dbnitz,  the  longer  the 
interval  elapsing  between  the  toxin  injection  and  the  antitoxin  injection 
the  greater  must  be  the  dose  of  antitoxin  to  avert  death.  It  is  highly 
probable  that  toxin  fixed  in  the  cells  must  in  some  way  have  its  action 
neutralised.  In  what  this  neutralisation  consists  we  cannot  say,  but 
there  are  two  main  possibilities, — either  the  toxin  is  detached  from 
the  cell  and  carried  away  in  a harmless  combination  with  antitoxin,  or 
its  toxic  action  is  neutralised.  Current  thought,  largely  in  consequence 
of  Ehrlich’s  hypothesis,  inclines  to  the  former  vietv,  and  there  is  much  to 
support  such  an  attitude.  If  the  toxin-antitoxin  reaction  be  a reversible 
one,  then  the  bathing  of  a cell,  in  Avhich  toxin  tvas  fixed,  Avith  antitoxin  in 
concentrated  solution  Avould  cause  the  equilibrium  of  the  combination  in 
the  cell  to  be  upset,  and  Avould  lead  to  detachment  of  toxin.  This  Avould 
happen  AvhatCA'er  Avas  the  affinity  of  the  cell  for  the  toxin,  as  compared  Avith 
that  of  the  antitoxin  for  the  toxin,  though,  of  course,  if  the  latter  affinity 
Avere  less  than  the  former,  a gi’eater  excess  of  antitoxin  Avould  be  required 
to  detach  such  an  amount  of  toxin  as  might  be  I’equired  for  the  preven- 
tion of  fleath.  The  constant  recurrence  of  qiiestions  afi'ecting  the  disso- 
ciation of  the  toxin -antitoxin  reaction  is,  as  this  fresh  instance  sIicaa's, 
very  striking.  It  appears  necessary  to  assume  that  it  exists,  and  it 
appears  equally  necessary  to  assume  that,  if  the  occurrence  does  take 
place,  it  should  have  its  limits.  That  it  is  limited  in  the  body  is 
rather  indicated  by  the  ob.serA-ation  of  liehns  and  others  that  no 
immunity  can  be  produced  in  an  animal  by  injecting  neutral  mixtures 
of  toxin  and  antitoxin.  The  discitssion  of  any  explanation  Avhich  might 
I>e  offered  of  the  facts  if  the  toxin-antitoxin  is  tiot  reversible,  Avould  involve 
us  in  pure  speculation.  Wc  can  f)iily  s,iy  that  any  explanation  of  the 
toxin-antitoxin  reaction  mu.st  include  the  explanation  of  the  undoubted 
thera[>eutic  effects  of  antitoxic  boflics.  In  conclitsion  licrc,  avc  maj’  .say 
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that  while,  as  we  shall  see  later,  there  is  direct  experimental  evidence 
of  some  substances  analogous  to  toxin  in  composition  being  actually 
detachable  from  their  combinations  with  cells,  no  e^adcnce  has  yet 
been  adduced  of  such  detachability,  either  in  toxins  themselves  nor  in 
the  bodies  (e.g.  complements)  most  closely  allied  to  them.  In  fact,  the 
available  evidence  is  rather  against  such  a possibility.  We  must,  there- 
fore, be  prepared  for  a complete  upheaval  of  our  ideas  on  the  whole 
subject. 


Bactericidal  Action  in  the  Animal  Body 

General  Facts  regarding  Immunity  against  Bacterial  Invasion. — 
We  must  now  consider  our  knowledge  regarding  immunity  in  those  bacterial 
diseases  in  which  the  pathogenetic  effects  .are  associated  vdth  the  active 
multiplication  of  bacteria  within  the  bodily  tissues,  whether  these  effects 
are  local  or  general,  or  first  local  and  then  general.  As  we  have  already 
pointed  out,  in  discussing  the  general  pathogenetic  effects  of  l)acteria,  some 
organisms  never  pass  beyond  the  focus  of  inoculation,  and  apparently 
cannot  do  so.  The  effects  of  these  organisms  are  due  to  the  elaboration 
of  the  soluble  toxins,  the  nature  of  which  has  been  discussed.  Other 
bacteria,  whether  in  reality  they  do  so  or  not,  can  multiply  in  a wide- 
spread manner  in  the  body.  These  organisms  very  often  do  not  produce 
substances  of  the  nature  of  the  soluble  toxins  formed  by  the  diphtheria 
and  tetanus  bacilli,  though  in  certain  cases  it  is  probable  such  substances 
may  be  formed.  Here  the  toxic  pathogenetic  effects  are  probably 
caused  chiefly  by  intracellular  toxins.  In  the  cases  of  bacteria  forming 
soluble  poisons,  if  these  poisons  are  present  in  the  body  in  sufficient 
amount  to  cause  death,  it  may  be  enough  for  the  recovery  of  the 
individual  that  the  poisons  are  neutralised.  The  bacteria  cease  to 
multiply  and  die.  We  have  already  referred  to  this  in  speaking  of  the 
prophylactic  action  of  antitoxins.  On  the  other  hand,  and  especially  in 
the  case  of  bacteria  capable  of  active  multiplication  in  the  tissues,  and 
acting  by  means  of  intracellular  poisons,  the  first  essential  to  the  recovery 
of  the  individual  attacked  may  be  that  the  bacteria  should  be  killed, — as 
long  as  a living  bacterium  exists  within  the  body  it  is  a source  of  danger. 
This  fundamental  point  must  be  borne  in  mind  in  all  our  discussions  of 
immunity  against  the  true  infections,  as,  for  convenience,  infections  in 
which  there  is  an  active  proliferation  of  bacteria  in  the  tissues  may  be 
called. 

It  may  be  recalled  that  it  was  against  a true  infection,  nameh'', 
chicken  cholera,  that  in  the  early  jiart  of  the  bacteriological  era  a 
means  of  establishing  immunity  was  devised  by  Pasteur.  This  was 
followed  by  his  immunisation  (266)  of  cattle  against  anthrax.  Since  that 
time  immunity  has  been  produced  against  many  such  diseases.  As 
examples  may  be  quoted  the  work  of  Marmorek  (214)  on  streptococcus 
infection,  Drs.  Eyre  and  AYashbourn  (118)  on  pneumococcus  infection, 
Chantemesse  and  Widal  (70),  and  Pfeiffer  (273)  on  artificial  typhoid  in- 
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fection,  and  Sir  A.  E.  'Wright  (361)  on  natural  infection  by. the  typhoid 
bacillus,  Wassermann  and  Pfeiffer  (271,  281)  on  cholera  infection,  Yersin, 
Calmette  and  Borrel  (379,  380)  on  infection  with  plague.  In  all  these 
cases  the  procedures  adopted  are  of  a similar  kind,  and  in  all  cases 
where  an  immunity  is  developed  that  immunity  is  specific,  i.e.  is  only 
available  against  the  organism  originating  it.  Immunity  is  obtained  by 
employing  as  the  immunising  agent  the  protoplasm  of  the  bacteria  con- 
cerned. Though  we  shall  have  to  consider  the  effects  observed  in  certain 
cases  by  substituting  substances  derived  from  that  protoplasm,  it  is  well 
in  the  fimt  place  to  confine  attention  to  the  immunising  effects  of  the 
actual  bodies  of  the  organisms.  Though  sometimes  immunisation  has 
been  commenced  with  small  doses  of  a virulent  culture,  it  is  usual  in  the 
early  stages  to  employ  some  means  for  decreasing  the  pathogenetic 
activity  of  the  bacterial  protoplasm.  Sometimes  this  is  heated  and  thereby 
killed,  sometimes  it  is  killed  by  chloroform  vapour,  sometimes  living  cultures 
whose  capacities  have  been  depressed  by  long-continued  growth  outside 
the  animal  body — so-called  weak  or  non-virulent  cultures — are  em])loyed. 
In  the  first  two  cases,  as  we  have  seen  when  speaking  of  intracellular 
toxins,  we  have  material  which  has  the  capacity  of  producing  disease 
effects — fever,  wasting, — but  has  lost  the  capacity  for  multiplication. 
Y’ith  regard  to  the  last  case,  the  explanation  of  weakness  of  virulence 
has  still  to  be  discussed.  It  is  always  necessary  to  commence  Avith 
small  doses  of  the  immunising  agent,  and  to  increase  the  dose  onlj'- 
with  great  care,  especially  Avhen  the  injection  of  weak  cultures  is  folloAved 
by  the  use  of  virulent  cultures.  Generally  speaking,  immunisation 
against  bacterial  infection  is  very  much  more  difficult  than  the  immunisa- 
tions against  the  intoxications  we  have  hitherto  considered,  and  much 
greater  care  must  be  exercised.  This  is  especially  necessary,  as  apiAarentl}^ 
the  efficiency  of  the  injections  in  certain  cases  appears  to  depend  on  their 
producing  transient  disease -manifestations.  A degree  of  immunit}’ 

frequently  manifests  itself  very  soon  after  the  commencement  of  the 
treatment.  Thus  amongst  "Wassermann’s  (342)  experiments  was  one  in 
Avhich  the  injection  of  half  the  fatal  dose  of  dead  cholera-bacteria  into  a 
guinea-pig  rendered  it  capable  of  supporting  four  days  later  the  injection 
of  four  M.L.D.  of  living  vibrios.  To  give  an  idea  of  the  tolerance  tliat 
may  be  developed  in  such  immunisations,  an  experiment  of  klarmorek 
(214)  may  be  quoted,  in  Avhich  a horse,  commencing  with  a dose  of  ‘75  c.c. 
of  a living  culture,  of  which  -001  killed  a ra1)lnt,  could  tolerate  at  the  end 
of  some  months  a dose  of  40  c.c.  Reckoning  this  progress  of  tolei'ation 
in  minimal  lethal  doses,  it  is,  however,  slow  compared  with  Avhat  might 
be  observed  in  immunisation  against  a soluble  toxin. 

The  Development  of  Bactericidal  Serums. — In  immunity  against 
Wterial  invasion,  as  in  the  reaction  against  soluble  toxins,  changes  often 
fxrcur  in  the  bloofl-serum  of  the  immunised  animal,  and  Ave  can  lay  doAvn 
as  a thesis  that,  in  certain  cfises  it  lum  ht'cn  shown  ihni  Ihc  serum  of  on 
(inirnnl  immunisod  afiainst  hneteriol  invosion  conlains  snhstonees  ininiieal  lo  the 
life  of  the  invodinr/  buderiu,  ond  Avithin  limit/itions  these  suhstoiors  eon  he 
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used  for  the  passive  immunisation  of  another  animal  against  the  specific  bacterium 
which  originated  them. 

We  may  illusti-ate  this  last  position  by  an  example  from  Marmorek’s 
■work — '2  c.c.  of  the  serurh  of  a horse  highly  immunised  against  the 
Streptococcus  2^yogcnes  if  injected  into  a rabbit  12  to  18  hours 
before  inoculation  with  twice  the  M.L.D.  of  living  streptococci,  was 
sufficient  to  protect  the  animal  against  illness.  Further,  the  injection  of 
the  same  serum  24  to  30  hours  after  inoculation  with  ordinary  strepto- 
coccus cultures  prevented  the  fatal  effect  which  otherwise  would  have 
resulted.  Of  the  highest  importance  here  is  the  fact  tluct  there  is  a limit  to  the 
number  of  minimal  letlud  doses  of  living  cultures  whose  action  can  be  neutral- 
ised by  such  a serum.  In  this  respect  these  antibacterial  serums  differ 
markedly  from  the  antitoxic  serums.  Thus  Wassermann  (344),  in  study- 
ing the  effect  of  a serum  on  the  typhoid  infection  of  guinea-i)igs,  found 
that  such  serum  could  have  no  protective  action  if  more  than  a 
very  few  M.L.D.  were  administered.  The  limitations  to  which,  as  we 
shall  afterwards  see,  the  therapeutic  application  of  this  class  of  serums  is 
thus  suljject  have  had  the  effect  of  directing  investigation  regarding  anti- 
bacterial serums  into  strictly  scientific  lines.  Attention  has  been  chiefly 
paid,  on  the  one  hand,  to  the  phenomena  of  the  natural  resistance  to  and 
of  the  recovery  from  this  class  of  diseases ; and,  on  the  other,  to  the 
problems  concerned  in  the  origin  of  the  antibacterial  serums,  of  Avhose 
development  during  certain  bacterial  immunisations  there  can  be  no 
doubt. 

In  discussing  the  subject  we  shall  first  examine  fully  the  facts  known 
and  the  hypotheses  held  regarding  the  nature  of  these  serums,  and  then 
consider  the  problem  of  cellular  activities  in  relation  to  the  origin  and 
action  of  these  serums. 

We  have  seen  that  in  the  diseases  in  question  there  is  evidence  that  the 
cellular  contents  of  the  causal  bacteria  are  highly  toxic.  It  is  natural  from 
what  has  been  said  regarding  the  action  of  antitoxic  serums  on  extracellular 
soluble  toxins,  that  we  should  inquire  whether  the  antibacterial  serums 
possess  analogous  neutralising  effects  on  the  intracellular  bacterial  toxins. 
Pfeiffer  and  Wassermann  (281)  found  that  this  was  not  the  case.  Work- 
ing on  guinea-pigs  with  intraperitoneal  injections  of  anticholera  serum, 
they  observed  that  these  had  no  effect  on  the  pathogenetic  action  of  cholera 
vibrios  killed  by  chloroform  vapour,  and  likeA\nse  introduced  intraperitone- 
ally.  The  pathogenetic  action  Avas  the  same  in  animals  treated  Avitli 
serum  and  in  those  untreated.  Further,  if  the  killed  bacteria  and  the 
anticholera  serum  Avere  left  in  contact  for  24  hours  before  injection 
into  a guinea-pig,  there  Avas  no  evidence  of  any  interaction  having  taken 
place  in  vitro  between  the  substances.  Thus  the  serum  had  no  neutral- 
ising effect  on  the  intracellular  poisons.  What  it  does  do  Avhen  it 
neutralises  the  effects  of  the  infection  A\'as  indicated  by  other  experi- 
ments of  the  observers  mentioned.  In  one  serum  injection,  instead  of 
dead  vibrios  being  injected,  an  equiA^alent  amount  of  living  vibrios  Avere 
introduced.  The  intracellular  toxin  thus  injected  killed  the  animal,  but 
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on  testing  the  peritoneal  exudation  it  Avas  found  that  practically  no  living 
vibrios  were  left,  though  microscopically  many  degenerated  forms  could 
be  observed  to  be  present — chiefly  Avithin  the  leucocytes.  Thus  an  anti- 
bacterial serum  Avill  only  saA'e  an  animal  if  it  helps  the  animal  to  kill  the 
infecting  bacteria  before  these  have  elaborated  one  minimal  lethal  dose  of 
the  endotoxins.  The  general  tendency  of  these  observations  is  to  indicate 
that  an  antibacterial  serum  owes  its  action  not,  as  in  the  case  of  an  anti- 
* toxic  serum,  to  its  capacity  of  neutralising  the  toxins  produced  by 
the  bacteria,  but  to  its  poAver  of  killing  the  bacteria.  We  shall  later 
discuss  this  point  in  detail,  but  meantime  it  is  Avell  to  keep  this  possi- 
bility constantl)’  in  the  foreground.  Whether  the  antithesis  between  the 
neutralisation  of  intracellular  toxins  and  the  killing  of  the  bacteria  con- 
taining them  is  universally  valid  or  not,  it  is  certainly  the  case,  as  has 
been  indicated,  that  in  immunisation  against  true  bacterial  infection  the 
essential  feature  is  the  development  on  the  part  of  the  immunised  animal 
of  the  capacity  of  killing  the  causal  bacteria  of  the  disease  against  Avhich 
it  is  being  immunised.  When  this  capacity  is  reflected  in  special  properties 
in  the  animal’s  serum  the  latter  is  knoAvn  as  a bactericidal  serum  to  dis- 
tingtiish  it  from  serums  Avhich  are  merely  antitoxic  in  quality.  We  haA'e 
taken  as  an  example  of  such  a serum  that  which  is  developed  in  anti- 
cholera inoculations.  It  is  very  advisable  to  bear  in  mind  that  in  most  of  the 
work  done  on  bactericidal  serums,  this  serum  and  the  antityphoid  serum  heke  been 
the  main  subjects  of  inquiry.  Uhethei'  the  facts  ascertained  regarding  these 
two  serums  are  true  of  other  serums  is  open  to  question. 

The  Pfeiffer  Phenomenon. — The  existence  of  bactericidal  serums  being 
thus  established,  Ave  pass  to  consider  certain  cardinal  facts  observed 
regarding  their  reactions  Avhich  form  the  basis  for  all  the  reasoning 
regarding  their  nature.  The  starting-point  of  all  recent  Avork  here  lies  in 
what  is  known  as  the  “Pfeiffer  phenomenon.”  Pfeiffer  (272)  haAung 
immunised  a guinea-pig  by  a culture  killed  Avith  chloroform,  injected  intra- 
peritoneally  a quantity  of  living  bacilli  insufficient  to  cause  death,  and  from 
time  to  time  AvuthdrcAv  by  capillary  tubes  small  amounts  of  fluid  from  the 
peritoneum,  and  examined  the  condition  of  the  bacteria.  He  found  that 
in  a comparatively  short  time  the  vibrios  became  motionless,  SAvollen  into 
round  coccas-like  bodies,  and  finally  disappeared.  The  same  sequence  of 
events  was  observed  Avhen  anticholera  serum  Avas  introduced  together  Avith 
liA'ing  A-ibrios  into  the  peritoneal  cavity  of  a non-immunised  animal.  This 
is  the  essence  of  the  “Pfeiffer  phenomenon,”  but  the  importance  of  the 
work  of  this  ob.servcr  really  lies  in  the  further  observation  that  if  the 
anticholera  serum  be  heated  for  an  hour  at  60°  C.,  it  still  has  the  protec- 
tive effect  when  introduced  Avith  cholera  vibrios  into  the  peritoneal 
cavity  of  a non-immuni.sed  animal.  This,  taken  along  Avith  the  fact  that 
such  heated  serum  shcAved  no  bactericidal  action  on  cholera  vibrios  out- 
side the  body,  led  Pfeiffer  to  consider  that  the  anticholera  serum  in  it.self 
did  not  conUiin  the  bactencidal  pi-inciplc  Avhosc  action  could  be  observed 
in  the  non-immuni.sed  animal,  but  that  in  it  there  Avas  some  jirinciple 
which  stimulated  the  production  in  the  non-immunised  animal  of  bacteri- 
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cidiil  substances.  Following  on  this  deduction  came  the  epoch-making 
observation  of  Bordet  (34),  which  must  be  considered  as  the  starting- 
point  for  all  recent  research,  and  which  has  given  the  key  to  the  true 
nature  of  bactericidal  action.  Bordet  took  the  serum  of  a guinea-pig 
immunised  against  cholera  and  heated  it  for  one  hour  at  58°  C.  He 
then  mixed  with  it  a little  of  a culture  of  cholera,  and  removing  from 
time  to  time  small  cpiantities,  tested  them  to  see  whether  the  bacteria 
were  still  alive ; like  Pfeiffer,  he  could  observe  no  bactericidal  action. 
He  now  added  to  the  anticholera  serum  a little  serum  from  a non- 
immunised  guinea-pig  (this  serum  also  by  itself  had  no  power  to  kill  the 
cholera  vibrio),  and  he  found  that  the  mixture  was  strongly  bactericidal. 
Thus  in  this  experiment  two  substances  were  apjiarently  necessary  to 
produce  the  bactericidal  effect — one  in  the  anticholera  scrum  and  one  in 
the  serum  of  the  non-immune  animal.  Neither  serum  alone  was  bacteri- 
cidal, but  acting  together  a bactericidal  effect  was  produced.  In  future 
we  shall,  in  describing  such  effects,  speak  of  the  serum  from  an  immunised 
animal  as  “immune  serum,”  and  of  the  serum  from  a non-immunised 
animal  as  “ fresh  serum.”  Further,  Bordet  found  that  heating  this  fre.sh 
serum  for  five  minutes  to  55°  C.  destroyed  its  capacity  of  becoming, 
when  associated  with  the  immune  serum,  a bactericidal  agent.  The 
essential  substance  in  the  fresh  serum  was  thus  susceptible  to  a moderate 
degrefe  of  heat,  and  such  substances  are  often  thus  described  as  “ ther- 
molabile,”  while  the  substances  in  immune  serums,  which  are  more  resist- 
ant to  heat,  are  often  referred  to  as  “ thermostable.”  In  the  heating 
of  the  serum  in  Bordet’s  experiment,  any  thermolabile  substance 
present  which  might  have  had  a similar  effect  to  that  of  the 
thermolabile  substance  of  the  fresh  serum  Avould  have  had  its  action 
destroyed.  Another  observation  made  with  this  immune  serum  was  that 
its  mixture  with  fresh  serum  was  bactericidal  only  for  the  cholera  vibrio. 
In  other  words,  the  action  of  the  thermostable  substance  was  specific. 
We  shall  find  later  that  the  inquiry  whether  similar  specificity  holds  for 
the  thermolabile  body  opens  up  a complex  question.  From  our  present 
standpoint  the  important  points  are,  on  the  one  hand,  the  existence  of  the 
two  classes  of  bodies  and  the  necessity  for  their  interaction  in  producing 
a bactericidal  effect,  and,  on  the  other  hand,  the  different  effects  of  heat 
upon  them.  The  existence  of  similar  classes  of  bodies  with  similar  pro- 
perties has  been  demonstrated  in  the  cases  of  other  bactericidal  serums.  As 
examples  of  the  work  done  in  this  direction,  reference  may  be  made  to 
the  Avork  of  Wassermann  (345),  Ainley  AValker  (338),  Pfeiffer  and  Kolle 
(278)  on  typhoid  infection,  and  of  Neisser  and  Weehsberg  (254)  on 
infection  with  the  vihrio  Metchnikovi. 

As  the  result  of  the  observations  of  Pfeiffer  and  Bordet  a great 
number  of  iiiA'estigations  have  been  made.  The  objects  of  these  researches 
have  been,  on  the  one  hand,  the  correlation  of  the  facts  just  described  with 
facts  already  known,  and,  on  the  other,  the  elucidation  of  the  problems 
Avhich  ncAV  results  seem  to  open  up.  These  researches  may  for  con- 
venience be  classed  in  two  groups : in  the  first  place,  those  Avhich  have 
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to  do  with  the  nature  and  interactions  of  the  thermolabile  and  thermo- 
stable elements  in  bactericidal  action,  and,  secondly,  those  which  have  a 
bearing  on  the  sources  of  these  materials  in  the  body,  and  the  ultimate 
relation  which  they  bear  to  the  essential  phenomena  of  immunity.  We 
shall  deal  with  these  two  classes  of  research  in  turn.  AVe  shall  first 
look  at  the  nature  of  the  thermolabile  and  thermostable  elements  in 
bactericidal  action  and  the  nature  of  the  interaction  between  these  two 
elements. 

Significance  of  Bacteriolysis. — Frequently,  but  probably  not  invariably, 
the  destruction  of  a bacterium  by  an  immune  serum  is  associated  with  a 
swelling  up  and  ultimate  disappearance  of  the  bacterial  cell,  such  as  was 
originally  observed  by  Pfeiffer  for  the  cholera  vibrio.  Pfeiffer  and 
Kolle  (278),  for  instance,  observed  this  with  typhoid  immune  serum. 
This  phenomenon  is  usually  referred  to  as  bacteriolysis.  AVhether 
this  bacteriol}"sis  is  the  essential  factor  in  the  killing  of  the  bacterial 
cells  by  an  immune  serum  is  a question  which  at  present  cannot  be 
definitely  answered,  but  the  association  of  the  two  phenomena  has  for 
the  following  reason  constituted  a very  important  factor  in  the  scientific 
investigation  of  the  nature  of  the  thermolabile  and  thermostable  bodies 
now  under  consideration. 

The  Analogies  between  Bacteriolytic  and  Haemolytic  Serums. — Soon 
after  his  work  on  the  ^cteriolysis  of  the  cholera  vibrio  by  the  combined 
efforts  of  heated  immune  serum  and  fresh  serum,  Bordet  (36)  pointed  out 
the  analogies  between  the  properties  of  the  serums  of  animals  immunised 
against  bacterial  infection,  and  those  of  the  serums  of  animals  into  which 
repeated  doses  of  red  blood-corpuscles  from  another  species  of  animal 
had  been  injected.  Thus  a guinea-pig  is  taken  and  every  three  days 
3 C.C.,  say,  of  the  defibrinated  blood  of  a rabbit  is  injected  intra- 
peritoneally.  This  is  done  on  six  occasions.  The  animal  usually  suffers 
little  inconvenience,  though  if  excessive  doses  be  used  at  the  outset  it 
may  die.  At  the  end  of  this  immunisation-period,  as  it  may  be  called, 
the  animal  is  bled  and  the  serum  separated.  It  is  then  found  that  this 
semm  is  able  to  cause  a solution  of  the  red  blood-corpuscles  of  the 
ral)bit.  If  injected  into  a rabbit  in  sufficient  cpiantity  the  rabbit  will  die 
from  an  intravascular  htemolysis  (see  Bordet  (38),  Cantacuzene  (68)), 
but  in  addition,  and  this  is  more  important,  the  serum  will  cause  a 
similar  haemolysis  in  vitro.  The  method  is  to  take  defibrinated  blood 
of  a rabbit  and  add  it  to  ’8  per  cent  solution  of  sodium  chloride  in  the 
pro{K»rtion  of  five  parts  of  blood  in  one  hundred  of  the  diluent.  This 
■>  per  cent  suspen.sion  of  blood  is  placed  in  quantities  of,  say,  10  c.c.  in 
a series  of  test-tubes,  small  quantities  of  the  immune  serum  arc  added, 
the  tubfis  are  set  to  stand  in  an  incubator  or  water-bath  at  37“  C.  for  two 
hours.  At  the  end  of  this  time  it  will  be  found  that  the  ha3moglobin  will 
have  dissolved  out  of  the  corpuscles  into  the  salt  solution  in  amount  varying 
with  the  amount  of  serum  added,  and  in  the  tubes  containing  the  largest 
amount  of  semm  the  fluid  will  be  (juite  clear  and  contain  no  vestige  of  the 
red  cells  in  a formed  condition.  In  this  case  the  hmmolysis  is  com])lcte.  It 
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is  needless  to  say  that  if  a quantity  of  the  simple  suspension  of  corpuscles 
in  salt  solution  be  placed  under  similar  conditions  all  that  will  happen  (if 
haemolytic  bacteria  be  excluded)  will  be  a sinking  of  the  red  cells  to  the 
bottom  of  the  tube.  By  further  investigation  of  this  phenomenon  Bordet 
found  that  the  immune  serum  lost  its  haemolytic  action  if  heated  to 
55°  C.  for  half  an  hour ; but  if  to  this  heated  serum  there  be  added  a small 
quantity  of  the  serum  of  a “fresh”  guinea-pig  (which  in  itself  has 
no  haemolytic  action  on  rabbit’s  corpuscles)  then  the  combined  action  of  the 
two  serums  was  to  produce  haemolysis,  just  as  happened  in  similar  circum- 
stances with  cholera  immune  serum.  Further,  it  was  found  that  the 
immune  serum  produced  by  the  injection  of  rabbit’s  corpuscles  into  the 
guinea-pig  was  almost  if  not  entirely  specific,  i.e.  the  guinea-pig  serum 
had  little  or  no  effect  on  the  corpuscles  of  other  animal  species.  This 
discovery  by  Bordet  of  the  possibility  of  obtaining  serums  having  lytic 
actions  on  red  blood-corpuscles  similar  to  the  lytic  actions  of  bactericidal 
serums  on  bacteria,  placed  in  the  hands  of  investigators  a method  of  the 
greatest  importance  for  examining  the  nature  of  the  interactions 
of  the  thermolabile  and  thermostable  bodies.  The  number  of  hmmolytic 
immune  serums  obtainable  is  very  great.  Further,  as  the  experiments 
are  done  in  vitro,  and  are  completed  in  a few  hours,  results  can  be 
quickly  obtained,  and  the  exactitude  with  which  cpiantities  of  the 
substances  employed  can  be  measured  adds  to  the  validity  of  any 
deductions  drawn.  As  a result  a very  great  mass  of  work  has  been  done 
on  the  nature  of  the  reactions  of  the  bodies  concerned  in  haemolysis,  and 
it  is  necessary  for  us  to  consider  at  some  length  the  questions  raised  in 
the  researches  in  which  this  ■work  is  detailed.  It  is  well  to  remember  that 
the  chief  justification  for  the  labour  that  has  been  expended  in  investigating  the 
phenomena  of  hcemolytic  serums  lies  in  the  analogy,  which  from  the  point  of  view  of 
immunity,  the  fundamental  facts  bear  to  the  facts  hwwn  regarding  bacteriolytic 
and  bactericidal  serums. 

Terminology. — At  the  outset  it  will  be  well  to  add  to  the  terminology 
already  used  regarding  the  bacteriolytic  and  haemolytic  serums.  e have 
defined  the  terms  “ immune  serum  ” and  “ fresh  serum.”  e must 
recognise  the  terms  which  are  emj)loyed  to  particularise  the  thermostable 
and  thermolabile  substances  occuri’ing  in  connexion  with  these  serums. 
The  thermostable  element,  which  is  the  specific  substance  of  the  immnne 
serum,  i.e.  that  element  which  the  process  of  immunisation  adds  to  the  ordinary 
constituents  of  the  serum  of  the  animal  immunised,  is  usually  called  in  this 
country  and  Germany  the  “immune  body,”  or  (from  Ehrlichs  view  of  its 
constitution)  “ amboceptor  ” ] in  France  it  is  sometimes  know  n as  the 
^^fixateur”  or  “la  substance  sensibilisatricc.”  The  thermolabile  bod}'^  which 
occurs  in  immune  serum  is  merely  a body  present  in  the  ordinary  seium  of  a 
“fresh,”  i.e.  non-immunised  animal.  It  is  called  in  this  countij^  and 
Germany  “complement,”  occasionally  “addiment  ; in  h ranee  )t  is 
frequently  referred  to  as  the  “ alexin.”  It  cannot  be  too  emphaticiill}' 
insisted  on  that  the  amount  of  complement  in  an  immune  serum  is  eithei 
not  at  all  increased  during  the  immunisation  process,  or  at  any  rate  does 
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not  occur  in  uinounts  to  ciny  extent  grcutor  thun  wliiit  nmy  occur  in  ordinury 
serum.  This  statement  was  originally  made  by  v.  Dungern  (92),  and  is 
generally  accepted.  Dr.  Ainley  Walker  (338)  has,  however,  pointed  out 
there  was  a rise  in  complement  during  immunisation  in  the  cases  in- 
vestigated by  V.  Dungern.  There  is  no  doubt  that  the  question  of  the 
variations  in  complement  which  are  observable  both  in  health  and  dui’ing 
immunisation  requires  further  study.  It  is  certainly  true  that  if  any 
increase  of  complement  does  take  place  in  the  latter  contingency  the 
total  amount  is  not  proportional  to  the  amount  of  immune  body  which 
appears  in  the  serum  even  after  a very  short  immunisation. 

Unheated  immune  serum  thus  contains  immune  body  and  complement. 
Heating  the  serum  to  about  55°  C.  for  half  an  hour  destroys  the  action  of 
the  complement  and  leaves  in  the  immune  serum  only  the  “immune  body.” 
“Fresh  serum”  contains  only  “complement,”  which  can  have  its  action 
destroyed  by  heat  as  before.  Heated  immune  serum  is  commonly  spoken 
of  as  serum  “inactivated  by  heat,”  and  when  complement  is  added  to 
such  a serum  the  latter  is  said  to  be  “ activated  ” or  “ reactivated  ” by  the 
addition  of  such  and  such  complement. 

Ehrlich’s  Work  on  Hsemolytie  Serums. — The  chief  workers  in  con- 
nexion with  the  nature  of  hfemolytic  action  and  of  the  relationship  of 
immune  body  and  complement  are  Ehrlich  and  Morgenroth  (108).  Their 
view  is  an  extension  of  Ehrlich’s  conception  as  to  the  constitution  of 
soluble  toxins.  Briefly  stated  it  is  this  : in  an  immune  serum  the  com- 
plement is  the  essential  factor  causing  that  change  in  the  behaviour  of 
the  protoplasm  of  the  red  cells  which  results  in  the  liberation  of  the 
hffimoglobin  and  swelling  of  the  protoplasm  called  haemolysis.  The 
complement  does  so  in  \'irtue  of  possessing  a molecular  affinity  which  we 
must  look  on  as  analogous  to  or  as  corresponding  to  the  toxophorous 
affinity  of  the  toxin.  Further,  the  complement  has  a second  affinity 
corresponding  to  the  haptophorous  affinity  of  the  toxin  molecule.  This 
haptophorous  affinity,  however,  does  not  correspond  to,  and  cannot  be 
♦ saturated  by,  any  affinity  in  the  protoplasm  of  the  red  corpuscles.  It  is 
here  that  the  immune  body  plays  its  part.  The  immune  body  has 
no  haemolytic  effect  on  the  red  cells.  But  in  it  are  two  haptophorous 
affinities ; one  of  these  can  link  on  to  corresponding  affinities  in  the 
cellular  protoplasm,  while  the  other  can  saturate  the  haptophorous 
affinity  of  complement.  In  this  way  through  the  intermediary  of 
immune  body  complement  can  become  attached  to  a red  coll,  and  once 
attached  the  actively  haemolytic  affinity  can  exert  its  action  in  causing 
solution  of  the  cellular  continuity. 

We  shall  describe  the  fundaimental  experiment  on  which  this  view  is 
based.  An  immune  scrum  capable  of  dissolving  sheep’s  corpuscles  was 
obtained  by  injecting  sheep’s  blood  into  a goat.  A quantity  of  this 
senim  inactivated  by  heat  was  mixed  with  a suspension  of  sheep’s 
corpuscles  and  placed  at  40°  C.  for  Do  minutes.  The  mi.vture  was 
centrifuged  anrl  the  corpuscles  were  in  this  way  precipitated  from  the 
fluid  in  which  they  were  suspended.  By  decanting  this  fluid  off  the 
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precipitate,  the  fluid  and  corpuscular  elements  present  in  the  original 
mixture  could  he  easily  separated  from  one  another.  Each  part  was 
then  tested  with  the  object  of  finding  whether  anything  had  happened  to 
the  immune  body  of  the  inactivated  serum  during  the  time  it  had  been  in 
contact  with  the  corpuscles,  and  especially  to  find  whether  any  reaction 
had  taken  place  between  the  immune  body  and  the  corpuscles.  This  could 
be  easily  done  by  taking  advantage  of  the  fact  that  for  this,  as  for  any 
hremolysis  by  a serum,  three  factors  are  necessary : in  the  first  place  the 
appropriate  corpuscles,  secondly  the  appropriate  immune  body,  thirdly 
complement.  The  presence  of  any  two  of  these  factors  can  be  detected 
by  supplying  the  third, — the  presence  of  any  one  by  supplying  the  other 
two.  First,  in  the  experiment  under  review,  the  decanted  fluid  was 
examined.  Clearly  the  only  factor  of  this  particular  hsemolysis  investigated 
which  could  possibly  be  present  in  it  was  immune  body.  Therefore  to 
test  this,  it  was  only  necessary  to  add  some  sheep’s  corpuscles  and  some 
fresh  — i.e.  complement -containing  — goat’s  serum.  If  immune  body 
were  present  the  corpuscles  would  be  hcemolysed.  As  a matter  of  fact 
no  haamolysis  occurred.  Therefore  the  immune  body  had  disappeared 
from  the  fluid  part  of  the  mixture.  Had  it  become  attached  to  the 
corpuscles  of  the  original  mixture  now  in  the  centrifuged  precipitate  1 
Here  there  might  be  present  two  elements,  namely,  the  corpuscles  and 
the  immune  body.  To  test  this  it  was  only  necessary  to  add  comple- 
ment. The  precipitate  was  therefore  now  taken,  stirred  up  in  a little 
normal  saline  solution,  and  some  fresh  goat’s  serum  added,  and  the 
mixture  placed  at  40°  C.  for  two  hours.  At  the  end  of  this  time 
hfemolysis  had  occurred.  Thus,  during  the  time  when  the  original 
corpuscles  had  stood  in  contact  with  immune  body,  they  had  taken  up 
the  latter  from  the  fluid  in  which  they  were  suspended.  The  next  point 
was  to  find  what  would  happen  if  to  sheei)’s  corpuscles,  goat’s  comple- 
ment alone  were  added.  This  will  not  by  itself  cause  haemolysis,  but  it 
might  none  the  less  interact  with  the  corpuscular  protoplasm.  A mixture 
of  sheep’s  corpuscles  and  fresh  goat’s  serum  was  therefore  made  and 
allowed  to  stand  for  15  minutes  at  40°  C.  By  centrifugalisation  and 
decanting,  the  corpuscles  and  fluid  were  separated  as  before.  To  the 
fluid,  sheep’s  corpuscles  and  inactivated  goat’s  immune  serum  were 
added,  and  haemolysis  of  the  added  corpuscles  occurred.  To  the 
precipitate  of  the  original  corpuscles  (which  would  have  contained 
complement  if  union  between  complement  and  the  corpuscular  protoplasm 
had  occurred)  there  was  added  inactivated  immune  serum, — no  Iwemolysis 
occurred.  From  this  it  was  deduced  that  during  the  time  the  original 
corpuscles  had  been  in  contact  with  the  complement  present  in  the 
fluid  in  which  they  had  been  suspended,  no  union  between  these 
corpuscles  and  the  complement  had  taken  place.  The  following  scheme 
of  these  two  experiments  gives  at  a ghmee  the  process  of  inquiry  and  the 
result  : — 
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SCHEME  OF  EHRLICH’S  FUNDAMENTAL  HiEMOLYTIC  EXPERIMENT 

Mixture  A. 


Containing  (I)  4 c.c.  5 per  cent  suspension  of  sheep’s  blood  in  ’75  per  cent 
NaCl ; 

(2)  I C.C.  inactivated  goat’s  serum ; 
iras  left  at  40°  C.  for  1 5 minutes, 

teas  then  centrifuged  and  the  fluid  (Al)  decanted  off  the  preci'pitated  corpuscles  (A2). 


A1 


containing  fluid  of  A. 

There  was  added 

(1)  -2  C.C.  ordinary  sheep’s  blood, 

(2)  -8  c.c.  fresh  goat’s  serum, 

luid  the  mixture  was  placed  at  37°  C. 
for  2 hours. 

Result : No  H.£MOLTSiS  of  corpuscles 
in  the  -2  c.c.  of  sheep’s  blood  added. 


containing  corpuscles  of  A. 

Tlwe  was  added 

(1)  4 c.c.  of  '75  per  cent  NaCl 

solution, 

(2)  -8  C.C.  fresh  goat’s  serum, 

and  the  mixture  teas  placed  at  37°  C. 
for  2 hours. 

Result : H^jiolysis  of  corpuscles 
originally  placed  in  A. 


Mixture  B. 


Containing  (1)  4 c.c.  5 per  cent  suspension  of  sheep’s  blood  in  '75  per  cent 
NaCl ; 

(2)  '8  c.c.  fresh  goat’s  serum ; 
was  left  at  40°  C.  for  15  minutes, 

was  then  centrifuged  and  the  fluid  (Bl)  decanted  off  the  precipitated  corpuscles  (B2). 


B1 


containing  fluid  of  B. 

There  was  culded 

n)  '2  c.c.  ordinary  sheep’s  blood, 

(2)  1 c.c.  inactivated  goat’s  immune 
serum, 

a.Tul  the  mixture  was  placed  al  37°  C. 
ffer  2 hours. 

Re.sult;  ILkmoi-y.si.s  of  the  corpuscles 
in  the  "2  c.c.  of  sheep’s  blood  added. 


B2 


containing  corpuscles  of  B. 

There  was  added 

(1)  4 C.C.  of  -75  per  cent  NaCl 

solution, 

(2)  1 c.c.  inactivated  goat’s  immune 

serum, 

and  the  mixture  was  placed  at  37°  C. 
for  2 hours. 

Result : No  HjEMouysis  of  the  cor- 
puscles originally  placed  in  B. 


'Fhis  experiment  ha.s  been  desenbed  in  detail  not  only  for  its  funda- 
mental importance,  but  becaii.se  it  illustrates  the  method  of  practically 
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all  the  subsequent  researches  along  similar  lines.  Almost  the  only 
elaboration  which  is  now  practised  is,  that  whenever  the  taking  up 
of  any  body  by  rod  corpuscles  is  suspected,  the  centrifuged  deposit 
is,  after  decantation  of  the  fluid,  mixed  up  with  salt  solution,  thoroughly 
shaken,  and  again  centrifuged  and  the  solution  decanted ; in  fact,  this 
procedure  is  usually  practised  se\'CTval  times  to  ensure  that  all  the  original 
fluid  is  thoroughly  washed  off  the  corpuscles.  When  “M’ashed  corpuscles” 
are  spoken  of,  it  is  this  manipulation  which  is  referred  to. 

The  interpretation  put  by  Ehrlich  on  these  two  experiments  was,  as 
we  have  said,  that  complement  could  not  combine  with  corpuscles  while 
immune  body  could,  but  that  when  corpuscles  had  immune  body  attached 
to  them,  then  complement  could  combine  with  the  combination  and  cause 
hjemolysis.  The  next  point  investigated  by  Ehrlich  was  whether  in  an 
immune  serum  the  complement  and  immune  body  present  were  free  from 
each  other.  To  test  this,  the  exact  amount  of  immune  body  and  com- 
plement necessary  for  complete  hsemolysis  of  a given  quantity  of  sheei^’s 
corpuscles  was  determined.  It  was  found  that  for  htemolysis  of  5 c.c.  of 
the  5 per  cent  sheep’s  blood  emulsion  in  to  2 hours,  I'O  to  1'3  c.c.  of 
inactivated  immune  serum  and  ‘5  c.c.  normal  goat’s  serum  were  necessary. 
Taking  advantage  of  the  fact  that  hfemolysis  does  not  take  place  below 
3°  C.,  such  a mixture  was  made  up  below  this  temperature,  kept  at  it 
for  a time,  and  tlien  centrifuged  and  tested  as  before.  . It  was  found 
that  the  immune  body  was  attached  to  the  corpuscles,  while  the  comple- 
ment remained  free  in  the  fluid.  From  this  it  was  deduced  that  at  the 
temperature  named,  immune  body  and  complement  could  exist  side  by 
side  in  a separate  condition.  At  higher  temperatures  there  was  evidence 
of  the  possibility  of  their  entering  into  a loose,  easily  dissociable  combina- 
tion, and  the  general  conclusion  was  drawn  from  all  the  ex])eriments,  that 
of  the  two  haptoi)horous  groups  supposed  to  exist  in  the  immune  body, 
one  had  a strong  affinity  for  certain  combinations  in  the  susceptible  cells, 
while  that  which  combined  with  the  haptophore  group  present  in  com- 
plement was  not  so  strong. 

The  Occurrence  of  Hcemoh/sins  in  Normal  Serums. — That  the  development 
of  hsemolytic  serums  is  closely  related  to  some  normal  pi’oeess  common  in 
the  ordinary  metabolism  of  the  animal  body  is  indicated  by  the  fact 
that  the  serums  of  some  animals  are  naturally  possessed  of  the  capacit}’  of 
hcemolysing  the  blood-corpuscles  of  other  species,  and  there  is  evidence 
that  the  process  of  haemolysis  is  in  such  cases  identical  with  what 
takes  place  when  in  an  animal  a hmmolytic  serum  is  developed  by  an 
immunisation  procedure.  In  natural  hiemolytic  serums  theie  is  evidence 
that  two  bodies  are  concerned.  Thus,  Ehrlich  found  that  the  serum  of 
an  ordinary  goat  is  hiemolytic  towards  the  corpuscles  of  both  the  rabbit 
and  the  guinea-pig.  The  goat’s  sei'um  can  be  inactivated  by  heat  just  as 
an  ordinary  immune  serum  can.  It  can  be  reactivated  by  the  addition 
of  some  ordinary  horse’s  serum,  which  in  itself  has  no  hemolytic  effect 
on  the  corpuscles  in  question.  The  horse’s  serum  loses  its  reactivating 
power  on  heating  at  55°  C.  From  this  Ehrlich  deduces  that  the  hmmolytic 
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action  of  the  goat’s  serum  is  clue  to  the  presence  of  tAvo  substances,  a 
thermostable  and  a thermolabile.  The  place  of  the  latter  can  be  taken 
bv  a similarly  thermolabile  body  existing  in  the  horse’s  serum.  The 
thennostable  body  corresponds  to  the  immune  body  of  an  immune  serum, 
the  thermolabile  is  a complementary  body.  To  these  thermostable  bodies 
of  normal  serums  Ehrlich  gives  the  name  “ zwischenkurper.^’  A great  many 
examples  of  such  bodies  probably  exist,  but  the  facts  are  difficult  to 
demonstrate.  Eigid  proof  is  only  possible  when,  as  in  the  case  cited, 
the  ztcischenkorper  is  callable  of  being  complemented  by  a serum  in  itself 
not  hiemolytic  for  the  corpuscles  sensitive  to  that  zwischenkorper. 

The  fact  that  in  the  case  of  each  immune  serum  the  action  is  specific 
for  the  corpuscles  which  stimidated  its  origin,  prepares  us  to  expect  that 
the  animal  body  is  capable  of  giving  rise  to  a great  many  bodies  of  the 
same  order  but  manifesting  individual  differences,  and  there  is  abundant 
evidence  that  this  is  the  case. 

The  Multiplicity  of  Immune  Bodies  and  of  Complements. — The 
first  point  to  be  illustrated  here  is  the  multiplicity  of  zwischen- 
kiirper  which  may  exist  in  the  same  blood.  To  shew  this  Ehrlich  took 
the  serum  of  the  goat,  which,  as  has  been  said,  is  under  normal  condi- 
tions haemolytic  both  for  rabbit’s  and  guinea-pig’s  corpuscles ; it  can  be 
inactivated  by  heat,  and,  as  already  stated,  can  be  complemented  by 
ordinary  horse -serum. ' The  problem  of  whether  it  was  the  same 
zjnschenkurpefr  in  the  goat’s  serum  which  was  concerned  in  the  solution  of 
both  kinds  of  susceptible  corpuscles  was  attacked.  To  this  end  there 
was  determined  the  amount  of  inactivated  goat’s  serum  Avhich,  when 
activated  by  horse  complement,  was  necessary  to  dissolve  a given  amount 
of  rabbit’s  blood.  To  such  a given  quantity  of  rabbit’s  blood  the  neces- 
sary amount  of  inactivated  goat’s  serum  rvas  added,  and  after  alloAving 
time  for  the  corpuscles  to  take  up  the  immune  body  the  mixture  was 
centrifuged.  The  fixation  of  the  immune  body  was  proved  by  the 
fact  that  the  addition,  to  the  decanted  clear  fluid,  of  rabbit’s  blood  and 
horse  complement  was  not  folloAved  by  haemolysis  of  the  newly  added 
rabbit’s  corpuscles,  and  by  the  further  fact  that  the  addition  of  horse 
complement  to  the  centrifuge  deposit  caused  haemolysis  of  the  original 
corpuscles.  On  the  other  hand,  if  to  the  clear  fluid,  instead  of  rabbit’s 
corpuscles  and  horse  complement,  there  Avere  added  guinea-pig’s  blood  and 
horse  complement,  then  solution  of  the  guinea-pig’s  corpuscles  took  place. 
This  shcAved,  according  to  Ehrlich’s  vieAv,  that  after  the  rabbit’s  corpuscles 
had  taken  from  the  goat’s  serum  all  the  zwischenkorper  they  Avere  capable 
of  fixing,  there  still  remained  a zwischenkorper  Avhich  eould  bo  taken  up 
by  the  guinea-pig’s  corpuscles;  in  other  Avords,  in  the  normal  serum  of  the 
goat  there  are  present,  so  far  as  the  reaction  under  consideration  is  con- 
cemefl,  two  zvnschenkorper — one  of  Avhich  can  act  on  rabbit’s  blood,  the 
other  on  guinearpig’s  blood. 

Ehrlich  next  asked  Avhether  in  tlm  ordinary  double  hremolytic 
action  of  the  goat’s  serum  the  two  zivischenkiirper  avci’o  coni] tlcmcii tod 
by  the  same  complement.  Goat’s  scnim  Avas  filtered  through  a 
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porceLaiii  filter,  and  it  Avas  found  that  while  the  filtrate  Avas  as 
powerfully  hasmolytic  for  guinea-pig’s  blood  as  the  original  serum, 
the  hfemolytic  action  on  rabbit’s  blood  shcAved  great  Aveakening. 
This  might  have  been  due  to  a keeping  back  of  rabbit  zwischen- 
Icorper,  of  complement,  or  of  both.  That  the  zwischenkorper  passed 
through  in  sufficient  quantity  Avas  shcAvn  by  the  fact  that  the  addition  of 
horse  complement  restored  to  the  filtrate  its  normal  capacity  of  dissolving 
rabbit’s  corpuscles.  From  this  Ehrlich  concludes  that  in  the  goat’s  serum 
the  two  zmscJienkdtper  we  are  dealing  Avith  are  not  complemented  by  the 
same  complement. 

The  multiplicity  of  zwischenkorper  and  the  complexity  of  the  Avhole 
reaction  are  borne  out  by  Ehrlich’s  observations  pointing  to  the  existence 
of  more  than  one  zwischenkorper  Avith  similar  effects  in  the  same 
serum.  Thus  the  serum  of  the  dog  is  haemolytic  towards  guinea-pig 
corpuscles,  and  Avhen  inactivated  can  be  complemented  by  guinea-pig 
serum.  By  careful  experimentation  it  Avas  found  that  inactivated  serum 
could  also  be  complemented  by  horse  serum,  but  that  Avhen  in- 
activated serum  was  thus  complemented  it  had  only  one-sixth  of  the 
haemolytic  action  of  the  ordinary  active  serum ; in  other  words,  only 
one-sixth  of  the  zioischenk'uiper  of  the  dog  serum  had  an  affinity  for  horse 
complement,  the  other  five-sixths  manifested  the  affinity  for  the  comple- 
ment of  guinea-pig  serum.  Ehrlich  also  adduced  observations  to  shew 
that  in  immune  serums  a similar  multiplicity  of  similarly  acting  immune 
bodies  differently  complemented  might  occur,  and  in  a later  paper  Avith 
Sachs  (112),  he  has  brought  forAvard  further  eAudence  bearing  on  the 
multiplicity  of  complements.  He  obseiwed  that  normal  goat’s  serum 
complemented  the  folloAving  mixtures  : — (a)  Guinea  - pig  corpuscles 
•+  inactive  normal  goat -serum;  {h)  rabbit’s  corpuscles  -t-  inactwe 
normal  goat  - serum ; (c)  rabbit’s  corpuscles  4-  inactive  serum  of  goat 
immunised  Avith  rabbit’s  corpuscles ; (d)  ox  corpuscles  •+-  inactive  serum 
of  goat  immunised  AAuth  ox -blood;  (e)  dog’s  corpuscles  -i-  inactive 
sermn  of  goat  immunised  Avith  dog-blood.  Evidence  could  be  adduced 
that  different  complements  Avere  concerned  in  each  case.  In  digesting 
the  complementing  serum  Avith  papain,  it  Avas  found  that  at  a time 
when  four,  complements  had  almost  entirely  disappeared  one  AAvas  not 
much  affected.  Treatment  Avith  soda  solution  caused  the  production  of  a 
similar  effect.  It  was  further  observed  that  the  complements  present 
manifested  different  degrees  of  susceptibility  to  heac.  These  results 
might,  however,  conceivably  have  been  due  to  a peculiar  constitution  of 
the  complementary  substance,  and  Avould  be  explicable  if  the  latter  Avere 
supposed  to  have  a single  affinity  by  Avhich  it  could  link  on  to  many 
immune  bodies,  AAEile,  on  the  other  hand,  it  possessed  a great  Awiety  of 
affinities  to  which  the  cytolytic  action  Avas  dne.  To  meet  such  an 
objection  Ehrlich  tried  to  remove  some  of  the  complements  by  treating 
the  serum  AAdth  corpuscles  sensitised  by  appropriate  immune  bodies,  and 
in  this  he  succeeded.  By  such  treatment,  Avhile  some  of  the  comple- 
ments Avere  unaffected,  a disappearance  of  others  Avas  observed.  It  may 
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be  mentioned  here  that  the  experiments  relating  to  the  different  effect  of 
heat  on  different  complements  are  of  great  importance,  as  numerous 
investigivtions  have  shewn  that  examples  of  such  an  occurrence  are  very 
freipiently  met  with.  The  temperature  of  55°  C.,  at  which  the  weakening 
of  complementary  power  is  usually  said  to  be  manifested,  is  a rough 
average  only. 

The  Occurrence  of  Anticomplements. — The  analogy  existing  between 
the  action  of  complements  and  that  of  soluble  bacterial  toxins  will  have 
struck  the  reader.  Looking  at  their  similarity  from  his  point  of  view 
Ehrlich  would  say  that  in  both  there  is  a haptophorous  group  j in  both 
there  is  a group  responsible  for  the  specific  action  of  the  body.  The 
difference  lies  in  the  fact  that  in  the  toxin  the  haptophorous  group  is 
hnked  to  the  cell  on  which  the  toxophorous  group  acts,  while  in  the 
other  it  is  linked  to  an  intermediary  body  which  in  turn  is  linked  to  the 
susceptible  cell.  It  is  thus  not  surprising  that  Ehrlich  should  have 
inquired  whether  by  injecting  complement  any  body  corresponding  to  an 
antitoxin  could  be  obtained.  Evidence  exists  that  in  many  cases  an 
anticomplementary  action  can  be  developed.  Thus,  ordinary  horse 
serum  complements  a great  number  of  zwischenkorper.  If  it  be  injected 
after  the  manner  of  an  immunisation  into  a goat  the  serum  of  the  latter 
contains  the  antagonising  substance.  To  prove  this,  rabbit’s  blood  is  treated 
with  inactivated  goat-serum  (which,  as  stated  above,  contains  an  immune 
body  capable  along  with  horse  complement  of  causing  htemolysis),  and 
centrifuged,  washed,  and  mixed  with  salt  solution.  If  now  horse  com- 
plement, along  with  the  anticomplementary  serum,  be  added  to  the 
sensitised  corpuscles  no  htemolysis  occurs.  That  this  is  not  due  to  any 
interaction  between  the  sensitised  corpuscles  and  the  complement  and 
anticomplement  is  shewn  by  the  fact  that  if  the  mixture  be  again 
centrifuged,  the  corpuscles  washed,  and  treated  with  fresh  horse-serum, 
hsemolysis  occurs.  According  to  Ehrlich  the  anticomplement  has  pro- 
tected the  sensitised  corpuscles  by  combining  with  the  haptophorous 
group  of  the  complement,  just  as  antitoxin  unites  with  toxin. 

The  Oeeurnenee  of  Anti-immune  Bodies. — Further,  Ehrlich  (110)  has 
brought  forward  facts  to  prove  that  not  only  anticomplements  but  anti- 
irnmune  bodies  can  be  developed.  It  is  plain  that  theoreticall}^  the 
action  of  an  immune  body  can  be  inhibited  by  interference  either 
with  its  cytophilic  or  with  its  complementophilic  affinity.  First,  with 
regard  to  the  cytophilic  affinity,  i.e.  that  b}^  which  it  is  anchored  to  the 
“receptor”  of  the  cell  (as  Ehrlich  calls  the  affinity  in  the  cell  to  which  a 
foreign  substance  may  be  anchored),  Ehrlich  injected  into  a goat  the 
heated  .senim  of  rabbits  in  which  an  immune  serum  against  ox-blood  had 
been  developed.  He  mixed  a moiety  of  this  goat’s  serum  (heated)  with 
varying  amounts  of  rabbit’s  immune  body  and  ox-corpuscles,  allowed  the 
mixtures  to  remain  in  contact,  centrifuged  off  the  fluid,  and  added  a 
sufficient  comjdement.  The  result  was  that  several  multiples  of  the  simple 
dissolving  dose  of  immune  body  were  reipiired  before  there  was  any 
evidence  of  blood-corjarscles,  immune  body,  and  comj)lcment  uniting.  'I'liis 
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is  certainly  evidence  of  an  anti-immune  body  acting  on  the  cytophilic 
affinity  of  the  immune  body,  provided  that  the  corpuscles  in  the 
case  in  question  wore  not,  as  Ave  shall  see  often  occurs,  capable  of  fixing 
many  times  the  amount  of  immune  body  requisite  for  simple  solution. 
In  this  latter  event  the  corpuscles  might  attach  to  themselves  a consider- 
able amount  of  immune  body  Avith  anti-immune  body  anchored  to  its 
complomentophilic  affinity,  and  there  might  still  be  room  for  a simple 
dissolving  dose  to  be  present  in  addition.  Bordet  (41)  has  brought 
forAvard  experiments  Avhich  according  to  Ehrlich  and  Sachs  (114)  point  to 
the  existence  of  anti-immune  bodies  Avhich  link  themselves  to  the  comple- 
mentophilic  affinity.  Working  AAuth  the  serum  of  rabbits  immunised 
Avith  o.x-blood,  he  found  evidence  that  the  action  of  the  immune  body  it 
contained  Avas  antagonised  by  the  heated  serum  of  guinea-pigs  Avhich  had 
been  injected  Avith  the  serum  of  fresh  rabbits.  This  last  serum  contained 
naturally  no  zmschenkorper,  so  that  the  development  of  antiamboceptors 
by  its  use  must  have  resulted  from  the  action  of  other  molecular  complexes. 
Ox  corpuscles  sensitised  Avith  rabbit’s  immune  body  Avere  Avashed  and  the 
anti-immune  body  AA'as  then  left  in  contact  Avith  them.  The  corpuscles 
Avere  again  Avashed ; on  a suitable  complement  being  added  haemolysis 
took  place.  Whether  further  research  Avill  substantiate  these  aubavs  as 
to  the  action  of  anti-iramune  bodies  or  not,  there  can  be  no  doubt  from 
such  expei-iments  as  those  of  Bordet,  Muller,  and  others,  that  substances 
of  this  nature  exist. 

The  Oeeuppenee  of  Complementoids. — Just  as  from  toxins  Aveaker 
bodies,  the  toxoids,  can  be  formed,  so  from  complements  there  is  evidence 
that  weakened  bodies,  or  complementoids,  can  be  produced,  though,  so  far 
as  is  known,  these  are  not  quite  analogous  to  the  toxoids  in  the  relation 
of  their  properties  to  those  of  the  parent  substance.  Ehrlich  obtained 
evidence  of  their  existence  by  injecting  complement  inactivated  by  heat 
into  an  animal.  In  the  serum  of  this  animal  it  Avas  found  that, 
folloAving  on  these  injections,  an  anticomplement  appeared.  The  deduc- 
tion from  this  was  that  Avhile,  in  consequence  of  heating,  the  cytotoxic 
property  of  the  complement  had  disappeared,  its  combining  affinity  AV’^as 
still  intact  and  could  stimulate  the  production  of  an  antibody.  The 
complementoid  differed  from  a toxoid  in  that  Avhile  toxoid  can  partially 
saturate  antitoxin,  no  evidence  could  be  obtained  of  complementoid 
partially  saturating  immune  body. 

Such  are  Ehrlich’s  main  positions.  From  considerations  of  space  it 
is  quite  impossible  to  enter  fully  into  the  minute  details  of  his  Avoik. 
A fcAV  points,  hoAvever,  deserve  attention.  For  instance,  in  the 
case  of  many  of  the  substances  dealt  Avith,  Avhile  definite  and  independent 
linkings  appear  to  exist  in  a molecule,  it  does  not  folloA\^  that  the 
independence  of  these  linkings  is  absolute,  e.g.  that  the  saturation  of  one 
link  or  affinity  leaves  the  others  in  their  original  condition.  Thus,  Avhen 
the  cytophilic  group  of  an  immune  body  is  anchored,  the  complemcnto- 
philic  group  often  has  its  avidity  for  complement  raised.  This  is 
manifest  in  the  fundamental  experiment,  from  Avhich  it  appears  that 
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immune  body  and  complement  exist  side  by  side  in  the  serum  till  the 
immune  body  becomes  attached  to  a cell,  when  at  once  its  other  affinity 
takes  up  complements.  Again,  Ehrlich  and  Sachs  (113)  have  shewn 
that  occasionallj'  when  the  activity  of  the  cytolytic  group  of  the 
complement  molecule  is  afiected  by  heat  (complementoid),  the  avidity  of 
the  haptophorous  groitp  is  increased.  Taking  into  consideration  the 
close  affinities  between  complement  and  simple  toxins,  this  may  be  taken 
as  fiu-nishing  an  experimental  justification  for  Ehrlich’s  \dew  that  in 
toxoid  development  one  possible  toxoid  (protoxoid)  may  exist  in  which, 
while  the  potency  of  the  toxophorous  group  is  diminished,  that  of  the 
haptophorous  group  is  increased.  In  connexion  with  this  haemolytic 
work  a final  point  may  be  mentioned.  The  development  of  a haemolytic 
serum  by  an  animal  species  A when  the  blood  of  a species  B is  injected 
is  common.  The  de-velopment  of  a haemolytic  serum  when  the  blood  of 
one  indiffidual  of  species  A is  injected  into  another'  individual  of  the 
same  species  occurs,  though  not  constantly ; such  a hfemolysin  is  called 
by  Ehrlich  (111)  an  isolysin.  The  development  of  a haemolysin  by  the 
iirjection  of  an  animal  with  its  own  blood  is  excessively  rare.  This 
non-development  of  an  autolysin  is  an  expression  of  what  Ehrlich  calls 
the  horror  auiotoxicus,”  which  dominates  an  animal  organism. 

Results  bearing  on  Ehrlich’s  Work  on  Hsemolytie  Serums. — 
Haffing  hitherto  given  Ehrlich’s  views  Avithout  reference  to  criticism 
they  have  provoked,  or  to  the  results  of  other  observers,  we  must 
now  consider  some  of  the  objections  which  may  be  urged  against 
them,  and  especially  here  Bordet’s  work  (38).  In  Ehrlich’s  view  it  is 
evident  there  is  supposed  to  be  a fixed  relation  between  immune  body 
and  complement.  If  a substance  unites  molecularly  with  another 
substance,  it  is  plain  that  the  union  ivill  take  place  in  definite  pro- 
portions. A certain . amount  of  immune  body  cannot  take  up  more 
complement  than  it  has  complementophilic  affinities  for.  When  all  the 
available  affinities  of  the  immune  body  are  satisfied,  then  so  far  as  the 
possibility  of  any  haemolytic  action  occurring  is  concerned  any  additional 
complement  present  is  an  inert  body.  Further,  Ehrlich  holds  to  the 
probability  of  many  complementary  bodies  existing  side  by  side  in  the 
normal  serum.  The  different  immune  bodies  of  different  specific 
immune  serums  may  act  in  combination  with  different  complements.  On 
these  two  points — rigidity  of  molecular  relationship  between  immune 
l>ody  and  complement  and  multiplicity  of  complementary  bodies — Bordet 
joins  i.ssue  with  Ehrlich.  It  may  be  said,  however,  that,  generally 
speaking,  he  has  independently  arrived  at  the  same  conclusion  as  Ehrlich 
on  many  of  the  chief  points  regarding  hmmolytic  serums,  as,  for  instance, 
the  fixation  of  immune  body  to  the  sensitive  cells,  and  he  has  made 
many  valuable  fwlditions  to  our  knowledge  of  the  subject.  Amongst 
other  contnbiitions  to  the  investigation,  ho  has  shewn  that  it  is  to  the 
stroma  of  the  red  blood -corjmscio  that  immune  body  becomes  attached, 
anrl,  further,  that  by  the  injection  of  stromata  into  an  animal  there  can  be 
obtained  a .senirn  hiemolytic  to  the  corpuscles  from  which  the  material 


io6 


SYSTEAf  OF  AIEDICINE 


injected  was  derived.  Of  his  objections  to  Ehrlich’s  interpretation  based 
on  the  main  facts,  about  which  both  observers  are  in  the  main  in 
agreement,  we  shall  first  take  up  the  question  of  singleness  of  com- 
plement. The  French  school  generally  has  been  much  impressed  with 
the  fact  that  the  thermolabile  nature  of  complementary  serums  recalls  the 
similar  behaviour  towards  heat  shewn  by  many  ordinary  ferments,  and  it 
is  natural  that  this  resemblance  should  suggest  the  possibility  of  com- 
plements possessing  the  general  quality  of  ferments  for  originating 
changes  of  indefinite  extent.  We  shall,  in  fact,  see  later  that  the 
complements  or  alexins  are  often  included  by  French  writers  in  a general 
group  of  substances  named  cytases,  a word  framed  on  the  model  of  the 
general  terminology  applied  to  ferments.  Seeing  that  solution  of 
continuity  of  cells  analogous  to  peptic  digestion  is  a common  feature  of 
alexin  action,  it  is  perhaps  not  surprising  that  the  possibility  of  only  one 
substance  being  concerned  in  the  process  should  be  contemplated. 
Bordet  founds  his  view  of  the  singleness  of  complement  or  alexin  on  an 
extension  of  Ehrlich’s  observation  that  an  immune  body  can  be  com- 
plemented by  more  than  one  kind  of  serum.  He  notes  that  a haemo- 
lytic serum  produced  by  injecting  rabbit’s  blood  into  the  guinea-pig  can 
be  complemented  not  only  by  guinea-pig  serum  but  by  that  of  the  rat, 
the  goat,  the  dog,  and  even  the  pigeon.  Further,  a serum  produced  by 
injecting  cholera  vibrios  into  the  goat  can  be  complemented  not  only  by 
the  serum  of  the  goat  but  also  by  that  of  man,  of  the  guinea-pig,  the 
rabbit,  the  rat,  the  fowl,  and  the  pigeon.  He  further  produces  evidence 
that  the  alexin  which  dissolves  cholera  vibrios  is  the  same  as  that  which 
dissolves  red  blood-corpuscles.  At  the  same  time,  he  does  not  adhere  to 
a rigid  view  that  there  exists  only  one  complementary  body  acting 
through  all  possible  immune  bodies.  The  following  is  a scheme  of  his 
fundamental  experiment : — 


Scheme  of  Bordet’s  Experiment  to  shew  Identity  of  Bacteriolytic  and 

Hemolytic  Alexins 


Materials  used — 

(1)  Emulsion  of  cholera  vibrios. — A 24-hour  agar  culture  of  the  cholera 

vibrio  suspended  in  5 c.c.  of  '65  per  cent  NaCl. 

(2)  Inactivated  cholera  serum. — The  heated  serum  of  a rabbit  immunised 

with  the  cholera  vibrio. 

(3)  Heated  fresh  rabbit-serum. — Heated  serum  of  fresh  rabbit  for  purpose  of 

comparison. 

(4)  Fresh  guinea-pig  serum. 

(5)  Sensitised  rabbit  corpuscles. — Washed  corpuscles  from  two  drops  of  rabbit 

blood  sensitised  by  action  of  '2  c.c.  inactivated  serum  of  guinea-pig 
immunised  with  rabbit  blood. 
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Stage  1.  The  follmvhig  mixtures  were  made — 

Mixture  A.  Mixture  B.  Mixture  C. 

(1)  -5  c.c.  fresh  guinea-  (1)  '5  c.c.  fresh  guinea-  (1)  '5  c.c.  fresh  guinea- 

pig  serum.  pig  serum.  pig  serum. 

(2)  -3  C.C.  inactivated  (2)  '3  c.c.  heated  fresh  (2)  -3  c.c.  heated  fresh 

cholera  serum  (rabbit).  rabbit  serum.  rabbit  serum. 

(3)  -5  c.c.  emulsion  of  (3)  -5  c.c.  emulsion  of 

cholera  vibrios.  cholera  vibrios. 

Stage  2.  The  three  mixtures  are  allowed  to  stand  1 hour 
and  there  was  then  added — 

(4)  -2  c.c.  sensitised  (4)  -2  c.c.  sensitised  (3)  '2  c.c.  sensitised 

rabbit  corpuscles.  rabbit  corpuscles.  rabbit  corpuscles. 

ItesxiM.  Result.  Result. 

No  haemolysis  of  sensi-  Hajmolysis  of  sensitised  Haemolysis  of  sensitised 
tised  rabbit  cor-  rabbit  corpuscles.  rabbit  corpuscles, 

puscles. 

It  -will  be  observed  that  in  the  first  stage  of  the  experiment  only  in 
mixture  A were  there  the  two  elements  (viz.  cholera  vibrios  and  inacti- 
vated cholera  serum)  capable  of  removing  alexin  from  the  fi'esh  guinea-pig 
serum ; and  in  the  second  stage  of  the  experiment  onl}^  in  A was  there 
evidence  of  the  absence  of  alexin.  Bordet  with  Gengon  (43)  has 
performed  other  experiments  on  the  same  lines  to  shew  that  plague 
bacilli  sensitised  with  an  antiplague  serum  could  take  up  the  same 
complement  as  rabbit  corpuscles  sensitised  by  an  antirabbit  immune 
serum.  The  general  interpretation  is  the  same  as  in  the  experiment 
detailed.  The  view  of  Ehrlich  that  a cell  will  not  take  up  complement 
unless  immune  body  be  present  is  confirmed,  but,  as  in  the  other  ex- 
periment, evidence  is  recognised  of  one  complementary  body  acting  along 
with  two  immune  bodies. 

To  turn  now  to  Bordet’s  objection  to  the  existence  in  hsemolysis  of  a 
definite  quantitative  relationship  between  immune  body  and  complement. 
This  is  chiefly  founded  on  the  following  experiment.  It  was  found  that 
•4  c.c.  of  a htemolytic  serum  would  dissolve  the  corpuscles  of  '5  c.c.  of 
blood  in  one  hour ; but  if,  instead  of  adding  this  amount  of  blood  to  the 
serum  all  at  once,  it  was  added  fractionally,  a different  result  was  obtained. 
Thus  to  the  "4  c.c.  of  serum  '2  c.c.  of  blood  was  added,  and  an  hour  later 
T c.a  and  .so  on.  It  was  found  that  though  the  first  fraction  was 
dissolved  the  later  fractions  were  not.  The  first  fraction  had  apparently 
u.se^l  up  all  the  hajmolytic  agent.  Bordet  compares  what  has  occurred 
with  what  may  be  observed  to  take  place  with  filter-paper  and  a weak 
solution  of,  say,  methyl-violet.  In  such  a solution  there  may  l)c  enough 
stain  to  colour  a large  ])iecc  of  filter-paper  a uniform  tint,  but  if  the 
filter-paper  be  not  put  into  the  solution  whole  but  in  successive  jiicces, 
the  pieces  put  in  first  will  be  stained  much  more  deeply  than  tho.se  j)ut 
ill  later,  and  the  last  fragments  may  hardly  be  coloured  at  all.  Bordet 


io8 


SYSTEM  OF  MEDICINE 


interprets  the  experiment  as  shewing  that  there  is  not  a definite  relation- 
ship between  a given  amount  of  red  corpuscles  and  a given  amount  of 
immune  body  and  complement,  but  that  the  corpuscles  can  take  up 
varying  amounts  of  the  substances  according  to  the  amount  they  are 
brought  in  contact  with.  He  looks  upon  the  action  of  the  immune 
body  as  a sensitisation  of  the  cells  to  the  action  of  the  cytolytic  com- 
])lement,  and  hence  gives  the  name  of  sensibilisatrice  to  it.  Bordet  has 
brought  forward  further  experiments  in  support  of  his  view  of  the 
absence  of  specific  molecular  relationships  in  the  htemolytic  reaction.  He 
states  that  the  serum  produced  by  injecting  rabbit  corpuscles  into  the 
guinea-pig  can,  when  inactivated,  be  reactivated  not  only  with  fresh 
gninea-pig  serum,  but  also  with  fresh  rabbit-serum.  If  the  serum  be 
introduced  into  a rabbit,  an  antiserum  which  contains  a small  amount 
of  anti-immune  body  and  a large  amount  of  anticomplement,  can  be 
obtained.  This  anticomplement  can,  in  the  hminolytic  reaction, 
neutralise  the  guinea-pig  complement  but  not  the  rabbit  complement. 
Bordet  deduces  from  this  that  these  two  complements  must  therefore 
differ  from  one  another  in  what  Ehrlich  would  call  their  binding 
affinities.  But  if  this  be  so,  how,  he  asks,  can  there  be  a molecular 
T’elationship  between  this  binding  group  and  the  haptophorous  group  in 
the  immune  body,  seeing  that  when  the  corpuscles  are  treated  with 
immune  body  either  complement  can  gain  admission  to  these  corpuscles 
and  effect  their  solution  1 To  this  deduction  Ehrlich,  Avho  has  repeated 
the  experiment,  replies  by  saying  that  it  would  only  be  cogent  if  there 
were  one  immune  body  present  in  the  immune  serum.  He  brings  forward 
evidence  that  in  the  serum  there  are  really  two  immune  bodies,  and  that 
one  can  be  complemented  by  guinea-pig,  the  other  by  rabbit  complement. 
He  also  replies  to  Bordet’s  criticism  that  different  results  are  obtained 
when  to  the  amount  of  immune  serum  capable  of  dissolving  a given 
amount  of  blood,  the  blood  is  added  in  fractions  instead  of  all  at  once. 
He  repeated  Bordet’s  experiment  with  a slight  variation.  An  immune 
serum  was  obtained  from  a goat  injected  with  dog’s  blood.  This  serum 
could,  when  inactivated,  be  reactivated  either  with  fresh  goat-  or  sheep- 
serum.  The  exact  amount  of  serum  was  determined  which  with  the 
minimum  amount  of  complement  would  hsemolyse  2 c.c.  of  a 5 per  cent 
solution  of  dog’s  corpuscles.  To  each  of  a series  of  tubes  containing  this 
amount  of  the  suspension  of  dog’s  blood  there  was  added  a multiple  of 
the  amount  of  inactivated  immune  serum  necessary  for  simple  solution. 
The  multiples  used  were  IJ,  IJ,  If,  2,  2^,  and  so  on.  The  mixtures 
were  allowed  to  stand  for  an  hour  to  enable  the  corpuscles  to  take  up 
immune  body.  It  is  evident  that  if  the  corpuscles  do  not  take  up  more 
immune  body  than  is  absolutely  necessary  for  their  solution,  then  in  the 
tube  containing  twice  the  simple  dissolving  dose,  there  ought  to  be  a 
dissolving  dose  free.  After  standing,  the  tubes  were  centrifuged  and  the 
decanted  fluid  tested  for  the  presence  of  free  immune  body.  This 
was  done  by  adding  the  test-dose  of  dog’s  corpuscles  along  with  sufficient 
complement.  It  was  found  that  only  in  the  tubes  containing  moie 


THE  GENERAL  PATHOLOGY  OF  INFECTION 


109 


than  twice  the  simple  dissolving  dose  was  there  complete  haemolysis 
of  the  new  blood  added.  This  was  not,  however,  true  of  all  similar  cases 
examined.  Thus  in  the  case  of  an  immune  serum  produced  in  the 
rabbit  by  injecting  goat’s  corpuscles  and  complemented  with  guinea-pig 
serum,  it  was  not  till  a hundred  times  the  simple  dissolving  dose  of  serum 
had  been  added  to  the  test-amount  of  blood  that  evidence  of  one  free 
dose  of  immune  body  was  obtained.  Ehrlich  explains  this  result,  and 
also  that  of  Bordet  with  fractional  amounts  of  blood,  by  supposing  that 
in  the  red  corpuscle,  beside  the  side-chains,  on  whose  integrity  the  holding 
together  of  the  protoplasm  depends,  there  are  others  concerned  in  other 
protoplasmic  functions  which  still  can  fix  immune  body.  It  is  evident 
that  this  interpretation  depends  for  its  validity  on  the  assumption  that 
the  hajmolytic  binding  receptors  have  a greater  affinity  for  immune  body 
than  the  other  receptors  capable  of  binding  the  latter.  Otherwise  there 
could  be  no  detennination  of  the  minimal  dissolving  dose  of  immune  body, 
apart  from  the  maximum  amount  of  immune  body  which  the  cells  could 
take  up  without  any  immune  body  being  left  free  in  the  serum.  With 
regard  to  these  experiments  it  may  be  said  that  on  Ehrlich’s  views  the 
complexity  of  the  substances  involved  is  very  great.  Thus,  further  to 
meet  Bordet’s  criticisms,  he  has,  along  with  Marshall  (106a),  brought 
forward  e\udence  Avhich  he  interprets  as  shewing  that  besides  the 
possibility  of  red  corpuscles  taking  up  more  immune  body  than  is 
necessary  for  simple  solution,  there  is  also  the  possibility  that  one 
immune  body  may  take  up  more  than  one  complement.  The  com- 
plement which  actually  causes  the  haemolysis  he  denominates  the  dominant 
complement,  the  others  being  merel}''  fixed  on  the  immune  body  and 
probably  taking  no  part  in  the  reaction. 

Ehrlich’s  results  regarding  a blood-corpuscle  taking  up  more  immune 
body  than  the  simple  haemolysing  dose,  have  formed  the  starting-point 
for  the  investigations  of  Prof.  Muir  (251)  (alone,  and  also  Avith  his  pupil 
Browning)  on  the  nature  of  haemolytic  action  and  the  properties  of 
immune  body  and  complement.  In  the  course  of  this  Avork  many  neAv 
points  have  been  disclosed,  and  Ehrlich’s  observation  of  the  taking  up 
by  red  corpuscles  of  more  immune  body  than  is  necessary  for  hajmolysis 
has  been  amply  confirmed.  But  here  the  further  important  point  has 
been  established,  viz.  that  if  the  corpuscles  Avhich  have  anchored  the 
immune  body  to  saituration  be  centrifuged,  AA'ashed,  and  brought  into 
contact  Avith  fresh  corpuscles,  the  excess  of  immune  body  dissociates 
and  attaches  itself  to  these  fresh  corpuscles  Avhich  can  noAv  be  haemol}'sed. 
As  this  experiment  illustrates  the  method  of  investigation  it  may  be 
detailed : — 
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Tdbe  a 

Contains — 

1 c.c.  of  5 per  cent  suspension  of  ox 
corpuscles. 

Add— 

Excess  (20  doses)  of  immune  body 
from  rabbit  immune  serum. 

Stand  at  37°  C.  for  1 hour. 

Centrifuge  and  wash  with  salt  solu- 
tion. 

Add— 

1 c.c.  suspension  of  untreated  ox 
corpuscles. 

Centrifuge  to  bring  corpuscles  in 
contact. 

Stand  at  21°  for  1 hour. 

Shake  up  and  add — 

■2  c.c.  (more  than  two  doses)  of 
guinea-pig  complement. 

Stand  at  37°  C.for  1 hour. 

Result — 

Hmmolysis  of  all  corpuscles. 


Tube  B 

Contains — 

The  same  as  A. 

Add — 

The  same  as  A. 

Stand  at  37°  C.  for  1 hour. 
Centrifuge  and  wash  with  salt  solu- 
tion. 


Add — 

1 c.c.  suspension  of  untreated  ox 
corpuscles,  and 

•2  c.c.  guinea-pig  complement. 
Stand  at  37°  C.  for  1 hour. 

Result — 

Added  corpuscles  remain  practically 
intact. 


This  result  has  also  been  obtained  by  Morgenroth  (245).  Prof.  Muir 
further  found  that  when  red  cells  were  saturated  with  immune  body  and 
then  htemolysed  by  a minimum  amount  of  complement,  the  superfluous 
immune  body  was  not  destroyed  but  remained  linked  to  the  remains  of  the 
protoplasm  in  the  fluid.  This  was  shewn  by  the  observation  that  if  fresh 
red  blood-corpuscles  were  placed  in  such  a fluid  ai  0°  C.,  then  separated 
and  washed,  no  trace  of  their  having  taken  up  immune  body  could  be 
obtained.  If  immune  body  had  been  free  in  the  fluid  we  know  from 
Ehrlich’s  fundamental  experiments  {vide  p.  99)  that  the  corpuscles 
would  have  taken  it  up  at  this  temperature.  A\^hen,  however,  the  fluid 
to  which  the  fresh  corpuscles  had  been  added  was  kept  at  37°  C.  for  an 
hour,  the  corpuscles  when  separated  and  washed  were  found  to  have 
taken  up  immune  body.  Prof.  Muir  concludes  that  at  the  higher  tem- 
perature dissociation  of  immune  body  from  its  protoplasmic  combination 
was  effected  just  as  would  happen  with  unhajmolysed  corpuscles.  M^e 
can  only  give  a brief  outline  of  Prof.  Muir’s  further  results.  In  the 
first  place  there  was  evidence  that  for  every  dose  of  immune  body 
attached  to  a red  blood-corpuscle  capable  of  taking  up  more  than  the 
simple  M.H.D.  (minimum  haemolytic  dose),  a dose  of  complement  can  bo 
attaehed  to  the  celhdar  protoplasm.  This  at  any  rate  is  true  for  small 
multiples  of  the  M.H.D.  of  immune  body.  This  fact  of  a definite 
quantitative  relationship  between  immune  body  and  complement  taken 
with  similar  relationships  found  by  Prof.  IMuir  in  practically  all  the  very 
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complicated  i-eactions  he  lias  examined,  makes  him  inclined  to  doubt 
Bordet’s  idea  of  a mere  sensitisation  of  red  corpuscles  by  immune  body. 
A further  fact  was  observed,  viz.  that  Avhen  corpuscles  saturated  with 
immune  body  are  likewise  saturated  with  comialement,  neither  complement 
nor  a combination  of  immune  body  and  complement  can  be  dissociated 
from  the  combination,  but  this  very  significant  point  has  been  brought  out, 
namely,  that  immune  body  can  be  dissociated.  This  is  an  extraordinary 
circumstance,  and  raises  the  most  difficult  question,  whether  the  immune 
body  is  really  a link  between  the  sensitive  cell  and  complement.  The 
question  is  now  all  the  more  difficult  in  consequence  of  the  work  of 
Bordet  already  described,  in  which  that  obsei'ver  shews  that  an  anti- 
immune  body  can  exist  which  is  operative  against  the  complementophil 
group  of  the  immune  body, — this  being  the  most  definite  evidence  yet 
adduced  that  an  immime  body  is  in  reality  a link  between  a cell  and 
a complement.  Further  consideration  and  investigation  is  necessary 
before  a definite  opinion  can  be  expressed. 

Again,  Prof.  ]\luir  has  adduced  evidence  in  support  of  the  view,  that 
affinities  capable  of  fixing  complement  are  widespread  in  the  body,  and  that 
even  stromata  of  blood-corpuscles  possess  this  capacity.  That  in  the  latter 
case  a true  fixation  here  occurs  is  indicated  by  these  facts  : — ( 1 ) That  the 
complement  cannot  be  detached  by  sensitised  red  blood-cells  capable  in  other 
circumstances  of  taking  up  free  complement ; (2)  that  the  complemented 
stromata,  when  heated  to  a temperature  which  destroys  this  cytolytic 
capacity  of  complement,  no  longer  shew  any  capacity  for  taking  up  more 
complement ; (3)  that  no  combination  of  stromata  and  complement 
takes  place  at  0°  C.  If  this  occurrence  of  direct  fixation  of  complement 
by  cells  be  granted,  then  we  might  consider  that  immune  body  may  not 
be  a link  between  the  cell  and  complement,  but  may  cause  a rearrange- 
ment of  the  atomic  constitution  of  the  susceptible  molecules,  so  as  to 
make  complement  more  easily  taken  up.  That  probably  some  intra- 
molecular management  does  occur  in  haemolysis  is  indicated  by  another 
of  Muir  and  Browning’s  results.  It  was  found  that  while  complementoid 
could  not  prevent  haemolysis  of  sensitised  corpuscles  by  complement,  it 
could  combine  with  the  molecular  combinations  of  protoplasm  and  immune 
body,  which  occur  in  the  hoemolysed  fluid  when  the  dissolved  corpuscles 
had  been  previously  saturated  with  immune  body.  The  special  point 
here,  however,  lay  in  this,  that  the  taking  up  of  complementoid  by  the 
protoplasm  + immune  body  combination  could  prevent  this  combination 
Uking  up  complement  which  othenvise  it  could  have  done.  This,  in 
conjunction  with  the  fact  that  though  very  little  complementoid  will  enter 
into  combination  with  sensitised  corpuscles  before  lysis,  a great  deal  will 
enter  after  lysis,  shews  that  a molecular  change,  which  is  })robably  very 
complicated,  occui?  in  the  proccs.s. 

\\  c cannot  enter  further  into  the  numerous  questions  of  detail  which 
these  and  other  researches  raise.  We  may  say,  however,  that  the 
tendency  on  the  part  of  hhrlich  has  been  to  account  for  conqilc.xity  of 
action  by  supjiosing  that  in  many  instances  a great  nunilicr  of  closely 
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allied  bodies  ai’e  involved,  and  that  the  mechanism  controlling  the 
reactions  of  these  substances  is  to  be  found  in  the  inter-relations  of 
ordinary  chemical  affinities ; an  important  point  in  such  a scheme  is,  of 
course,  the  presence  of  affinities  of  different  degrees  of  avidity.  That  a 
multiplicity  of  reacting  bodies  exists  may  be  said  to  have  been  established, 
but  whether  all  the  phenomena  are  to  be  accounted  for  on  Ehrlich’s  scheme, 
may  be  considered  doubtful.  Facts  which  have  emerged  in  the  researches 
of  both  Bordet  and  of  Prof.  Muir  raise  the  possibility  that  the  apparent 
complexity  of  reaction  is  due  to  the  influence  of  chemical  processes  of  an 
order  different  from  those  present  in  reactions  of  an  ordinary  type.  In  fact, 
the  close  analogies  existing  between  many  of  the  reactions  concei'iied  in 
haemolysis  and  the  toxin-antitoxin  reaction  at  once  suggest  the  thought 
that  probably  the  problems  we  have  discussed  with  I'egard  to  the  latter 
will  arise  here  also.  We  have  seen  that  questions  of  reversibility  of 
reaction  and  of  the  possibility  of  phenomena  of  adsorption  being  present 
have  arisen,  and  it  is  extremely  likely  that  ultimately  the  processes  of  the 
neutralisation  of  toxin  by  antitoxin  and  those  of  hiemolysis  will  be  found 
to  be  reactions  of  the  same  order.  It  will  be  noted  that  the  complexity 
of  materials,  alleged  by  Ehrlich  to  be  present  in  hasmolytic  reaction,  finds 
a parallel  in  the  similar  complexity  Avhich  he  asserted  for  the  constitution 
of  the  soluble  bacterial  toxins.  We  have  seen  that  the  application  of 
physico-chemical  methods  to  the  reaction  of  the  latter  has  resulted  in  a 
position  which  is  not  altogether  favourable  to  Ehrlich’s  original  opinion. 
We  feel  that  in  the  future  these  methods  will  be  freely  applied  in  the 
study  of  the  problems  of  haemolysis,  and  we  must  be  prepared  for 
modifications  taking  place  in  opinion  regarding  Ehrlich’s  original  views  as 
to  the  interactions  of  the  substances  concerned. 

While  Ehrlich’s  main  fundamental  observations  have  been  accepted 
by  all  other  workers,  in  respect  to  one  class  of  substances  described  by 
him, — the  anticomplements, — doubt  has  been  cast  on  Ehrlich’s  views. 
Morcschi  (243a)  has  shewn  reason  for  believing  that  there  is  not  the 
formation  of  a specific  anticoniplementary  substance,  but  that  the  anti- 
complementary phenomena  are  due  to  complement  being  merely  deviated 
from  action  with,  say,  an  amboceptor.  When  the  serum  of  one  animal 
species  is  injected  into  an  individual  of  another  species,  the  serum  of  the 
latter  may  develop  the  capacity  of  forming  precipitates  with  the  serum 
of  the  former  (■«.  p.  158,  “ Precipitins  ”).  Thus,  on  injecting  a serum  con- 
taining complement  (to  obtain  an  anticomplementary  serum),  the  con- 
ditions for  such  precipitin -formation  are  present.  That  the  action  is 
not  specific  was  shewn  in  an  experiment  of  Morcschi,  in  Avhich  the  serum 
of  a rabbit  treated  with  egg-albumin  could  remove  the  rabbit  complement 
capable  of  acting  with  rabbit  immune  body  on  ox  corouscles.  Ehrlich  s 
views  on  the  action  of  anticomplementaiy  serums  mus^herefore  probably 
be  revised.  It  appeared  to  Pfeiffer  and  Moreschi  (281)  that  the  actions 
of  anti-immune  bodies  were  due  to  similar  preci])itin  phenomena,  but 
Browning  and  Sachs  (19a)  have  adduced  evidence  that  such  anti-immune 
substances  really  do  exist. 
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Ehrlich’s  View  as  to  the  Mechanism  of  the  Formation  of  Immune 

Body. It  is  important  at  this  stage  that  we  should  consider  Ehrlich’s 

view  of  how  the  constituents  of  a h?emolytic  serum  come  into  being. 
Fii-st  of  all  here  we  must  again  insist  that  the  cytotoxic  factor — the  com- 
plement— is  a normal  constituent  of  an  animal’s  serum,  and  that  the 
immune  body  is  the  specific  factor  which  the  process  of  immunisation 
causes  to  appear  in  the  serum.  AVe  emphasise  this  and  at  the  same 
time  again  put  forward  one  of  the  most  important  points  to  be  kept  in 
mind  in  our  consideration  of  bacterial  immunity,  namely,  that  evidence 
has  still  to  be  sought  for,  there  being  during  immunisation  an  increase 
of  the  amount  of  complement  in  the  serum  beyond  the  limits  which 
may  be  found  in  the  normal  animal.  AVe  have  thus  here  to  do  only 
with  the  question  of  the  formation  of  immune  body.  Ehrlich’s  view 
follows  the  lines  of  his  explanation  of  the  formation  of  antitoxin.  He 
considers  that  when  such  bodies  as  the  red  blood-corpuscles  of  an  animal 
are  placed  in  the  body  of  an  animal  of  another  species  certain  unsaturated 
affinities  in  their  protoplasm  interfere  by  their  presence,  in  a way  which 
he  has  not  explained,  with  the  metabolism  of  the  bodily  cells.  That  such 
an  upset  of  metabolism  does  occur  is  shewn  by  the  fact  that  an  animal 
may  die  after  the  intraperitoneal  injection  of  even  washed  corpuscles  from 
another  animal.  One  factor  in  the  metabolic  upset  caused  by  the  foreign 
blood  is  that  certain  side-chains  of  certain  body  cells  are  saturated  by 
side-chains  derived  from  the  corpuscles  introduced.  The  cells  containing 
them  thus  lose  the  services  of  affinities  which  are  necessary  to  ordinary 
metabolism.  As  a result  there  is  a production  of  new  side-chains,  and  as 
immunisation  progresses  an  over  production  similar  to  that  occurring  in 
antitoxin  formation  takes  place,  and  finally  there  is  the  casting  off  of  the 
side-chains  into  the  serum,  in  which  they  form  the  immune  body.  In 
support  of  such  a view  von  Dungern,(92)  brings  forward  certain  facts. 
Thus,  he  believes  that  the  side-chains  of  the  red  cells  to  which  an  immune 
body  becomes  attached  are  necessary,  as  the  conception  supposes,  for  the 
production  of  that  immune  body.  He  injected  red  blood-corpuscles  satu- 
rated with  inactivated  immune  serum,  and  found  that  in  these  circumstances 
no  immune  serum  was  produced.  Here  the  active  side-chains  of  the  red 
cells  were  saturated  and  thus  could  not  become  attached  to  any  affinities 
existing  in  the  body  of  the  animal  into  which  they  v^ere  injected.  He 
further  interprets  the  capacity  of  the  cells  of  such  organs  as  the  liver, 
spleen,  kidneys,  lung,  and  brain  to  take  up  complement  from  a serum  as 
evidence  that  there  are  in  these  cells  affinities  corresj)onding  to  the 
affinities  of  free  immune  body.  These  arc  the  affinities  belonging  to  the 
molecular  complexes  which  when  overproduced  are  cast  off  and  actually 
Wome  the  immune  body  of  the  immune  serum.  The  cells  of  boilily 
organs  would  thus  be  the  source  of  the  specific  element  in  an  immune 
senim.  As  to  what  cells  are  actually  concerned  in  the  formation  of 
immune  \xx\y  Ehrlich  gives  no  opinion. 

The  Hypotheses  of  Htemolysls  in  relation  to  Bacterial  Immunity. — 
A\e  must  now  pass  to  consider  the  rclationshii)  researches  on 
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hseinolytic  action  to  the  problems  of  immunit}-.  We  have  stated  that  the 
essential  facts  of  the  hsemolytic  action  of  a serum,  namely,  the  necessity 
for  the  co-operation  of  two  substances  present  in  the  serum,  were  first 
discovered  in  relation  to  the  artificial  intraperitoneal  infection  of  animals 
with  the  cholera  vibrio,  and  that  similar  facts  have  been  adduced  with 
regard  to  infections  with  typhoid.  Neisser  and  Wechsberg  (254)  have 
demonstrated  these  fundamental  facts  in  the  cases  of  certain  vibrios  of  the 
cholera  group,  and  Shiga  (311)  has  shewn  for  the  dysentery  bacillus, 
that  inactivated  goat- serum  can  be  activated  by  fresh  human  serum. 
Bordet  and  Gengou  (43)  have  made  similar  observations  -with  regard  to 
the  serums  of  animals  immunised  against  the  organisms  of  plague, 
anthrax,  and  swine  erysipelas,  at  least  in  so  far  that  the  immune  body 
and  complement  are  taken  up.  No  lysis,  however,  occun’ed,  and  they 
have  adduced  no  evidence  that  the  bacteria  were  killed.  There  is  thus 
no  doubt  that  in  immunisation  against  rtvmy  bacteria  (in  our  present  state 
of  knowledge  the  limitation  is  important)  the  capacity  on  the  part  of  an 
animal  for  killing  the  bacteria  is  associated  with  the  appearance  in  the 
serum  of  immune  bodies,  which  render  these  bacteria  susceptible  to  the 
action  of  the  complement  naturally  present  in  the  animal’s  body.  In  the 
meantime  we  simply  take  this  as  true  in  the  form  in  which  we  have 
stated  it.  Whether  in  this  form  the  statement  represents  the  whole 
truth  is  a matter  for  later  discussion.  We  may  further  say  that  we 
consider  it  to  be  unwise  to  generalise,  as  has  been  far  too  commonly  done, 
from  the  particular  cases  examined  to  all  cases  in  which  bacteria  are 
killed  in  the  body.  We  may  take  it,  however,  that  there  is  a general 
identity  between  the  action  of  many  antibacterial  immune  serums  and  the 
action  of  hajmolytic  serums.  The  question  now  arises  whether  the  death 
of  the  bacteria  in  an  immune  serum  is  dependent  on  a series  of  physical 
changes  similar  to  those  concerned  in  haemolysis.  We  do  not  know  what 
the  essential  feature  of  haemolysis  is,  but  evidently  we  must  keep  in  mind 
the  possibility  that  bacteriolysis  is  an  essential  phenomenon  of  bactericidal 
action.  At  any  I’ate  bacteriolysis  may  be  of  that  kind  of  change  which  is 
inconsistent  with  the  continued  life  of  bacterial  protoplasm.  Eesearch 
has  disclosed  the  occurrence  of  actual  bacteriolysis  as  an  accompaniment 
of  bactericidal  action  only  in  immunity  against  the  typhoid  and  cholera 
groups  of  bacteria.  On  the  other  hand,  since  there  is  e^ndence  in  the 
cases  of  the  bacillus  of  anthrax,  the  bacillus  of  swine  erysipelas,  the 
bacillus  of  dysentery,  that  substances  of  the  nature  of  immune  body  and 
complement  are  concerned  in  a bactericidal  action  in  which  bacteriolysis 
cannot  be  said  to  be  present,  it  follows  that  there  is  probably  a community 
of  essential  process  between  bacteriolysis  and  certain  types  of  bactericidal 
action.  This,  however,  in  no  way  justifies  the  assumption  of  necessary 
identity  between  bacteriolytic  and  bactericidal  action  which  is  very 
commonly  made.  In  certain  cases  of  immunity  against  bacteria  it  may 
be  doubtful  whether  a bactericidal  action  ever  exists  in  the  serum. 
In  support  of  this  statement  we  may  allude  to  the  results  obtained  b}'^ 
Sir  A.  E.  Wright  and  Dr.  Windsor  (377)  working  on  the  bactericidal 
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properties  of  human  serums.  Sir  A.  E.  right  (365)  had  j^reviously 
laid  the  Ixisis  for  measuring  by  a new  method  the  bactericidal  power 
of  the  serums,  and,  both  alone  (362)  and  also  in  collaboration  with 
Dr.  Windsor,  applied  this  method  to  human  serums,  and  obtained 
e\'idence  that  increased  capacity  for  killing  bacteria  within  the  body  is 
not  necessarily  correlated  with  increased  bactericidal  potency  of  the 
serum.  In  the  cases  of  typhoid  in  man  and  the  rabbit,  and  of  cholera 
in  the  rabbit,  it  was  shewn  that  after  immunisation  there  was  an 
increase  of  bactericidal  power  in  the  serum.  On  the  other  hand,  in  a 
case  in  which  the  treatment  of  a patient  Avith  dead  cultures  of  Staphylo- 
coccus pyogenes  aureus  had  resulted  in  an  immunisation,  as  shewn  by 
the  disappearance  of  a tendency  to  furunculosis  of  some  years’  standing, 
there  was  no  increase  of  bactericidal  poAver  in  the  serum.  In  ordinary 
unimmunised  men  there  is  usually  present  in  the  serum  a considerable 
bactericidal  capacity  towards  such  bacteria  as  the  B.  typhosus.  No  such 
capacity  existed  AAuth  regard  to  the  Staphylococcus  pijogenes  aureus,  the 
micrococcus  of  Malta  fever,  the  plague  bacillus,  and  probably  the 
Streptococcus  pyogenes  and  the  diphtheria  bacilli.  The  absence  of 
bactericidal  effect  towards  the  staphylococcus  by  animal  serums  had 
preAUOUsly  been  observed  by  Dr.  Nuttall  (260).  These  researches  open 
up  a fresh  field  of  inquiry,  as  they  raise  the  question  whether  immunity 
against  bacterial  infection  may  not  be  due  in  different  cases  to  different 
mechanisms. 

Analogies  hetween  Hcemolysis  and  Bacteriolysis. — AVe  may,  hoAvever, 
say  that  apart  from  actual  bacteriolysis  the  relation  of  the  facts  of 
hiemolysis  are  of  importance  from  the  standpoint  of  immunity  against 
infective  disease.  This  is  the  case  not  only  because  of  the  facility  with 
Avhich  the  processes  can  be  studied  and  of  the  great  exactitude  of  the 
methods  which  are  applicable,  but  also  because  in  the  investigation  of  the 
relations  of  immune  body  and  complement  the  molecular  relationships 
of  the  substances  through  which  protoplasm  acts  are  again,  as  in  the  case 
of  the  toxin-antitoxin  reaction,  brought  to  Anew. 

In  the  cases  in  Avhich  general  resemblance  has  been  established  betAveen 
the  essential  features  of  bacteriolysis  and  hfemolysis  there  are  also  striking 
resemVjlances  in  detail.  Thus  Pfeiffer  and  Friedberger  (277)  have 
arlduced  reason  for  believing  that  as  Avith  red  blood-cells  so  Avith  cholera 
A-ibrios,  the  protoplasm  is  capable  of  taking  up  many  more  amboceptors 
than  are  necessary  for  mere  solution.  If  a lysing  dose  only  of  an  anti- 
cholera serum  be  injected  into  a guinea-pig  together  Avith  a M.L.D.  of  the 
vibrio,  the  ly.sis  of  the  latter  is  followed  by  a development  of  an  immune 
serum  in  the  animal.  On  the  other  hand,  if  an  excess  of  the  immune 
serum  is  in  the  first  instance  administered  no  immune  serum  results. 
The  inteqjretation  given  is  that  in  the  first  case  the  lysis  set  free 
unsaturated  bacterial  receptors  Avhich  stimulated  ambocei)tor-production. 
In  the  second  (xise,  when  lysis  occurred  the  superfluous  receptors  being 
saturated  Avith  amboceptors  could  have  no  such  action.  I’fciffcr  and 
I riedberger  have  further  come  to  the  conclusion  that  the  receptors  of  the 
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cholera  cells  which  can  fix  the  ambocei)tors  of  an  immunised  rabbit  are 
the  same  receptors  which  can  fix  the  amboceptors  of  an  immunised  goat. 
Again,  they  (276)  have  shewn  that  against  the  latter  an  anti-immune 
body  can  be  developed,  and  that  it  is  effective  against  the  cytophilic 
affinity  of  the  amboceptor.  Such  facts  indicate  that  not  only  in  broad 
general  principles,  but  also  in  the  finer  details,  bacteriolytic  action  is 
analogous  to  the  haemolytic,  and  aft'ord  a justification  for  the  labour 
expended  in  the  investigation  of  the  phenomena  of  the  latter. 

Bacteriolysis  in  relation  to  the  Pathogenetic  Effects  of  Bacteria. — 
In  connexion  with  the  relations,  in  certain  cases,  of  bacteriolysis  to  the 
death  of  invading  bacteria  there  arises  a question  which  it  will  be  well  at 
once  to  consider.  This  relates  to  the  efiects  which  a bacteriolysis  may 
have  in  the  liberation  in  the  body  of  the  contents  of  the  dissolved 
bacterial  cells.  The  phenomena  which  here  emerge  constitute  the  basis 
of  a very  complex  problem.  In  every  artificial  culture,  and  possibly  when 
growing  in  the  living  animal  body,  whether  an  immune  serum  be  present 
or  not,  bacteria  are  constantly  dying,  and  their  bodies  are  breaking  up. 
In  the  case  of  fatal  infections  in  the  living  body,  Eadziewsky  has  shewn 
that  difierences  in  staining  reactions  can  be  observed  in  the  bacteria 
present  in  the  tissues.  These  differences  he,  in  all  probability  correctly, 
interprets  as  e\'idences  that  the  cells  are  undergoing  degenerative  changes 
which  end  in  death.  Prof.  Welch  (354)  also,  in  the  case  of  the  pneumo- 
coccus, has  oljserved  in  exudations  that  bacteria  situated  both  without  and 
within  cells  shew  alterations  in  staining  reaction  which  certainly  denote 
degeneration  and  death.  We  have  seen  that  Bordet  is  of  opinion  that 
the  haemolysis  which  can  be  produced  by  exposing  red  cells  to  distilled 
water  differs  from  the  haemolysis  produced  by  an  immune  serum.  We 
have  thus  to  keep  in  mind  the  possileility  that  processes  presenting 
similar  differences  occur  in  the  bacteriolytic  phenomena  of  infection. 
The  mere  recognition  of  this  possibility,  however,  is  not  the  most  im- 
portant consideration  here.  What  we  really  have  to  think  of  is  the 

effect  of  bacteriolysis,  however  it  may  have  been  produced.  The  most 
serious  effect  which  Ctan  occur  is  the  liberation  of  the  intracellular  toxins. 
It  is  only  in  the  light  of  what  occurs  in  immunity  from  infection  that 
the  action  of  these  toxins  can  be  properly  understood.  The  relations 
of  immune  serums  to  the  toxic  substances  present  in  bacterial  cells  have 
been  studied  by  Pfeiffer  and  Wassermann  (281)  in  cholera,  l>y  Pfeiffer 
and  Kolle  (278)  in  typhoid  infection,  and  by  Kolle  (163)  in  the  case  of 
plague.  In  the  case  of  cholera,  amounts  of  a bactericidal  serum,  which 
were  capable  of  killing  the  bacteria  in  from  ten  thousand  to  twenty  thousand 
M.L.D.  of  living  culture,  were  injected  intraperitoncally  along  with  in 
one  case  3^  M.L.D.  of  living  culture,  and  in  another  case  5 M.L.D.  of 
the  same  ; ”in  two  hours  serious  symptoms  of  intoxication  set  in  and  both 
animals  died,  the  one  in  nine  hours,  the  other  in  ten  hours,  lhat  the 
bactericidal  power  of  the  serum  had  not  failed  was  shewn  by  the  fact  that 
in  one  case  no  living  bacteria  were  found  in  the  peritoneal  cavity  after 
death,  and  in  the  other  only  a very  few.  Similar  results  were  obtained 
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with  typhoid  serums;  a thousand  times  the  amount  of  serum  capable  of  pro- 
tecting a guinea-pig  against  infection  with  1 M.L.D.  of  living  bacilli  could 
not  protect  an  animal  against  about  2^  jNI.L.D.  of  a dead  culture.  In 
the  case  of  plague,  Kolle,  from  old  cultures  from  Avhich  the  actual  bacterial 
bodies  had  been  separated  either  by  filtration  or  centrifugalisation, 
obtained  a fluid  which  manifested  toxie  properties.  Repeated  doses  of  this 
fluid  were  injected  into  horses  with  a view  of  immunising  them.  It  was 
found,  however,  that  their  serum  possessed  no  capacity  of  protecting  animals 
against  the  dissolved  intracellular  poisons  used  in  the  attempt  at 
immunisation.  In  connexion  with  this  subject  it  may  be  noted  that  in 
one  e.xperiment  Pfeifi’er  observed  that  the  animals  injected  with  the  dead 
bodies  of  cholera  vibrios  and  immune  serum  died  in  a shorter  time  than 
the  control  animals  which  received  the  dead  bodies  of  the  bacteria  alone. 
These  experiments  fiu’nish  evidence  that  the  immune  serums  of  the  bacteria 
concerned  do  not  possess  antitoxic  properties  towards  the  intracellular 
toxins  to  which  such  a great  part  of  the  pathogenetic  action  of  the  bacteria 
appears  to  be  due.  In  fact  the  last-quoted  observation  of  Pfeiffer  makes 
it  conceivable  that  the  bacteriolytic  action  of  an  immune  serum  may 
actually  increase  pathogenetic  effects,  in  that  the  solution  of  the  bacterial 
protoplasm  may  hasten  the  passage  of  the  intracellular  toxins  into  the 
circulation.  It  thus  appears  possible,  and  even  probable,  that  the  intra- 
cellular toxins  have  no  relation  to  the  development  of  a bactericidal  action 
in  immunity  against  infection,  and  in  this  there  is  a striking  contrast  to 
what  happens  in  the  case  of  the  extracellular  soluble  poisons.  And, 
further,  these  toxins  may  play  very  little,  if  any,  part  in  stimulating 
the  animal  body  to  resist  a natural  attack  of  an  infectious  disease.  This 
helps  us  to  understand  what  really  takes  place  in  the  cases  of  fidminating 
intoxication  as  it  occurs  in  some  infections,  such  as  some  cases  of  scarlet 
fever,  and  some  septicaemias,  Avhere  death  may  occur  in  a few  hours  after 
the  commencement  of  the  illness.  In  such  a case  a rapid  multiplication 
of  the  causal  organism,  followed  by  the  death  of  a great  many  individual 
bacterial  cells,  causes  a liberation  of  intracellular  toxins,  against  the 
action  of  which  the  body  has  no  protective  mechanism.  But,  it  is 
natural  to  ask,  by  what  means  does  the  body  of  an  immunised  animal 
gain  the  capacity  of  producing  a bactericidal  serum  ? We  must  consider 
the  possibility  that  parts  of  the  bacterial  protoplasm  which  are  in  them- 
selves non-toxic,  but  which  are  essential  to  the  continued  life  of  the 
cell,  are  the  agents  by  which  the  bactericidal  action  originates — a con- 
ception which  is  quite  intelligible  on  Ehrlich’s  hypothesis.  The  molecules 
of  the  intracellular  toxins  may  have  no  affinities  for  cells  in  the  animal 
liody,  and  though  they  may  act  after  the  manner  of  the  alkaloidal  poisons, 
they  may  have  little  or  no  eapacity  for  producing  antitoxins.  Other 
molecular  complexes  in  the  bacterial  cell,  and  those  on  whose  integrity  the 
continued  life  of  the  cell  rlepends,  may  have  affinities  for  side-chains  which 
are  nece-S-siiry  to  the  vital  metabolism  of  the  animal  body.  Thus  the  pro- 
duction of  anti-bodie.s — in  this  case  immune  bodies — may  be  stimulated, 
and  bacterioly.sis  or  bactericidal  action  results.  But  so  far  as  an  animal 
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fighting  against  a bacterial  infection  is  concerned,  its  chance  of  survival 
may  depend  on  whether  by  immune  body,  either  naturally  produced  or 
artificially  supplied  to  it  and  sufficiently  complemented,  it  shall  have 
killed  all  the  bacteria  produced  by  natural  bacterial  multiplication  before 
the  sum  total  of  intracellular  toxin  present  in  its  body  has  reached  a 
minimal  lethal  dose.  The  acceptance  of  such  a conception  is,  we  must 
admit,  not  without  its  difficulties.  These  difficulties  chiefly  arise  from 
the  consideration  of  what  occurs  during  immunisation.  We  have  seen 
that  one  of  the  obstacles  to  the  easy  immunisation  of  animals  against 
certain  infections  is  that  while  immune  body  is  readily  produced,  the 
natural  amount  of  complement  is  probably  not  at  all  increased.  But  there 
may  be  a second  obstacle  to  immunisation,  namely,  that  there  is  set  free 
at  each  fresh  injection  of  liacteria  (whether  living  or  dead)  an  amount  of 
intracellular  toxin  against  which  the  body  has  no  protection.  It  cannot  be 
said  that  here  we  have  experimental  data  sufficient  to  warrant  the  expres- 
sion of  an  opinion  on  the  questions  involved.  For  in  many  cases  during 
immunisation  such  large  amounts  of  bacterial  protoplasm  as  compared 
with  the  minimal  lethal  dose  are  employed  that  we  must  hesitate  to  say 
that  no  protection  against  intracellular  toxins  exists,  or  at  any  rate 
that  the  establishment  of  a tolerance  similar  to  what  occurs,  say,  in 
the  case  of  morphine  is  not  possible.  But  we  cannot  exclude  the 
possibility  that  in  certain  cases  antitoxic  substances  may  not  be  developed 
against  intracellular  toxins.  For  instance,  Metchnikoff,  Roux,  and 
Taurelli-Salimbeni  (239),  by  the  injections  of  toxic  filtrates  of  cholera 
cultures,  produced  a serum  capable  of  protecting  an  animal  against  this 
to.xin  which  no  doubt,  as  in  Kolle’s  filtrates  of  plague  cultmes,  contained 
intracellular  toxins.  These  observers  also  found  that  the  serum  j^robably 
owed  its  effect  to  properties  quite  different  from  those  possessed  by  a 
bactericidal  serum  produced  by  injecting  the  bodies  of  the  cholera  vibrio. 
A certain  degree  of  antitoxin  production  is  also  stated  by  Markl  (211)  to 
have  been  observed  by  him  by  the  injection  of  filtered  plague-cultures. 
Such  antitoxin -production  is,  however,  as  we  have  seen,  denied  by 
Kolle  (163).  In  the  case  of  the  typhoid  bacillus.  Dr.  A.  MacFadyen 
(194)  has,  by  employing  the  expressed  juices  of  the  organism,  produced 
a serum  protective  against  the  living  bacilli ; he  attributes  its  action  to 
the  endotoxins  present  in  the  fluid  used  for  immunisation.  So  far  as 
our  present  knowledge  goes,  we  must  admit  the  possibility  that  endo- 
toxins can  give  rise  to  antitoxin  formation.  Such  antitoxins  are, 
however,  probably  formed  by  an  animal  with  very  great  difficulty  and  in 
relatively  small  amount.  The  whole  subject  is  at  present  beset  with 
difficulty. 

Points  relating  to  the  Therapeutic  Use  of  Antibacterial  Serums. — 
We  have  seen  the  analogies  which  exist  between  the  ):iodies  concerned  in 
certain  bacterial  immunisations  and  those  concerned  in  hsemolj'sis.  It  is 
natural  that  we  should,  as  in  the  case  of  antitoxin  development,  inquire  here 
also,  on  the  one  hand,  as  to  the  part  played  in  recovery  from  disease  by 
the  development  of  substances  in  the  serum,  and  on  the  other  as  to  the 
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application  of  immune  serums  in  therapeutics.  Tlie  consideration  of  the 
former  question  is  bound  up  with  one  to  bo  presently  considered,  namely, 
the  manifestations  of  cellular  activity  which  occur  in  disease  j wo  shall 
here  confine  our  attention  to  certain  scientific  points  in  the  therapeutical 
application  of  immune  serums. 

lad-  of  Complement. — The  first  point  here  is  a corollary  to  the 
difficulty  which  arises  from  the  fact  that  no  increase  in  complement  occurs 
during  antibacterial  immunisation.  It  follows  from  this  that  a fresh 
animal  can  b}'  the  injection  of  an  immune  serum  only  be  protected  against 
that  number  of  liAung  bacteria  Avhich  can  be  killed  by  the  combined  action 
of  the  amount  of  complement  it  naturally  contains  plus  the  amount  of 
immune  body  with  which  that  complement  can  combine.  If  we  leave  the 
possible  action  of  intracellular  toxins  out  of  account,  and  consider  only  the 
continued  existence  of  the  bacteria  as  the  source  of  danger  to  an  animal’s 
life,  the  amount  of  complement  in  the  body  is  the  sole  factor  determining 
the  number  of  bacteiia  which  can  be  killed.  Be  there  ever  so  much 
immune  body  introduced  into  an  animal  during  an  infection,  even  though 
that  immune  body  become  attached  to  bacteria  in  the  tissues,  the  natality 
of  the  bacteria  will  be  unaffected  unless  sufficient  complement  be  present 
to  act  on  them  through  the  immune  body  which  they  have  absorbed. 
Wassermann  (364)  has  shewn,  in  the  attempted  protection  of  guineaqjigs 
against  typhoid  infection  by  the  injection  of  an  antityphoid  serum,  that  an 
animal  may  die  even  though  it  has  so  much  free  immune  body  present  in 
its  serum  that  when  that  serum  is  injected,  together  with  typhoid  bacilli 
into  another  animal,  the  second  animal  may  in  this  way  be  protected 
against  a fatal  illness.  The  explanation  is  that  the  complement  available 
in  the  first  animal  had  been  all  used  up  before  the  typhoid  bacilli  Avere 
killed ; the  immune  body  present  in  its  serum,  hoAvever,  Avhen  introduced 
into  the  second  animal  Avas  complemented  by  that  animal’s  serum ; the 
second  animal  was  thus  in  a position  to  utilise  material  which  in  the  body 
of  the  first  animal  Avas  practically  inert  matter.  In  this  connexion  it  is 
important  to  note  that  some  eAudence  has  been  adduced  to  sheAv  that  during 
infection  the  ordinary  complement-producing  function  of  bodily  cells  is 
interfered  with.  Schiitze  and  Scheller  (308)  had  investigated  the  eft’ects 
of  introducing  Avashed  goat-corpuscles  intravenously  into  normal  rabbits 
— the  serum  of  the  latter  animal  having  in  vitro  a natural  hasmolytic 
action  on  the  erythrocytes  of  the  former.  If  within  a quarter  of  an  hour 
the  rabbits  Avere  bled,  a marked  fall  in  the  hremolytic  capacity  of  the' 
separated  senim  Avas  manifest.  This  Avas  sheAvn  to  be  due  to  lack  of 
complement,  but  in  a feAv  hours  the  blood  regained  its  ordinary  luemolytic 
power.  In  an  animal,  hoAvever,  in  Avhich  an  infection  Avith  the  organism 
of  hog-cholera  had  been  practised,  the  recovery  of  complement  after  the 
injection  of  goats’  corpuscles  did  not  take  place.  This  observation  may  be 
compared  Avith  that  of  Ehrlich  and  Morgenroth  (109,  p.  96),  that  in  animals 
poi.soned  Avith  fthosphorus  a di.sappcarance  of  hfcmolytic  comiilement  coidd 
be  observed.  These  observations  are  of  the  highest  importance  if  taken 
in  conjunction  Avith  the  fact  already  recorded,  that  CA'en  in  immunisation 


120 


SYSTEM  OF  MEDICINE 


there  is  not  any  great  increase  of  complement  in  the  serum.  The  using 
up  of  this  body  in  actual  infection  is  thus  very  serious.  In  these  circum- 
stances it  is  natural  that  the  artificial  supply  of  the  substance  should  be 
thought  of.  In  certain  cases  this  can  be  done,  but  the  successful  substi- 
tution of  a foreign  complement  for  that  made  by  the  infected  animal  is 
subject  to  many  limitations. 

The  Neisser-T'Fechsberg  Phenomenon. — In  this  connexion  it  has  been 
found  that  in  cases  in  which  it  is  possible  to  supply  complement  to 
the  infected  animal  it  may  not  be  safe  to  supply  such  complement 
except  in  certain  doses.  This  results  from  the  work  of  Neisser 
and  Wechsberg  (254),  with  which  we  shall  now  deal.  These 
observers  studied  the  effects  of  the  action  on  the  vibrio  Metchnikovi 
of  an  immune  body  derived  from  the  immunisation  of  rabbits  with  that 
bacterium,  the  complement  used  being  derived  from  fresh  rabbit-serum. 
They  found  that  the  immune  body  and  complement,  when  brought  in 
contact  in  certain  quantity  with  a given  amount  of  vibrio  culture,  mani- 
fested a definite  bactericidal  action,  which  resulted  in  the  death  of  all  the 
bacteria  present ; if,  however,  in  similar  mixtures  there  was  placed  a 
greater  amount  of  immune  body,  the  amount  of  culture  and  comple- 
ment being  kept  the  same  as  before,  the  bactericidal  action  was  no 
longer  manifested  and  the  bacteria  did  not  appear  to  suffer.  They 
observed  the  same  phenomenon  in  similar  experiments  with  the  typhoid 
bacillus  and  with  the  Nordhafen  vibrio  (one  of  the  cholera  group).  In 
the  latter  case  the  phenomenon  was  obtained  with  four  different  com- 
plementary serums.  Shiga  (311)  observed  the  same  phenomenon  in  studj’- 
ing  the  bactericidal  capacity  towards  the  dysentery  bacillus  of  immune  body 
from  the  horse  complemented  with  fresh  horse-serum,  and  similar  results  have 
been  obtained  with  the  vibrio  Metchnikovi  by  Lipstein  (184).  Neisser 
and  Wechsberg’s  explanation  of  the  occurrence  is  as  follows : — As  will 
be  remembered,  Ehrlich  shewed  for  hremolytic  serums  that  the  immune 
body  apparently  possesses  a greater  affinity  for  the  susceptible  cells  than 
it  does  for  complement,  in  that  it  will  combine  with  the  cells  at  0°  C.,  at 
which  temperature  it  remains  free  from  any  combination  with  complement. 
Neisser  and  Wechsberg  hold  that  similar  affinity  phenomena  do  not  occur 
in  the  case  of  the  relations  of  bacteria,  immune  body  and  complement. 
A case  is  supposed  where  in  such  a mixture  there  was  excess  of  com- 
plement, that  is,  more  than  sufficient  complement  for  all  the  immune 
body  capable  of  being  taken  up  by  the  bacteria.  If,  as  with  hmmolytic 
serums,  the  affinity  of  immune  body  for  bacteria  were  greater  than  its 
affinity  for  complement,  then  if  with  excess  of  complement  there  was  also 
excess  of  immune  body  the  bactericidal  effect  would  be  the  same.  The 
bacterial  side-chains  would  be  saturated  with  immune  body ; the  weaker 
complement  would  ultimately  attach  itself  to  the  immune  bodj"  and  w^ork 
its  bactericidal  action.  If,  however,  the  affinity  of  immune  body  for 
complement  were  greater  than  its  affinity  for  the  bacterial  protoplasm,  the 
occurrence  of  excess  of  immune  body  would  have  a different  effect.  The 
immune  body  would  become  linked  to  free  complement  and  pass  the 
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bi\cteri:i  b\-;  many  side -chains  of  the  bacterial  cells  might  thus  be 
unsaturated,  and  the  bacteria  might  escape  from  the  action  of  the 
complement  and  continue  to  live.  This  is  an  extremely  hypothetical 
explanation  of  the  phenomenon,  and  rests  on  the  assumption  that  the 
immune  bodj*  acts  as  a link  betiveen  the  susceptible  cell  and  the  com- 
plement— a possibility  regarding  Avhich,  as  will  have  been  seen,  we  prefer 
to  keep  an  open  mind.  The  question  might  be  asked  why  a small 
amount  of  the  powerful  combination  of  immune  body  plus  complement  is 
more  likely  to  attach  itself  to  the  weak  affinity  in  the  bacterial  protoplasm 
than  a large  amount  of  the  same  combination?  We  prefer  to  accept 
no  explanation  of  the  Neisser-Wechsberg  phenomenon,  but  merely  to 
note  that  in  the  case  of  certain  immune  serums  an  excess  of  immune  body 
appears  when  complemented  to  produce  less  bactericidal  effect  than  a 
lesser  amount  of  the  same  body.  It  may  be  stated  that  Gay  (133«)  has 
suggested  an  explanation  of  the  facts  similar  to  that  given  by  Moreschi 
for  the  anti-complementary  reaction. 

Complexitij  of  Antibacterial  Senms. — We  now  pass  to  consider  what  con- 
stitutes the  most  serious  limitation  to  the  artificial  supply  of  complement 
to  an  infected  animal.  This  results  from  the  probability  that,  as  we  have 
seen,  immune  serums  are  of  a very  complicated  constitution,  so  that  even  in 
a single  serum  there  may  be  several  immune  bodies  and  several  complements 
acting.  An  illustration  of  how  the  views  regarding  this  complexity  are 
applicable  to  bactericidal  serums  may  be  gathered  from  the  work  of  AVechs- 
berg  (349).  This  observer  found  that  pigeons  could  not  be  protected  against 
the  effects  of  inoculation  with  the  vibrio  Metchnikovi  by  injecting  inactivated 
immune  serum  from  the  rabbit.  The  reason  was  that  there  was  no  com- 
plement in  the  pigeon  to  make  this  immune  body  available.  This  was  de- 
duced from  the  observation  that  while  inactivated  rabbitimmune  serum  could 
be  activated  by  normal  rabbit  complement,  pigeon  serum  neither  had  any 
natural  bactericidal  action  nor  could  it  activate  inactivated  rabbit  serum. 
The  pigeon  could,  however,  be  protected  from  fatal  infection  by  adminis- 
tering inactive  rabbit  serum  along  with  normal  rabbit  complement.  If 
the  pigeon  were  itself  immunised  against  the  vibrio,  then  it  yielded  a 
seram  which  was  protective  in  vivo  and  also  bactericidal  in  vitro.  Even 
this  serum,  however,  could  not  complement  inactive  rabbit  serum,  from 
which  Wechsberg  deduces  that  the  complementophil  groujD  of  the  pigeon 
immune  body  was  not  identical  with  the  corresponding  group  of  the 
rabbit  immune  body.  A curious  observation  was  that  if  very  large  doses 
of  the  rabbit  immune  body  were  injected  into  the  pigeon  the  animal 
did  not  die.  Wech.sberg’s  interpretation  of  this  is  that  there  may 
have  been  two  immune  bodies  in  the  rabbit’s  scrum,  one  of  which — 
present  in  large  quantity — did  not  find  a sufficient  complement  in  the 
pigeon’s  bwly  ; the  other — present  in  very  small  amount — finding,  how- 
ever, an  adequate  complement.  This  e.xample  illustrates  very  well  the 
exceedingly  difficult  problems  which  have  to  bo  faced  in  attempting  to 
utilise  for  therapeutic  purposes  the  knowledge  acquired  regarding  bacteri- 
ciflal  .serums.  ith  regard  to  the  artificial  sup])ly  of  complement,  it  will  be 
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recognised  that  no  principle  can  be  laid  down  which  might  form  a guide 
in  selection,  and  that  at  present  the  search  can  be  only  a process  of 
groping  in  the  dark,  in  which  the  trial  in  any  given  case  of  all  the 
available  serums  in  all  possible  combinations  is  the  only  hopeful  measure. 
It  has  been  suggested  that,  for  any  particular  animal  species,  complements 
might  be  found  in  the  serums  of  allied  animals,  but  as  yet  this  suggestion 
has  produced  little  result.  Ehrlich  and  Morgenroth  have  also  suggested 
that  in  order  to  provide  serums  containing  a number  of  immune  bodies, 
some  one  of  which  might  be  capable  of  being  complemented  by  an  infected 
animal’s  serum,  a mixture  of  serums  from  several  different  species,  all 
immunised  against  the  infected  agent,  might  be  useful.  Such  serums  might 
be  included  among  the  polyvalent  serums,  of  which  we  shall  speak  later. 

There  are  yet  other  limitations  to  the  artificial  supply  of  complement 
to  which  allusion  must  be  made.  In  the  first  place,  immune  serums  rapidly 
lose  their  complements  on  standing,  so  that  in  a few  days  there  is  very 
little  of  this  substance  left.  In  the  second  place,  we  have  seen  that  when 
foreign  complement  is  injected  into  an  animal  its  serum  manifests  anti- 
complementary properties.  If  (as,  however,  there  is  reason  for  doubting) 
such  anti-complement  is  of  the  same  nature  as  the  other  anti-bodies,  its 
formation  will,  according  to  Ehrlich,  proceed  along  the  usual  lines  result- 
ing in  the  casting  off  of  superfluous  side-chains  into  the  plasma.  The 
development  of  these  anti-complementary  properties  may  result  in  the 
neutralisation  of  any  foreign  complement  still  remaining  or  subsequently 
introduced.  Even  if  such  a process  do  not  occur,  the  fixation  of  com- 
plement in  bodily  cells  may,  it  is  evident,  prevent  foreign  complement 
being  utilised  for  the  purpose  for  which  it  was  introduced  into  the 
infected  animal.  It  has  actuall}^  been  shewn  by  v.  Dungern  (92)  and 
others  that  bodily  cells  can  take  up  complement,  so  that  these  remarks 
have  not  merely  a theoretical  interest,  and  the  difficulty  of  the  situation 
is  thereby  increased. 

Some  attempts  have  been  made  to  stimulate  the  production  of  com- 
plement in  the  body.  Issaeflf  (148)  had  early  in  the  investigation  of 
artificial  immunity  adduced  evidence  to  shew  that  the  resistance  of 
animals  to  cholera  could  be  slightly  raised  by  the  injection  of  salt 
solution,  albumin,  urine,  nuclein,  etc.,  and  Dr.  Bulloch  (57)  and  others 
have  shewn  that  complement  can  be  increased  by  the  injection  of  a 
vegetable  casein  (aleurone).  Such  attempts  are  well  worthy  of  further 
attention. 

Our  general  conclusion  here  must  be  that  in  the  case  where  immune 
body  is  introduced  in  order  to  assist  an  animal  in  its  fight  against 
bacterial  invasion,  such  immune  bod)^  is  best  made  available  when 
the  animal  itself  can  supply  an  adequate  complement.  At  present  the 
problem  of  the  artificial  supply  of  complement  cannot  be  said  to  have 
been  solved.  It  is  not  surprising,  therefore,  that  the  knowledge  gained 
regarding  bactericidal  action  still  awaits  its  practical  application  in 
disease. 

The  Constitution  of  Normal  Baeterieidal  Serums. — Just  as  in  normal 


THE  GENERAL  PATHOLOGY  OF  INFECTION 


123 


serums  haemolytic  elements  occur,  so  many  of  these  serums  normally  possess 
bactericidal  properties.  As  we  shall  see  presently,  the  substances  respon- 
sible for  such  properties  were  called  by  Buchner  alexins.  A very  striking 
property  of  these  substances,  which  was  first  observed  by  Dr.  Niittall  {v. 
p.  129),  was  their  thermolability.  In  all  probability  this  bactericidal 
action  falls  into  line  with  the  facts  known  regarding  haemolytic  serums  and 
immune  bactericidal  serums.  In  speaking  of  naturally  haemolytic  serums, 
we  have  seen  that  the  haemolytic  property  is  here  also  lost  on  the  application 
of  heat  at  a temperature  such  as  destroys  bactericidal  alexins.  AVe  have 
also  seen  evidence  for  believing  that  natural  haemolytic  action  is  due  to 
the  presence  of  a thermostable  zvnschenkdrper,  in  virtue  of  which  the 
thermolabile  alexin  or  complement  acts.  It  is  natural  that  we  should  ask 
whether  similar  facts  hold  good  of  the  normally  bactericidal  serums.  There 
is  little  doubt  that  thermostable  substances  concerned  in  bactericidal 
action  do  occur.  Thus  AA^echsberg  (349)  found  evidence  that  the  addition 
of  heated  normal  rabbit-serum  increased  the  bactericidal  action  of  guinea- 
pig  blood  towards  typhoid  bacilli.  Malvoz  (203)  has  adduced  experiments 
to  shew  that  the  normal  serum  of  the  dog  contains  a thermostable  sub- 
stance, which  along  ■with  the  thermolabile  seriuns  of  the  rabbit,  the  rat,  and 
the  guinea-pig  is  taken  up  by  anthrax  bacilli.  This  has  been  confiimed 
for  rabbit  blood  by  Bail  (12)  by  bactericidal  experiments.  These  results 
suggest  that  zitnschenkorper,  analogous  to  natural  hiemolytic  zwischenkorper, 
do  occur.  So  far  as  we  are  aware,  no  attempts  have  been  made  to  obtain 
a bactericidal  serum  free  from  the  thermostable  body,  in  such  a manner  as 
has  been  done  with  hsemolytic  serums  when  the  zwisclienkdrper  have  been 
removed  by  keeping  sensitive  cells  in  contact  with  the  active  serum  at  0°  C. 
It  is  highly  likely,  however,  although  the  subject  requires  further 
investigation,  that  the  bactericidal  properties  of  serums  are  due  to 
the  presence  of  thermostable  and  thermolabile  bodies  analogous  to  the 
substances  concerned  in  hsemolytic  action.  It  is  probable  that  light 
would  be  thrown  on  the  numerous  apparently  contradictorj’^  properties  of 
bactericidal  serums  by  further  investigation  of  these  constituents,  and  it  is 
here  that  the  minute  researches  which  have  been  pursued  regarding  the 
constituents  and  interactions  of  hsemolytic  serums  msi}'^  be  useful.  Thus, 
AVassermann  (343)  observed  that  in  the  typhoid  infection  of  the  guinea- 
pig  the  beneficial  effects  of  goat  immune  serum  were  limited  bj'  the 
deficiency  of  complement.  This  deficiency  could  be  overcome  by  the 
injection  of  normal  ox-serum. 

AVhile  Ehrlich  has  expanded  hisside-chain  hypothesis  of  toxin-formation 
to  cover  the  ca.se  of  the  development  of  immune  body,  and  while  there  is 
some  e\'idence  in  support  of  his  view,  it  is  evident  that  we  are  here 
dealing  -with  a much  more  complex  phenomenon.  AVe  have  not,  as  in 
immuni.sation  against  a soluble  toxin,  to  do  with  a fluid  which  may  find 
its  way  to  any  part  of  the  body  and  pass  freely  into  the  bodily  colls.  AVo 
have  to  deal  with  solid  boflies,  be  they  bacterial  or  animal  cells,  and  it  is 
the  union  of  side-chains  in  these  foreign  cells  with  side-chains  in  the  cells  of 
the  animal  being  immiini.sed  to  which  we  have  to  look  for  the  jiroduction 
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of  immune  body.  Two  possibilities  to  explain  how  this  comes  about 
might  be  advanced.  In  the  first  place,  it  might  be  necessary  for  the 
foreign  cells  to  be  taken  up  by  the  body-cells  in  order  that  the  necessary 
molecular  union  might  occur ; or,  secondly,  the  side-chains  of  the  foreign 
protoplasm  might  be  dissolved  out  into  the  fluids  of  the  host,  and  thus 
act  as  if  they  were  soluble  toxins,  though  of  course  they  need  not  be 
themselves  toxic.  A third  possibility,  suggested  by  the  results  of  Muir 
and  of  Morgenroth,  might  be  considered.  It  is  possible  that  the  mere 
contact  of  the  foreign  cells  introduced  with  the  cells  of  the  body  might 
result  in  a transference  of  molecules  from  the  one  to  the  other.  We  shall 
presently  consider  the  taking  up  of  foreign  cells  by  bodily  cells,  and  the 
possible  part  played  by  such  an  ingestion  in  relation  to  immunisation  ; but 
we  may  say  here  that  apart  from  the  facts  brought  forward  by  von 
Dungern  as  to  the  impossibility  of  obtaining  an  immune  serum  by  means 
of  cells  saturated  with  immune  body,  we  are  still  in  want  of  evidence 
bearing  on  the  mechanism  of  the  genesis  of  immune  bodies,  and  we  have 
no  conception  of  how  the  serum  comes  to  possess  complementary 
bodies. 


The  Phenomenon  of  Phagocytosis 

In  discussing  the  previous  theses  we  have  recognised  two  of  the 
striking  facts  regarding  the  development  of  immunity  against  bacterial 
disease,  namely,  the  appearance  in  the  serum  of  immune  animals  of  anti- 
toxic substances  and  of  bactericidal  substances.  We  have  looked  on 
the  occurrences  simjily  as  facts  regarding  serums.  We  have  only  looked 
partially  at  evidence  for  the  origin  of  the  special  substances  occui’ring  in 
the  serum,  and  we  have  not  inquired  how  far  the  properties  of  the 
serum  represent  the  properties  of  the  plasma  of  the  circulatory  blood. 
There  are  thus  many  questions  regarding  immunity  still  open.  The 
chief  of  these  will  emerge  in  the  discussion  of  our  third  thesis,  which  is  as 
follows  : PFJien  bacteria  gam  an  entrance  to  the  body  they  are  frequently  taken 
up  in  a living  condition  by  cells  and  there  is  evidence  that  tlmj  are  there 
destroyed;  such  an  occurrence  is  denominated  phagocytosis.  There  is  very 
strong  evidence  that  in  an  animal  recovering  from  disease,  and  in  an  immune 
animal,  the  capacities  of  phagocytic  cells  are  especially  great. 

We  are  now  brought  in  contact  with  the  hypothesis  associated  wth  the 
name  of  Metchnikoff.  This  hypothesis  in  its  earliest  form,  and  even  in  its 
more  recent  developments,  covered  the  whole  field  of  immunity.  In  its 
original  form  its  author  (236)  looked  on  the  taking  up  of  the  invading 
bacteria  by  the  leucocytes  of  the  lilood,  and  by  cells  deriA'ed  especially 
from  various  endothelia,  as  the  essence  both  of  recoA^ery  from  disease 
and  of  artificial  immunity.  This  view  was  conceived  before  the  true 
pathology  of  bacterial  action,  especially  Avhere  that  action  depends  on 
the  elaboration  of  toxins,  was  understood,  and  before,  the  antitoxic 
and  bactericidal  properties  of  the  serums  of  immune  animals  had  been 
recognised.  As  investigation  revealed  new  aspects  of  the  infective 
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processes,  Metchnikoff  (237)  recognised  the  necessity  for  modifying 
and  elaborating  the  hypothesis  to  suit  the  progress  of  knowledge, 
with  the  result  that  a very  barren  controversy  has  raged  between  its 
upholders,  who  would  strain  the  phagocytic  capacity  of  cells  to  meet 
every  phenomenon  of  immunisation,  and  its  opponents,  who,  without 
being  able  to  substitute  the  activity  of  any  other  group  of  cells  in 
immunisiition  for  that  of  the  phagocytes,  have  yet  denied  to  these  cells 
the  function  assigned  them  by  Metchnikoff,  or  at  any  rate  have  without 
reason  ignored  the  possibility  of  their  exercising  such  functions ; in  the 
follotving  remarks  we  must  attempt  to  hold  an  even  balance  between 
the  opposing  schools.  The  chief  modification  which  has  taken  place 
in  Metchnikoft’’s  opinion  is  that  he  recognises  the  complexity  of  the 
processes  at  work,  especially  in  bactericidal  action,  and  inclines  to  the 
view  that,  while  actual  phagocytosis  is  necessary  for  bactericidal  action 
in  some  of  its  phenomena,  other  phenomena  are  to  be  explained  by 
phagocytic  cells  producing,  in  the  serum,  substances  necessary  for  the 
death  of  bacteria.  We  shall  go  into  this  matter  in  detail  later. 

Metchnikoff’s  views  on  the  part  played  by  phagocytosis  in  the  local 
reaction,  which  may  occur  in  a bacterial  invasion,  and  whose  phenomena 
are  of  the  nature  of  an  inflammation,  have  been  gone  into  at  length 
in  the  article  on  that  subject  (see  “Inflammation,”  vol  i.  p.  741).  The 
actual  cells  which  in  the  body  may  be  attracted  to  bacteria,  and  which 
may  perform  phagocytic  functions,  have  there  been  fully  described. 
We  will  therefore  confine  our  remai'ks  to  the  statement  that  the 
phagocytes  are  divided  by  Metchnikoff  into  two  groups,  the  microphages 
and  the  macrophages.  Of  the  microphages  the  chief  example  is  found  in  the 
polymorphonuclear  leucocytes  of  the  blood.  As  types  of  the  macrophages 
we  may  take  the  large  mononuclear  hyaline  cells  of  the  blood  and  the 
granular  mononuclear  cells  common  in.  serous  exudations,  the  varieties  of 
which  have  been  described  by  different  authors  under  various  names. 
The  relations  of  these  cells  to  each  other,  to  the  hyaline  cells  of  the 
blood,  and  to  certain  cells  occurring  in  the  splenic  pulp  cannot  be  said  to 
be  as  yet  made  clear.  Further,  it  is  not  known  what  relationship,  if 
any,  they  bear  to  the  cells  lining  the  lymph-sinuses  of  lymphatic  glands 
and  the  sinu.ses  of  the  splenic  pulp.  To  these  cells,  under  the  name 
of  fixed  phagocytes,  Metchnikoff'  attributes  functions  allied  to  those  of 
cells  which  move  freely  in  blood-vessels  or  lymph-spaces.  To  understand 
the  relationships  of  phagocytosis  to  immunity,  we  must  clearly  recognise 
the  relations  of  the  processes  included  under  the  term  inflammation  to 
bficterial  infection  generally.  In  speaking  of  the  pathological  effects  of 
iMcterial  action,  we  pointed  out  that  these  are  to  l)o  classified  as  partly 
the  expimsion  of  injury  to  the  tissues,  and  pai'tly  as  the  expression  of  a 
vital  reaction  of  the  tissues  against  the  bacterial  invasion.  Any  parti- 
cular ca.se  of  inflammation  is  a complex  of  such  phenomena  manifested 
in  a particular  locality  in  the  body.  Br.t  the  j)rocess  called  inllaninia- 
tion  is  only  a particular  example  of  what  follows  bactci'ial  invasion. 
There  may  he  injury  with  hardly  any  reaction,  as  in  many  raiiidly 
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fatal  cases  of  infection  j there  may  be  reaction  with  only  a small 
amount  of  injury,  as  happens  in  immunisation  procedures.  The 
prominent  feature  of  inflammations  and  of  reactions  without  much  in- 
jury is  the  activity  of  the ' group  of  bodily  cells  termed  phagocytes  by 
MetchnikofF,  but  which  we  should  prefer  to  call  the  reactive  cells — thus 
avoiding  undue  emphasis  on  one  of  their  functions.  Whether  or 
not  the  degenerative  changes  characterising  what  is  called  inflamma- 
tion occur  in  any  case,  we  now  proceed  to  study  the  cellular  reaction 
in  its  general  relationships  as  being  a phenomenon  of  very  great 
frequency  when  the  body  suffers  a bacterial  invasion.  In  a local 
inflammatory  reaction  the  result  of  the  efforts  of  reactive  cells  may  be, 
and  very  often  is,  the  death  of  the  invading  bacteria.  The  occurrence  of 
local  inflammation  is  often  an  incident  in  the  process  of  immunisation, 
especially  in  antibacterial  immunisation,  such  as  immunisation  against 
the  Streptococcus  pyogenes  ■,  in  these  inflammations  actual  phagocytosis, 
or  the  taking  up  of  bacteria  by  cells,  is  a frequent  occurrence.  In  the 
resultant  immunisation,  however,  there  is  some  change  wrought  in  the 
body  generally.  Every  phagocyte  in  the  body  and  every  drop  of  the 
animal’s  serum  may  become  possessed  of  new  properties.  The  injection 
into  any  part  of  the  body  of,  say,  one  M.L.D.  of  the  bacteria  against 
which  the  animal  is  immune  may  now  be  followed  by  none  of  the 
former  inconveniences.  It  is  the  source  of  this  generalisation  of  effect 
that  we  have  to  think  of  in  considering  the  relationship  of  phagocytosis 
to  immunity. 

In  studying  the  problems  of  immunity  from  the  standpoint  of  the 
phagocytic  hypothesis  we  shall  find  that  a consideration  of  the  phenomena 
of  recovery  from  disease  plays  a large  part.  When  an  animal  is  the 
subject  of  infection  by  living  bacteria  and  recovers,  by  what  means  has 
the  death  of  the  bacteria  been  brought  about  ? According  to  Metchni- 
koff’s  view,  it  is  entirely  in  virtue  of  the  phagocytic  capacities  of  certain 
cells.  The  bacteria  are  taken  up  into  the  cellular  protoplasm  and  are  there 
killed.  If  a sublethal  dose  of  bacteria  be  administered  the  phagocytes 
soon  take  up  all  the  organisms ; if  a lethal  dose  be  present  then  either 
the  phagocytic  reaction  is  insufflcient  or  the  phagocytes  are  absolutely 
repelled.  There  can  be  no  doubt  that  phagocytosis  is  a very  common 
occurrence,  and  also  that  the  movement  of  amoeboid  cells  towards 
bacteria  and  the  gradual  incorporation  of  the  latter  can  be  observed 
microscopicall3^  The  questions  which  have  been  raised  are,  whether 
phagocytosis  is  or  is  not  universal  in  recovery  from  infection,  and 
whether  an  extracellular  destruction  of  bacteria  does  not  also  take  place. 

The  Taking  up  of  Living  Bacteria  by  Phagocytes. — With  regard 
to  the  first  question  there  arises  another,  namely,  as  to  whether,  suppos- 
ing that  in  all  bacterial  infections  phagocj'^tosis  does  occur,  the  bacteria 
present  are  all  taken  up  into  cellular  protoplasm.  A\ith  regard  to  the 
first  of  these  questions,  there  is  little  doubt  that  in  bacterial  infec- 
tions phagocytosis  is  practically  universal.  It  can  be  observed  with 
the  septicremic  streptococci  and  staphylococci,  with  the  pneumococcus. 
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the  gonococcus,  the  Micrococcus  melitensis,  the  Bacillus  anihracis,  the 
tubercle  bacillus,  the  leprosy  bacillus,  the  Bacillus  pestis,  in  fact  in  all  the 
biicteria  associated  with  ordinary  human  infections.  Further,  though  the 
question  has  not  been  investigated  in  all  cases  of  phagocytosis,  evidence 
has  been  found,  in  cases  where  it  has  been  sought  for,  that  the  organisms 
are  taken  up  in  a living  condition.  Thus  Metchnikofl"  (237,  p.  151) 
observed  in  an  infection  of  the  frog  with  a motile  organism  like  the  B. 
fyocyaneus  that  when  the  bacteria  Avere  taken  up  by  the  leucocytes  they 
could  be  seen  for  a time  executing  active  movements  within  the  cellular 
vacuoles  in  which  they  Avere  contained.  Further,  if  such  cells  which  had 
recently  taken  up  bacteria  Avere  removed  from  the  animal’s  body  and 
kept  at  a temperature  at  which  they  would  die,  active  proliferation  of 
the  bacteria  took  place.  Again,  MetchnikofF  (227)  has  pointed  out  that 
liA-ing  bacteria  do  not  stain  Avith  an  old  aqueous  solution  of  vesuvin 
(bismarck  - brown)  Avhile  dead  bacteria  are  stained.  Now  in  cells 
containing  bacteria  some  of  the  latter  do  not  stain,  while  the  greater 
number  do.  The  fate  of  the  bacilli  AA'hen  they  have  been  taken  up  is, 
according  to  MetchnikofF,  that  they  are  killed  and  digested.  The 
death  of  the  bacteria  may  be  delayed  for  a considerable  time. 
Thus,  Mesnil  (224)  found  eAudence  that  living  and  virident  bacteria 
were  present  in  the  cells  of  the  frog’s  lymph-sac  several  days  after 
injection,  and  further  that  the  virulence  of  the  bacilli  did  not  appear 
to  have  been  affected  by  their  sojourn  in  the  phagocytic  cells.  The 
bacteria  on  being  taken  up  by  the  cells  are  frequently  observed  to  be 
lodged  in  A^acuoles  in  the  cellular  protoplasm.  That  the  fluid  contents 
of  these  vacuoles  manifest  an  acid  reaction  when  the  cell  is  treated  AAuth 
a 1 per  cent  solution  of  neutral  red,  is  taken  as  CAudence  that  they 
contain  a free  acid,  and  thus  resemble  the  contents  of  the  digestive 
vacuoles  of  many  protozoa.  The  further  fact  that  Avhereas  the  stain 
named  has  no  colouring  effect  on  living  bacteria,  but  gives  the  acid 
tint  to  bacteria  taken  up  into  phagocytes,  indicates,  according  to 
Metchnikoff  (237,  pp.  89,  192),  that  the  bacteria  are  imbibing  the 
acid,  and  are  probably  being  prepared  for  the  digestive  action  of 
the  intracellular  ferments  or  cytases,  of  Avhich  Ave  must  speak  more 
in  detail  later. 

Phagocytosis  in  relation  to  Recovery. — Metchnikoff’s  vieAv  of  the 
course  of  events  Avhich  occurs  in  recovery  from  disease  may  best  be 
illustrated  from  his  Avork  on  the  inoculation  of  pigeons  Avith  the  bacillus 
of  anthrax  (229).  The  pigeon  sheAvs  considerable  resistance  to  this 
organism,  so  that  if  a series  of  individuals  be  inoculated  Avith 
an  ordinary  culture  only  about  half  die.  Opportunity  is  thus 
afforded  of  comparing  the  course  of  a fatal  Avith  that  of  a non-fatal 
illne.ss.  Within  four  hours  of  the  .subcutaneous  injection  of  the  bacilli 
local  inflammatory  appcjirances  Avith  leucocytes  occur,  and  the  taking 
up  of  the  bacteria  by  both  the  micropliayes  and  macrophayes.  When  a 
non-fatal  event  is  to  occur  it  is  observed,  in  from  tAveiity-four  to  forty- 
eight  hours,  that  very  few  bacilli  remain  free  j Avhilc  in  cases  Avhich  Avill 
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end  in  death  the  number  of  bacilli  incorporated  is  markedly  less— the 
majority  being  fiee.  dhe  bacilli  within  the  phagocytes,  whilst  maintain- 
ing their  form,  shew  signs  of  degeneration,  such  as  are  indicated  by 
alterations  in  the  appearance  of  the  protoplasm  and  in  staining  reaction. 
Where  much  phagocytosis  has  occurred  the  free  bacilli  may  shew  similar 
degenerative  appearances,  Avhich  are  attributed  to  the  liberation  of  the 
organisms  either  in  the  living  body  or  in  the  course  of  the  microscopic 
technique  by  the  breaking  up  of  the  cellular  protoplasm.  Some  of  the 
apparently  normal  bacilli  present  in  the  exudations  of  animals  destined 
to  recover  may  be  looked  upon  as  having  died  from  causes  similar  to 
those  which  account  for  the  death  of  many  individuals  in  any  ordinarv 
artificial  cultiu-e.  In  any  case  the  criterion  by  which  the  probable  issue 
is  to  be  judged  is,  Avhether  the  majority  of  the  bacilli  is  or  is  not  in- 
corporated by  phagocytes.  When  the  phagocytes  take  up  the  effective 
majority  of  the  microbes  the  latter  gradually  die  and  are  digested,  the 
irritative  local  phenomena  sul)sido,  and  the  animal  returns  to  the  normal. 
With  regard  to  the  active  phagocytes,  many  may  return  to  the  blood- 
stream through  the  lymph,  but  in  the  case  of  many  of  the  mierophages 
they  are  often  in  turn  taken  up  by  macrophages  and  terminate  their 
existence  in  a manner  analogous  to  what  occurs  in  the  case  of  many 
efi’ete  leucocytes  in  the  spleens  of  normal  animals.  In  a non- fatal 
illness  the  bacteria  are  almost,  if  not  entirely,  confined  tp  the  point  of 
inoculation.  When  a fatal  illness,  on  the  other  hand,  is  imminent  a more 
general  distribution  of  the  bacilli  is  observed,  but,  according  to  Metchni- 
koff,  phagocytic  activity  in  different  parts  of  the  body  may  still  be 
manifested.  Thus,  he  observed,  in  the  anthrax  of  pigeons,  bacilli  taken 
up  in  the  liver  by  Kupffer’s  cells,  by  the  endothelium  of  the  hepatic 
vessels,  and  by  the  cells  of  the  splenic  pulp.  In  generalised  infections 
the  occurrence  of  free  bacteria  is  a marked  feature.  This  outline  of 
what  may  be  seen  in  anthrax  in  the  pigeon  may  be  taken  as  Metchnikoff’s 
views  as  to  what  occurs  in  fatal  and  non-fatal  infections,  and  of  the  part 
he  assigns  to  the  phagocytic  activity  of  cells  in  infective  processes. 

Phagocytosis  in  relation  to  Immunity. — If  we  turn  to  what  occurs 
in  the  infection  of  animals  artificially  immunised,  we  find  that  here  also 
Metchnikoff  considers  that  the  main  factor  is  the  activity  of  the  leucocytes. 
Thus,  he  compares  the  course  of  events  in  an  infection  of  the  anterior 
chamber  of  the  eye  with  the  vibrio  MetchniJcovi  in  an  immunised  guinea- 
pig  with  what  occurs  in  an  ordinary  animal.  In  both  there  is  at  first  a 
general  ophthalmic  inflammation  with  opacity  of  the  cornea.  At  the 
end  of  four  hours  in  the  unimmunised  animal  the  fluid  in  the  anterior 
chamber  contains  many  vibrios  and  almost  no  leucocytes.  Active  multi- 
plication of  bacteria  goes  on,  the  body  generally  is  invaded,  and  death 
results.  In  the  immunised  animal,  on  the  other  hand,  many  leucocytes 
are  present  which  already  contain  bacteria  in  their  j^rotoplasm.  This 
phagocytosis  goes  on,  and  though  there  is  evidence  that  the  bacteria  are 
taken  up  in  a living  condition  they  ultimately  perish. 

IMetchnikoff’s  work  on  phagocytosis  led  him  to  formulate  a hypo- 
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thesis  to  explain  all  the  phenomena  of  recovery  from  disease  and  of 
immunity.  This  was  to  the  effect  that  when  bacteria  gained  an  entrance 
into  the  body  the  j>hagocytic  cells  were  either  attracted  towards  them  or 
repelled.  If  phagocytes  were  attracted  in  sufficient  numbers,  and  after 
incorporating  the  bacteria  killed  them,  recovery  of  the  infected  animal 
took  place.  If,  on  the  other  hand,  the  phagocytes  were  insufficient,  the 
bacteria  multiplied,  and  the  animal  died.  The  termination  of  an  infec- 
tion in  nearly  all  cases  would  often  depend  on  the  number  of  bacteria 
introduced ; a non-lethal  dose  would  be  disposed  of  by  phagocytes.  As 
a consequence  of  such  a successful  combat,  the  bodily  cells  might  acquire 
a greater  capacity  for  killing  the  bacteria  in  question,  and  thus  an  ihimunity 
might  be  set  up.  Immunity  against  bacterial  infection  is  solely  a question 
of  an  increase  in  the  phagocytic  activity  of  the  bodily  cells. 

The  hypothesis  has  given  rise  to  enormous  controversy.  This  has 
mainly  arisen  from  the  facts  regai'ding  the  occurrence  of  bactericidal 
actions  in  serums,  which  came  into  prominence  soon  after  Metchnikoff's 
earliest  publications,  and  the  discussions  have  mainly  turned  on  whether 
the  destruction  of  bacteria  in  the  animal  body  takes  place  within  or  without 
the  bodily  cells.  It  has  thus  been  common  to  contrast  humoral  with 
cellular  conceptions  of  immunity,  though  the  demarcation  is  not  justified 
by  facts  ; and,  further,  those  who  have  worked  most  at  the  subject  would 
be  least  inclined  to  range  themselves  as  adherents  of  any  hypothesis. 

Phagocytosis  in  relation  to  the  Properties  of  Serums. — Amongst  the  early 
criticisms  to  which  Metchnikoff’s  hypothesis  Avas  subjected,  that  of  Dr. 
Xuttall  (260)  was  most  important.  This  observer,  studying  the  effect  of 
inoculation  of  the  naturally  immune  frog  Avith  anthrax,  observed  that 
phagocytosis  occurred  in  about  16  hours  after  inoculation,  and  continued 
up  to  90  to  120  hours.  He  made  a numerical  estimation  of  the  relatiA'e 
numbers  of  bacilli  Avhich  during  this  phagocytosis  Avere  Avithin  and  with- 
out the  cells,  and  found  that  only  from  50  to  70  per  cent  AAmre  taken  uja 
by  the  leucocytes.  The  extracellular  leucocytes  often  sheAved  degenerative 
changes,  and  similar  changes  Avere  visible  in  hanging-drop  preparations  of  ' 
frog’s  lymph  infected  Avith  anthrax  bacilli.  By  keeping  individual  bacilli 
continuously  under  obseiwation,  he  watched  the  development  of  these 
appearances  in  bacilli  that  had  never  been  taken  up  into  leucocytes. 
This  last  obser\-ation  is  of  very  great  importance  in  vicAv  of  Metchnikoff’s 
opinion  that  the  apparent  extracellular  degeneration  Avas  to  be  accounted 
for  by  the  A'iew  that  the  affected  bacteria  had  escaped  by  the  breaking  uja 
of  phagocytic  cells.  Dr.  Nuttall  .subsequently  noted  that  the  exposure  of 
bacilli  to  the  serum  in  such  circumstances,  i.e.  Avhen  the  organisms  Avere 
partly  contained  in  cells  and  partly  free,  Avas  folloAved  by  death  ; this  Avas 
proved  by  the  observation  that  no  groAvth  occurred  Avhen  the  bacteria  Avere 
t ransferred  to  nutrient  media.  I le  al.so  first  observed  that  the  bactericidal 
pro[»erties  of  such  a serum  Avere  lost  when  it  Avas  heated  to  52°  C.  for  half 
an  hour.  Dr.  Xiittall  also  noted  similar  bactericidal  ell'ects  of  serums  on 
such  organisms  as  the  //.  .mhH.lis  and  the  P>.  megatherium,  Avhich,  so  far  as  is 
known,  fio  not  usually  manifest  pathogenetic  effects.  These  i-esidts  Avere 
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followed  by  the  investigations  of  Buchnei'  (50),  who,  working  along 
similar  lines  with  several  bacteria,  but  especially  with  tlie  typhoid 
bacillus,  noted  the  bactericidal  properties  of  the  serum  and  the  loss  of 
these  properties  when  the  serum  was  heated  for  half  an  hour  to  55°  C. 
It  may  here  be  parenthetically  remarked  that  while  the  degree  of  tem- 
perature necessary  for  the  destruction  of  bactericidal  action  varies  in 
particular  instances,  Buchner’s  result  may  be  taken  as  covering  the 
majority  of  cases  observed.  Buchner  called  the  bactericidal  bodies  alexins. 
On  account  of  their  susceptibility  to  heat,  of  their  precipitation  Ijy 
ammonium  sulphate,  and  of  their  sharing  with  such  a ferment  as  invertin 
the  curious  property  of  being  protected  against  the  action  of  heat  by  the 
presence  of  ammonium  sulphate,  he  placed  them  amongst  the  enzymes. 
There  is  no  doubt  that  the  thermolabile  substances  of  Nuttall  and  the 
alexins  of  Buchner  are  the  complements  that  we  have  alread,y  fully  dis- 
cussed. Nuttall  and  Buchner’s  Avork  gave  rise  to  many  criticisms.  For 
instance,  Fischer  (121)  attributed  the  bactericidal  actions  of  serums  to 
plasmolysis  caused  by  the  transference  of  bacteria  to  a fluid  different 
from  that  to  which  they  had  been  growing, — a view  which  is  probably 
negatived  by  the  existence  of  specificity  of  bactericidal  action  in  serums. 

The  main  effect  of  the  work  of  Nuttall,  Buchner,  and  other  in- 
vestigators along  similar  lines,  was  to  cause  Metchnikoff’s  views  on 
immunity  to  be  questioned,  and  to  confirm  the  tendency  we  have 
alluded  to  as  already  in  existence,  to  substitute  for  a cellular  a 
humoral  conception  of  immunity.  It  thus  became  common  to  consider 
that  recovery  from  infective  disease  in  an  ordinary  animal  and  the 
insusceptibility  of  immunised  animals  might  be  due  to  the  bactei’icidal 
qualities  of  their  serum.  On  the  possible  sources  of  these  bactericidal 
properties  little  attention  was  bestoAved  by  the  humoralists.  A fierce 
controversy  raged  from  about  1888  omvards  betAveen  the  upholders  of 
the  tAvo  views.  Dr.  Nuttall  had  observed  that  the  serum  of  a sheej) 
immunised  against  anthrax  possessed  greater  bactericidal  action  than  that 
of  an  untreated  sheep,  and  Behring  (18)  attributed  the  high  degree  of 
resistance  to  anthrax  possessed  l)y  Avhite  rats  to  bactericidal  properties  of 
their  serum,  Avhich  could  be  demonstrated  in  vitro  toAvards  the  organism  in 
question.  Behring  and  Nissen  (23)  had  observed  that  AA'hile  the  serum 
of  ordinary  guinea-pigs  had  no  bactericidal  effect  on  the  t’ibrio  Metdini- 
kovi,  the  immunisation  of  such  animals  against  the  bacterium  Avas  accom- 
panied by  the  appearance  in  the  serum  of  bactei’icidal  properties  toAvards 
the  vibrio.  Metchnikoff  himself  (230)  confirmed  this  obsen^atioii. 

As  illustrating  the  progress  of  this  contiwersy  and  the  indirectness 
of  the  cAudence  often  brought  to  bear'  on  the  questions  at  issue,  Ave  may 
refer  to  certain  researches  on  tlie  bactericidal  qualities  of  the  serum  of 
the  Avhite  rat.  Dr.  Hankin  (144)  had  brought  forward  evidence  that 
the  serum  of  this  animal  Avhen  added  to  anthrax  bacilli  and  introduced 
into  the  susceptible  mouse  prevented  the  development  of  anthrax ; and 
Ogata  and  Jasuhara  (2G4),  AAmrking  Avith  frog  and  dog  serums,  adduced 
similar  experiments.  Metchnikoff  and  Roux  (238)  confirmed  this  obsei- 
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vatioH,  but  pointed  out  (in  accordance  with  Dr.  Hankin’s  results,  but 
contrary  to  what  occurred  in  the  analogous  experiments  of  the  Japanese 
observers)  that  if  the  serum  and  the  bacilli  were  introduced  at  different 
parts  of  the  body  no  preventive  effect  was  produced.  On  further  inquiry 
the)’  compared  the  different  appearances  presented  locally  in  a mouse 
infected  with  the  mixture  of  serum  and  anthrax  sj)ore&  with  those  in  a 
mouse  inoculated  with  spores  alone,  and  they  found  that  the  great 
difference  noticeable  was  that  in  the  former  there  was  an  accumulation  of 
lencocvtes  which  did  not  occur  in  the  latter.  These  leucocytes  took  up 
nearlv  all  the  spores,  which,  however,  began  to  multiply  after  a few  days 
and  killed  the  animal.  From  this  the  authors  deduce  that  the  serum  has 
no  efiect  in  causing  an  immunity  in  the  susceptible  animal  when  numbers 
of  vegetative  bacilli  and  serum  are  injected  without  subsequent  fatal 
result.  All  that  happens  is  that  the  bacilli  actually  introduced  with  the 
serum  are  killed. 

The  general  conclusion  of  the  earlier  controversy  may  be  said  to  have 
been  that  normal  serums  did  possess  bactericidal  properties,  which  probably 
depended  on  the  presence  of  specific  proteid  substances.  This  bacteri- 
cidal action  was  manifested  towards  both  pathogenetic  and  non-patho- 
genetic  bacteria.  Its  existence  in  relation  to  any  particular  bacterium 
coidd  not  be  certainly  correlated  with  any  immunity  possessed  by  the 
animal  from  which  the  serum  was  derived.  Thus,  as  Metchnikoff  (228) 
pointed  out,  the  serum  of  the  rabbit  and  of  the  dog  had  equal  bacteri- 
cidal properties  towards  the  bacillus  of  anthrax,  though  the  former  animal 
was  very  susceptible  and  the  latter  practically  immune  to  the  disease. 
No  deduction  could  thus  be  made  as  to  the  bearing  of  the  possession  of  a 
bactericidal  serum  on  the  existence  in  an  animal  of  natural  immunity 
towards  a disease.  Nor,  on  the  other  hand,  taking  into  account  such 
observations  as  those  of  Dr.  Nuttall  on  the  occurrence  of  intracellular 
degeneration,  could  the  actual  taking  up  of  bacteria  by  phagocytes  be 
looked  on  as  proved  to  be  an  absolutely  essential  factor  in  the  mechanism 
of  immunity.  On  the  other  hand,  phagocytosis  had  to  be  recognised  as  a 
very  constant  concomitant  of  recovery  from  disease,  as  it  occurred  in  cases 
of  non-fatal  illness  both  in  unimmunised  and  in  immunised  individuals. 
In  fact,  the  upholders  of  a purely  humoral  hypothesis  have  never  brought 
forward  any  case  of  immunity  against  bacterial  invasion  in  which  phago- 
cytosis is  absent. 

There  is  one  general  remark  applicable  to  all  experiments  on  bacteri- 
cidal action,  namely,  that  the  results  may  depend  veiy  largely  on  the 
numrjer  of  bacteria  employed.  A serum  may  be  bactericidal,  but  in  a 
given  quantity  may  only  be  capable  of  killing  a certain  number  of 
bacteria.  If  a greater  number  of  bacteria  be  added,*  then  no  bactericidal 
action  may  be  apparent.  A very  common  technique  for  testing  bacteri- 
cidal actif)n  in  vitro  is  to  add  a given  quantity  of  the  organism  to  an 
amount  of  serum,  and  after  the  exj)iry  of  the  periods  of  observation  to 
transfer  small  mea.surcd  amounts  of  the  mixture  to  melted  tubes  of  media, 
which  are  then  plated.  The  bactericidal  action  is  estimated  by  counting 
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the  colonies  which  develop  on  the  plates  after  incubation.  It  is  evident 
that  if  the  period  of  contact  between  the  serum  and  bacteria  be  at  all 
protracted,  and  the  organism  be  (as  is  frequently  the  case)  a rapidly 
multiplying  one,  any  initial  destruction  of  bactei-ia  may  be  counter- 
balanced by  the  subsequent  multiplication  of  the  remaining  individuals. 
We  shall  see  later  that  even  in  the  living  body  there  may  be  a using  up 
of  bactericidal  material.  Thus,  the  fluid  of  pus  may  be  less  bactericidal 
towards  the  causal  bacteria  than  serum  separated  from  the  blood  of  the 
individual  animal  in  which  the  abscess  has  been  formed.  If  such  an 
action  is  in  reality  pronounced,  then  it  is  difficult  to  see  how  bacteria 
are  not  killed  more  readily  when  introduced  intravenously  than  when 
they  are  placed  in  a subcutaneous  pocket,  in  which  one  would  think  the 
bactericidal  substances  would  be  quickly  exhausted,  and  where  facilities 
would  be  wanting  for  fresh  supplies  coming  in  contact  with  invading 
bacteria. 

Pfeiffer’s  Phenomenon  in  relation  to  Phagocytosis. — The  position  just 
described  may  be  taken  as  that  arrived  at  in  consequence  of  the  earlier 
criticisms  of  the  phagocytic  hypothesis.  We  may  now  proceed  to  con- 
sider phagocytosis  in  the  light  of  our  present  knowledge  of  the  subject. 
It  is  round  the  significance  of  the  Pfeiffer  phenomenon  that  discussion 
here  has  chiefly  turned.  We  have  already  described  the  features  of  this 
jihenomenon  and  the  factors  involved  in  the  bacteriolysis , which  occurs. 
According  to  Metchnikoff,  however,  the  key  to  the  situation  lies  in  the 
recognition  of  the  part  played  by  phagocytes  in  the  reaction,  and  of  the 
fact  that  the  properties  of  the  serum  depend  on  the  escape  of  substances 
from  phagocytic  cells.  He  (231)  stated  that  if  a non-fatal  dose  of  the 
cholera  vibrio  were  injected  into  the  peritoneal  cavity  of  an  ordinary 
guinea-pig  the  following  sequence  of  events  occurred.  If  the  peritoneal 
fluid  were  examined  within  an  hour  or  so  after  the  injection  the  leuco- 
cytes normally  present  were  found  to  be  apparently  less  numerous  than 
usual,  the  bacteria  were  free  in  the  fluid,  and  did  not  manifest  the 
appearances  found  when  Pfeiffer’s  phenomenon  was  present.  After  this 
time  leucocytic  exudation  with  phagocytosis  occurs,  so  that  at  the  end  of 
eight  hours  the  fluid  contains  no  free  bacteria.  The  bacteria  taken  up 
manifest  within  the  cellular  protoplasm  the  granulation  characteristic  of 
the  Pfeiffer  phenomenon,  although  the  fact  that  living  cultures  can  be 
obtained  from  the  peritoneum  up  to  twenty-four  hours  after  inoculation 
shews  that  it  is  some  time  before  the  actual  destruction  of  the  bacteria  is 
completed.  The  important  point  here  is  the  apparent  diminution  of  the 
leucocytes  immediately  after  the  injection  of  the  vibrios. 

As  we  have  already  seen,  two  bodies  are  concerned  in  the  Pfeiffer 
phenomenon — the  thermostable  immune  Ijody  and  the  thermolalhle  com- 
plement. Although  Metchnikoff’s  views  on  this  matter  are  rather 
indefinitely  expressed,  we  gather  that  he  attaches  significance  to  the 
resemblances  between  the  intracellular  appearance  of  vibrios  taken  up 
by  phagocytes  in  an  ordinary  guinea-pig  and  the  appearances  manifest 
in  the  extracellular  destruction  occurring  in  the  peritoneal  fluid  of  an 
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iiimnme  animal.  His  view  of  the  mechanism  of  the  destruction  of 
bacteria  when  once  they  have  been  taken  np  by  phagocytes,  is  that  they 
are  acted  on  by  certain  intracellular  ferments  which  he  names  ci/iuses. 
Now  granting,  as  Metchnikoft’  would  do,  the  existence  in  the  serum  of  an 
immune  animal  of  thcrmolabile  and  thermostable  elements  concerned  in 
bactericidal  action,  we  have  to  inquire  as  to  his  views  on  the  relation  of 
these  substances  to  the  cycases  concerned  in  the  intracellular  destruction 
and  iligestion  of  bacteria.  His  position  here,  in  effect,  is  that,  in  com- 
position in  respect  to  bactericidal  bodies,  the  serum  does  not  correspond 
with  the  liqiwr  sanguinis  of  the  living  animal.  The  evidence  on  which 
this  is  based  is  somewhat  as  follows.  As  'we  have  seen,  the  serum  of  a 
guinea-pig  immunised  against  cholera  contains,  like  the  peritoneal  fluid, 
both  immune  body  and  complement.  Bordet  (33),  however,  states  that 
the  cedematous  fluid  produced  as  the  result  of  causing  passive  congestion 
in  the  leg  of  an  immune  guinea-pig  does  not  in  the  fresh  condition  give 
rise  to  the  Pfeiffer  phenomenon.  It  does  do  so,  however,  if  some  serum 
from  a fresh  guinea-pig  be  added,  though  it  is  not  so  potent  as  the  immune 
serum.  The  fluid  must  thus  contain  immune  body  without  comjdement. 
Bordet,  on  trying  a similar  experiment  with  fluid  from  the  anterior 
chamber  of  the  eye  of  an  immune  animal,  found  no  evidence  that  either 
immune  body  or  complement  were  present.  The  deduction  from  these 
experiments  is  that  the  poorer  a body-fluid  is  in  cells  of  the  phagocytic 
type  the  less  likely  is  it  to  manifest  bacteriolytic  properties.  Again, 
Gengou  (136)  compared  the  properties  of  the  plasma  derived  from 
uncoagulated  blood  with  those  of  the  serum  obtained  from  clotted  blood 
in  the  ordinary  Avay.  The  method  employed  to  prevent  coagulation  Avas 
to  receive  the  blood  into  tubes  coated  internally  Avith  paraffin,  and  to 
precipitate  the  corpuscles  by  centrifugation.  He  found  that  Avhen  in 
such  animals  as  the  rat,  the  rabbit,  or.  the  dog,  the  serum  manifested  a 
definite  bactericidal  action,  the  plasma  was  either  not  at  all  bactericidal 
or  only  manifested  a slight  potency,  associated  perhaps  with  the  slight 
degree  of  coagulation  Avhich,  eAmn  Avith  the  precautions  described,  some- 
times took  place.  The  organisms  used  Avere  those  of  anthrax,  typhoid, 
cholera,  and  the  B.  coli.  Gengou  did  not  apply  this  method  to  the  case  of 
immune  serums,  but  the  results  are  accepted  by  Metchnikoff  as  proof  that, 
in  the  normal  fluids  of  the  body,  complement  does  not  occur  in  a free 
condition.  Falloise  (119),  hoAvever,  has  applied  this  method  to  certain 
hjemolytic  serum.s,  and  found  that  plasma  as  Avell  as  serum  contained  com- 
plement. The  Avhole  subject  requires  further  imiuiiy. 

Acccf>ting  this  vieAv  for  the  moment,  avc  may  inquire  hoAv  the 
Pfeiffer  phenomenon  comes  to  be  manifested  in  the  peritoneal  cavity  of 
the  immune  animal.  The  key  to  this  Metchnikoff  finds  in  the  idieno- 
menon  (>f  the  <Ii.s;i[>pcarancc  of  cells  from  the  peritoneal  caAu'ty  A\'hen  the 
Wteria  are  introdiicerl.  This  he  describes  as  due  to  Avhat  he  terms 
ph/tgolysis,  though  to  Avhat  extent  he  holds  that  an  actual  solution  of  the 
phagocytic  cells  occurs  is  not  <piite  clear.  He  states  (237,  p.  236)  that 
these  cells  appear  gathered  in  clumps  in  the  great  omentum,  and  a 
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it  in  the  highest  degree  important  that  the  local  manifestations  of  cellular 
activity  should  be  correlated  to  any  properties  which  may  simultaneously 
appear  in  the  l)ody-fluids.  From  what  has  been  said  of  Metchnikofl’’s 
views,  it  is  evident  that  this  last  point  is  the  crux  of  the  whole  question. 
The  only  modification  his  earlier  views  have  undergone  in  their  latest 
presentation  is  in  the  matter  of  admitting  that  immune  body  may  during 
life  be  set  free  from  the  cells  producing  it ; but  seeing  he  holds  firmly  to 
the  opinion  that  complement  never  is  found  free  in  the  body-fluids  during 
life,  it  is  manifest  that  it  is  only  by  actual  phagocytosis  that  the  death 
of  bacteria  can  be  accomplished,  except  in  so  far  as  the  setting  fi-ee  of 
complement  by  phagolysis  renders  extracellular  destruction  possible. 
We  have  no  data  for  determining  to  what  extent  phagolysis  occurs  and 
what  part  it  may  play  in  natural  infections.  It  is  evident  that  its 
occurrence  is  probably  not  limited  to  such  events  as  the  injection  of 
normal  saline  solution  or  of  bouillon.  Nor  is  it  essential  that  an  actual 
solution  of  the  cells  concerned  should  be  a necessary  antecedent  of  their 
giving  up  to  the  surrounding  fluids  the  suljstances  through  which  they 
act.  Whatever  the  normal  functions  of  the  leucocytes  may  be,  it  is 
certain  that  the  ingestion  and  digestion  of  particulate  objects  is  a com- 
paratively rare  occurrence  with  them.  Thus,  in  ordinary  circumstonces 
the  addition  by  leucocytes  of  substances  to  the  circulating  fluids  of  the 
body,  in  the  same  way  that  the  cells  in  the  body  are  constantly  doing,  is 
quite  possible.  The  growth  of  bacteria  in  such  a situation  as  the  peri- 
toneal cavity,  and  the  elaboration  by  them  of  toxins,  might  constitute  a 
cellular  injury  sufficient  to  cause  substances  usually  intimately  bound  in 
cellular  protoplasm  to  pass  out  into  the  surrounding  fluids.  It  cannot, 
however,  be  said  that  we  possess  proof  that  such  an  excretion  does 
actually  take  place. 

Meanwhile  stress  must  be  laid  on  the  complexity  of  the  cellular 
activities  manifested  in  such  an  event  as  the  peritoneal  reaction.  We 
may  draw  an  example  from  the  very  careful  examination  of  the  subject 
by  Dr.  Beattie  (16),  Avho,  while  having  no  doubt  that  the  macrophage 
cells  of  the  peritoneum  can  ingest  living  bacteria,  cannot  be  certain  that 
the  microphage  cells  are  callable  of  taking  up  any  but  dead  organisms. 
Sometimes  in  infections  there  is  evidence  of  the  predominant  activity  at 
one  stage  of  the  process  of  one  type  of  cell,  at  another  of  another  type  of 
cell.  Thus  Dembinski  points  out  that  in  the  infection  of  jngeons 
■with  the  bacillus  of  avian  tuberculosis  there  is  first  a slight  phagocytosis 
by  polymorphonuclear  cells,  while  ultimately,  and  probably  of  greatest 
importance,  there  is  a phagocytosis  by  the  mononuclear  macrophage 
cells.  Beference  may  be  made  to  one  point  in  connexion  with  the  com- 
plexity of  the  cellular  manifestations  observed  in  local  infections. 
Whatever  the  significance  of  the  jwesence  of  immune  body  and  comple- 
ment in  serum  may  be,  a very  striking  feature  of  an  immune  serum  is,  as 
we  have  seen,  that  while  immune  body  is  present  in  great  amount  there 
is  no  proportionate  increase  in  complement.  Metchnikoff  appears  to  hold 
that  the  presence  of  these  bodies  in  a serum  is  merely  an  indication  that 
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the  iiitnicellular  ferments  present  in  phagocytes  have  passed  out  of  the  cells. 
It  is  evident,  therefore,  that  during  immunisation  a change  in  the 
chemical  activity  of  the  cellular  protoplasm  has  occurred.  But  as  regards 
two  important  factors  in  the  capacity  possessed  by  the  cells  for  dealing 
with  invading  organisms,  there  has  been  a lack  of  correlation,  for  while 
one  substance  has  been  increased  the  other  has  not.  It  must  thus  be 
left  for  future  decision  whether  the  two  substances  are  formed  in  the 
same  cell  or  whether  there  may  not  be  a symbiosis  between  the  numerous 
cells  which  take  part  in  a reaction. 

The  Mechanism  of  Chemiotaxis. — We  must  now  consider  one  or  two 
further  points  regarding  phagocytosis.  We  have  seen  that  in  cases  in  which 
MetchnikofTs  view,  that  the  mechanism  of  immunity  consists  essentially 
of  a phagocytosis,  may  hold  good,  observations  on  phagolysis  indicate 
that  there  is  in  the  process  a chemical  activity  on  the  jjart  of  cells  in 
producing  their  intracellular  ferments  in  unusual  degree.  The  facts  are 
not  accounted  for  by  a mere  increase  in  the  number  of  cells  concei’ued 
in  the  process.  But  it  is  evident  that  intracellular  acti^'ity  is  only 
one  aspect  of  the  processes  of  recovery  and  immunisation ; the 
metabolic  activity  of  the  leucocytes  must  be  secondary  to  their  coming 
into  actual  relation  vuth  the  bacteria  which  they  are  to  take  into  their 
protoplasm.  The  article  on  “ Inflammation  ” deals  %vith  the  facts  with 
regard  to  the  occm-rence  of  the  attraction,  manifested  towards  certain 
bacteria  by  phagocytes,  which  is  known  as  positive  chemiotaxis,  and  of 
the  repulsion  by — or,  at  any  rate,  the  indifference  towards — the  bacteria 
exhibited  on  other  occasions.  A striking  example  of  such  a phenomenon 
is  furnished  by  an  observation  of  Bordet.  In  a particular  case  the 
Streptococcus  pyogenes,  when  injected  into  the  peritoneal  cavity  of  an 
animal,  was  not  taken  up  by  the  cells  present;  when  into  this  animal 
the  Proteus  vulgaris  (a  non-pathogenetic  organism)  was  also  injected, 
the  last-named  bacteria  were  readily  taken  up ; thus,  the  cells,  having  tAvo 
organisms  presented  to  them,  took  up  one  variety  and  rejected  the  other. 
Xo  physical  explanation  can  be  given  of  such  phenomena,  and  especially 
of  the  transformation  of  an  indifferent  attitude  into  one  of  active 
response  as  expre.ssed  by  attraction.  The  questions  involved  have  neA'er 
been  exhaustively  dealt  Avith,  but  certain  inquiries  haA^e  been  directed 
towards  the  factors  influencing  such  movement,  the  reality  of  its  occui’- 
rence  being  a.ssumed.  In  discussing  the  mechanism  of  immunity  against 
SAvine  erysipelas  in  the  absence  of  Pfeiffer’s  phenomenon,  ^letchnikoff 
p.  324)  quotes  expei-iments  of  Gengou  to  .shcAv  that  besides 
immune  Vjody  and  complement  something  else  is  required  in  order  that 
phagrxiytosis  should  occur.  The  amount  of  heated  immune  serum 
cornplementefl  by  fresh  guinea-pig  serum  necessary  to  protect  a mouse 
against  fatal  infection  Avith  SAvine  erysipelas  Avas  determined.  A fatal 
dose  of  the  bacteria  Avas  kejrt  in  contact  Avitlr  the  immune  ser'um  and 
complement  for  a time  .sirflicient  for  abirorption  of  the  imnutne  body  by 
the  l»acilli  to  occitr.  The  bacilli  Avcrc  therr  Avashed  free  of  serum,  and 
when  injected  caused  death.  Prom  this  Metchnikoff  conclitdes  that 
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“it  is  not  the  fixateur  adhering  to  the  bacteria  which  determines  the 
protective  action  of  the  specific  serum.  The  liquid  must  in  addition 
contain  another  substance,  and  it  is  this  in  reality  which  stimulates  the 
phagocytes.”  It  is  evident  that  this  experiment  is  difficult  to  interpret, 
especially  as  no  details  are  given.  In  the  first  case,  where  death  did  not 
occur,  not  only  immune  serum  but  a complementary  serum  was  injected  \ 
these  serums,  of  course,  contained  other  bodies  besides  the  actual  immune 
l)ody  and  active  complement ; in  the  second  case,  on  the  other  hand, 
oid^^  active  immune  body  and  active  complement  Avere  present,  but  a 
complication  was  introduced  in  that  the  sei’ums  Avere  mily  allowed  to  act 
on  the  bacilli  during  the  pei’iod  preAdous  to  their  injection.  SaAvtchenko 
(305)  has  brought  forward  eAudence  in  favour  of  a vicAv  that  it  is  really 
the  immune  body  {fixateur,  or  irmmmidne,  as  SaAvtchenko  describes  it) 
Avhich  stimulates  phagocytic  action.  First,  a leucocytosis  Avas  induced 
in  the  peritoneal  cavities  of  tAvo  guinea-pigs  by  an  injection  of  bouillon. 
Next  day  into  the  peritoneum  of  one  Avas  introduced  some  guinea-pig 
erythrocytes  and  also  some  inactivated  serum  from  a rabbit  immunised 
Avith  guinea-pig  corpuscles.  Into  the  peritoneum  of  the  other  guinea-pig 
corpuscles  alone  Avere  injected.  In  the  first  instance  I’apid  phagocytosis 
of  the  corpuscles  introduced  Avas  observed ; in  the  second  the  corpuscles 
appeared  free  in  the  serum  for  several  days  and  eventually  seemed  to 
pass  into  the  lymphatics.  Lastly,  there  Avas  injected  into  a guinea-pig’s 
peritoneum  some  of  the  same  inactiA'ated  haemolytic  serum  along  Avith 
some  bouillon.  A copious  phagocytosis  resulted,  and  next  day  the 
animal  Avas  killed  by  bleeding.  The  peritoneal  exudation  A\ms  removed, 
and  the  leucocytes  present  well  Avashed  Avith,  and  then  suspended  in,  salt 
solution.  To  part  of  the  suspension  some  fresh  guinea-pig  erythrocytes 
Avere  added.  The  leucocytes  present  had,  during  the  day  previous  to  the 
animal’s  death,  been  subject  to  the  immune  body  injected,  but  they  had 
been  Avashed  of  all  plasma  Avhich  might  contain  either  this  immune  body 
or  any  other  substance  present  in  the  immune  serum,  or  naturally 
present  in  the  guinea-pig’s  economy.  In  these  circumstances  it  Avas 
found  that  in  the  suspension  in  salt  solution  they  Avere  still  alive  and 
took  up  the  guinea-pig  corpuscles  added.  Next,  to  another  part  of  the 
suspension  descril)ed  a small  quantity  of  fresh  ralibit  blood  Avas  added,  in 
order  that  in  the  clotting  the  guinea-pig  levxcocytes  might  be  dis- 
integrated, and  any  substances  they  contained  might  thus  pass  out  into 
the  surroutiding  fluid.  The  mixture  Avas  kept  on  ice  for  tAvo  days  and 
then  centrifuged,  and  normal  guinea-pig  serum  (to  provide  com- 
idement)  and  normal  guinea-pig  erythrocytes  Avere  added.  The  latter 
AA’^ere  slightly  dissoL'^ed, — more  so  than  if  exposed  to  normal  rabbit 
serum  alone  Avith  only  guinea-pig  complement  added.  Thus,  there  Avas 
evidence  that  the  leucocytes  parted  Avith  the  immune  body  they  had 
taken  up.  Thirdly,  the  red  corpuscles  obtained  in  killing  the  original 
guinea-pig  Avere  Avashed  and  injected  intraperitoneally  into  a fresh 
guinea-pig,  in  Avhich  a leucocytosis  had  been  produced  by  a previous 
injection  of  bouillon ; this  AA^as  done  to  determine  Avhether  during  the 
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sojourn  of  the  immune  bod}"  in  the  guinea-pig’s  body  any  sensitisation  of 
the  erythrocytes  of  the  animal,  such  as  would  take  place  in  vitro,  had 
occurred.  It  was  found  that  the  amount  of  phagocytosis  which  occurred 
ill  such  circumstances  was  insignificant.  We  gather  that  Sa'wtchenko 
attributes  this  slight  phagocytosis  to  the  fact  that  the  immune  body 
previously  injected  had  been  so  diluted  with  the  fluids  of  the  guinea-pig’s 
tissues  that  little  or  no  sensitisation  could  be  observed.  Sawtchenko’s 
general  conclusion  is  that  the  fixateiu:  can  determine  in  two  ways  the 
phagocytosis  of  elements  which  are  not  ordinarily  taken  up.  First,  by 
fixateur  becoming  united  to  the  specific  object  the  latter  is  modified  so 
that  phagocytes  are  attracted  to  it  instead  of  remaining  indifferent. 
Secondly,  fixateur  can  be  absorbed  into  the  phagocytic  protoplasm,  and 
the  phagocyte  thus  acquires  positively  chemiotactic  properties  towards 
substances  sensitive  to  the  fixateur.  It  is  evident  that  the  question  of 
the  ultimate  sources  of  both  immune  body  and  complement  is  left  open. 
Such  facts  as  those  disclosed  in  the  experiments  of  Gengou  and 
Sawtchenko  manifestly  only  apjDly  to  cases  in  which  an  immune  serum 
is  acting,  and  neither  of  these  observers  has  pursued  his  inquiries 
further. 

The  Opsonic  Phenomenon. — By  far  the  most  suggestive  work  rvith 
regard  to  the  factors  concerned  in  phagocytosis  is  that  in  which  Sir 
A.  E.  Wright  (371),  in  conjunction  with  Capt.  Douglas,  follows  up  his 
pre^dous  researches  on  the  bactericidal  action  of  serums.  An  important 
principle  adopted  in  the  research  is  the  application  of  the  means  of 
exactly  measuring  the  phagocytic  power  of  the  blood  devised  by  Col. 
Leishman  (181),  and  already  described  (vide  vol.  i.  p.  697).  In 
this  method  the  average  number  of  bacteria  taken  up  by  the  poly- 
morphonuclear leucocytes  in  vitro  in  a given  time  is  obtained.  In 
the  researches  of  Sir  A.  E.  Wright,  and  Capt.  Douglas  the  cellular 
— and  particularly  the  colourless — elements  of  the  blood  are  separ- 
ated from  the  fluid  by  an  appropriate  method  of  centrifugation. 
The  fluid  part  can  be  treated  at  will,  and  its  properties  investigated  ; 
the  phagocytes — washed  with  salt  solution  so  as  thoroughly  to  remove 
all  traces  of  the  plasma  — can  be  subjected  to  any  desired  con- 
ditions, and  when  the  period  of  observation  has  elapsed  their  activity 
can  be  estimated  by  Leishman’s  method.  The  general  line  of  the 
investigation  was  to  subject  different  bacteria  to  the  action  of  the 
phagocytes  in  the  presence  of  serum  or  plasma  derived  either  from  the 
individual  who  had  furnished  the  phagocytes  or  from  another.  It  was 
found  that  dealing  with  an  emulsion  of  Staphylococcus  pyogenes  aureus 
and  corpuscles  and  serum  of  the  observers  themselves,  a marked  fall  in 
the  number  of  bacteria  ingested  took  place  when  the  serum  bad  been 
previou.sly  heated  to  60  to  C-o  C.  for  ten  to  fifteen  minutes,  d'he  serum 
therefore  contained  some  constituent  which  affected  the  jihagocytic 
ca[)acity  of  the  leucocyte.s.  That  this  con.-tituent  acted  on  the  bacteria 
and  made  them  the  prey  of  the  jdiagocytes  Avas  shewn  by  tlic  observation 
that  if  staphylococci  were  subjected  to  the  action  of  the  serum,  and  the 
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mixture  heated  to  60°  C.,  cooled,  and  the  bacteria  then  exposed  to  the 
action  of  the  phagocytes,  the  number  of  bacteria  ingested  corresponded 
to  the  number  taken  up  when  the  unheatcd  serum  and  the  unheated 
staphylococcus  emulsion  were  employed.  This  capacity  possessed  by 
serum  Sir  A.  E.  Wright  speaks  of  as  its  opsonic  effect  (o^twreoj,  I 
])repare  victuals  for).  Besides  its  susceptibility  to  heat  this  opsonic 
substance  or  opsonin  disappears  spontaneously  when  serum  is  kept. 
Sir  A.  E.  Wright  and  Capt.  Douglas  shewed  that  similar  results  could 
be  obtained  in  a marked  fashion  with  the  plague  bacillus,  the  Micro- 
coccus mditensis,  the  Diplococcus  pneumonim  (Fraenkel),  and  with  other 
organisms.  They  give  the  following  classification  of  bacteria  according 
to  the  results  of  their  researches: — (1)  Bacteria  which  are  eminently 
sensible  to  the  bacterieidal,  bacteriolytic,  and  opsonic  actions  of  normal 
human  blood-fluids — the  Bacillus  typhosus  and  the  Vibrio  cholercc  asiaticce ; 

(2)  bacteria  which  are  in  some  measure  sensible  to  the  bactericidal  action 
of  the  normal  human  blood -fluids,  and  are  eminently  sensible  to  its 
opsonic  action  — the  Bacillus  coli  and  the  Bacillus  dysenterice  (Shiga) ; 

(3)  bacteria  which  are  absolutely  insensible  to  the  bactericidal  action  of 
the  normal  human  blood-fluids,  but  are  eminently  sensible  to  the  opsonic 
action  of  these  fluids  — the  Staphylococcus  pyogenes,  the  Bacillus  pi^stis, 
the  Micrococcus  mditensis,  the  Diplococcus  pneumonice  (Fraenkel) ; (4) 
bacteria  which  are  insensible  both  to  the  bactericidal  and  to  the  opsonic 
actions  of  huma!i  blood -fluids — the  Bacillus  diphtheiice  and  the  Bacillus 
oxrosis.  Especially  important  is  the  recognition  of  the  third  group  of 
bacteria  in  this  classification.  In  these  cases  a bactericidal  po\ver  is 
absent  from  the  serum,  and  an  intracellular  destruction  of  the  bacteria 
is  alone  observed. 

The  importance  of  these  observations  is  that  they  raise  the  question 
whether  the  jjhagocytic  cells  are  by  themselves  able  to  perform  a phago- 
cytic function — whether  it  is  not  necessary  for  them  to  be  reinforced  from 
without  before  the  englobing  of  bacteria  occurs.  According  to  Sir  A.  E. 
Wright  and  Capt.  Douglas  this  reinforcing  takes  the  form  of  a sensitisation 
of  the  bacterial  protoplasm  by  an  element  in  the  plasma.  It  is  natural 
that  such  a view  should  give  rise  to  discussion.  There  is  no  doubt  that 
the  conception  of  sensitisation  as  put  forward  by  these  observers  is  a 
novel  one.  It  is  probable,  however,  that  the  phenomena  observed  by  them 
had  been  present  in  experiments  by  previous  workers  though  their 
significance  had  not  been  recognised.  Thus  Denys  (83,  84)  describes  ex- 
periments by  liCclef  to  shew  that  in  a mixture  of  antistreptococcic  rabbit 
serum,  streptococci,  and  leucocytes,  in  vitro,  the  taking  up  of  the  bacteria 
by  the  latter  was  much  more  marked  than  when  normal  rabbit  serum  was 
used.  If  the  serums  used  were  fresh  it  is  quite  possible  that  an  opsonic 
action  was  here  responsible  for  the  phagocytosis.  If  old  serum  were 
employed  probably  the  effects  were  due  to  some  other  cause.  With 
regard  to  the  facts  concerning  opsonins  there  is  little  doubt ; the  results 
of  Sir  A.  E.  Wright  and  Capt.  Douglas  have  been  repeated  ami  con- 
firmed by  Drs.  Bulloch  and  Atkin  (60),  and  also  by  Dr.  Dean  (79). 
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Further,  Drs.  Bullocli  and  Western  (60a)  believe  in  the  existence  of 
a speciticitv  in  the  opsonic  plicnomenon  in  that  the  removal  from  a 
serum  of  an  opsonin  towards,  e.g.,  the  Staphylococcus  pyogenes  may  not 
remove  the  opsonin  towards  the  tubercle  bacillus.  The  main  question 
for  consideration  is  whether  the  discovery  unravels  the  complexity  of 
particular  cases  of  bactericidal  action  of  the  type  of  the  Pfeiffer 
phenomenon,  or  whether  opsonic  action  is  separate  and  distinct  from 
the  bactericidal  and  bacteriolytic  effects  previously  investigated ; it 
is  to  the  latter  view  that  Sir  A.  E.  Wright  inclines.  In  support 
of  this  opinion  appeal  may  be  made  to  his  observation  on  the 
thermolability  of  the  opsonic  substance  which  distinguishes  it  from 
ordinary  immune  bodies,  and  also  on  the  occurrence  of  opsonic  effects  in 
cases  {e.g.  rvith  staphylococcus),  in  which  there  is  no  evidence  that  substances 
such  as  immune  body  and  complement  are  in  action.  Again,  in 
support  of  the  special  character  of  opsonins  is  the  apparent  imiDotence 
of  the  phagocytes  to  have  any  marked  action  rvhen  they  are  washed 
free  of  opsonic  serum.  This  last  is  a point  on  which  controversy 
is  sure  to  arise.  It  is,  of  course,  a gmori,  rather  difficult  to  realise  how 
cells  capable  of  taking  up  pigment  and  foreign  bodies  unaided  should 
for  a particular  case  of  ^phagocytosis  require  help  from  without.  The 
cells,  however,  which  have  been  studied  in  the  opsonic  work  are  the 
polymorphonuclear  leucocytes,  and  ordinarily  these  are  more  active 
in  the  taking  up  of  bacteria  than  in  ingesting  other  foreign  bodies.  In 
Sir.  A.  E.  Wright’s  own  experiments  a slight  phagocytosis  was  often 
observed  in  washed  corpuscles  treated  with  a serum  the  opsonic  capacity 
of  which  had  been  destroyed  by  heat.  On  the  other  hand,  Lohlein 
(51),  working  in  Wetchnikoff’s  laboratory,  states  that  he  has  obtained 
very  definite  phagocytosis  with  washed  corpuscles.  There  can  be  no 
doubt  that  whether  the  phagocytosis  of  bacteria  is  or  is  not  totally 
dependent  on  substances  in  the  serum,  it  takes  place  much  more  readily 
when  certain  substances  are  present. 

The  special  nature  of  the  opsonins  has  been  denied  by  Dr.  Dean  (79), 
who  adduces  experiments  to  shew  that  Sir  A.  E.  Wright  has  attached  too 
great  importance  to  the  thermolability  of  the  opsonins.  Sir  A.  E. 
Wright  admits  that  the  thermolability  of  the  opsonins  is  relative  (see 
M right  and  Reid  (.375a)).  He  has  found  that,  while  the  opsonic  quality 
of  the  serum  of  an  ordinary  person  is  markedly  thermolabile,  there 
'K-curs  in  the  serum  of  persons  who  have  responded  to  tubej'culons 
infection  or  vaccination  a thermostable  o])sonin,  which  he  denominates  an 
incitor  element,  but  which  does  not  differ  from  ordinary  opsonin  in 
qiutlity.  As  the  result  of  his  woi'k.  Dr.  Dean  considers  that  the 
o[>sonins  arc  to  be  classed  under  Metchnikoff’s  fimteurs,  and  that  thej’’ 
do  not  differ  from  ordinary  immune  bodies.  The  term  “Jmitcur”  is 
certainly  u.sed  in  such  an  indefinite  way  by  .Metebnikoff  that  it  may  bo 
made  to  incliule  Wright’s  o])Sonins.  d'he  real  (piestion,  however,  is,  did 
.Metchnikoff  recognise  that  snbstances  might  exist  in  the  serum  which  not 
only  were  capable  of  preparing  the  bacteila  for  phagocytosis,  but  without 
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the  presence  of  which  phagocytosis  was  either  absent  or  reduced  to  a 
minimum  ? This  is  very  doubtful.  While  he  admits  that  in  immune 
animals  immune  body  may  escape  into  the  blood-pla-sma,  it  is  evident  that 
he  considers  the  fixateur  and  the  complement  normally  to  he  confined 
in  cells  ; therefore  if  they  are  essential  to  phagocytosis  the  taking  up 
of  bacteria  should  occur  when  any  cell  containing  these  sub.stances  comes 
in  contact  with  a bacterium.  Now  Sir  A.  E.  Wright  has  shewn  that  this 
does  not  necessarily  take  place.  The  subject  is  beset  with  much  diffi- 
culty. We  have  not  sufficient  data  to  determine  the  ultimate  significance 
of  the  opsonic  phenomenon ; it  may  be  a particular  manifestation  of  the 
reaction  operating  in  bacteriolysis,  and  a thermolabile  and  a thermostable 
element  may  be  concerned  in  it.  We  must,  however,  accentuate  the 
advisability  of  keeping  in  view  the  fact  that  the  properties  of  the  serum 
differ  in  immunisations  against  different  infective  agents ; that,  for 
instance,  according  to  Sir  A.  E.  Wright  and  Dr.  Windsor,  the  develop- 
ment of  immunity  against  staphylococcus  infection  is  unlike  the  cases  of 
cholera  and  typhoid  in  being  unaccompanied  by  the  development  of  a 
bactericidal  serum.  Thus,  if  the  opsonins  be  of  the  nature  of  immune 
bodies,  the  question  arises  of  hoAv  far  and  in  what  cases  the  complements, 
with  which  they  act,  pass  out  into  the  serum  when  the  blood  is  withdrawn 
from  the  body.  Before  the  \vork  of  Sir  A.  E.  Wright  and  Dr.  Windsor, 
doubt  had  often  arisen  whether  certain  antibacterial  . serums  really 
depended  for  their  action  on  the  presence  of  definite  bactericidal  or 
bacteriolytic  principles,  especially  with  regard  to  the  antistreptococcic 
serum  Lingelsheim  (335)).  The  search  for  immune  body  in  it  has 
been  unsuccessful  (Aronson  (4))  ; and  the  general  view  of  the  French 
school  has  been  that  its  protective  and  curative  actions  depend  on  its 
stimulating  the  phagocytes  to  take  up  the  invading  bacteria  (Besredka 
(25)).  There  are  other  instances  in  which  difficulties  have  arisen  as  to 
the  action  of  immune  serums,  and  the  work  on  opsonins  must  in  these  cases 
stimulate  fresh  inquiries.  In  any  event,  this  work  is  fresh  evidence  of 
the  probable  complexity  of  the  processes  involved  in  immunity,  and 
indicates  that  not  only  in  different  cases  may  different  mechanisms 
be  at  work,  but  that  even  in  the  same  case  different  mechanisms  may  be 
combined. 

If  the  opsonic  quality  of  the  serum  be  in  reality  distinct  from  such 
actions  as  these  concerned  in  bacteriolysis,  two  questions  naturally  arise. 
In  the  first  place,  since  the  opsonins  are  present  in  non-bactericidal  serums, 
how  comes  it  that  the  death  of  bacteria  results  1 The  natural  answer  is 
that  in  such  cases  as  we  have  indicated,  the  substances  concerned  in  the 
actual  killing  of  the  bacteria  must  be  strictly  confined  to  the  cellular 
protoplasm.  Whether  they  are  of  the  nature  of  the  substances  which  in 
other  cases  act  intracellularly  we  cannot  tell.  To  the  second  question, 
what  is  the  source  of  the  opsonins  1 no  answer  can  be  given  ; but  we 
must  be  prepared  to  find  tliat  they  are  not  leucocytic  products. 

Whatever  ^dews  be  held  as  to  the  scientific  relationships  of  the  work 
of  Sir  A.  E.  Wright  and  Capt.  Douglas  to  other  hypotheses  regarding 
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immunity,  the  methods  ehiboratcd  by  these  observers  are  of  great 
value  for  the  detection  and  estimation  of  a particular  capacit\'  of  the 
serum ; and  further,  there  is  little  doubt  that  during  certain  immunisa- 
tion processes  changes  in  the  opsonic  index  in  the  serum  are  observ- 
able— an  increase  of  opsonic  power  being  specially  important.  Sir 
A.  E.  ^Vright  and  Capt.  Douglas  (373)  have  shewn  that  in 
chronic  staphylococcus  infections,  such  as  are  found  in  boils  and 
furunculosis,  the  opsonic  powers  of  the  serum  towards  the  bacterium  in 
question  are  lower  than  in  the  healthy  man.  They  have  also  shewn 
(372)  that  the  same  holds  good  in  certain  tuberculous  infections.  They 
have  found  that  in  each  case  the  injection  of  the  dead  bodies  of  the 
bacteria  concerned  frequently  raises  the  opsonic  capacity  of  the  serum, 
and  Avith  this  rise  an  improvement  in  the  morbid  condition  is  observed. 
The  rise  in  opsonic  power  is  not  indefinite  and  the  conditions  affecting  it 
are  still  unknown,  but  there  can  be  no  doubt  of  the  existence  of  this 
capacity  for  increase  in  the  opsonic  power. 

It  may  here  be  mentioned  in  connexion  with  these  therapeutic  obser- 
vations that  Sir  A.  E.  Wright  uses  the  term  “opsonic  index”  to  denote  the 
percentage  of  opsonic  power  of  the  sick  person’s  serum  in  comparison  with 
that  of  tlie  control  serum  of  a presumably  healthy  person  (usuallj^  that  of 
the  observer  himself),  which  is  taken  as  unity.  A difficrdty  might  natui- 
ally  arise  here,  because  the  perfect  health  of  the  observer  who  uses  his 
own  serum  as  a test  for  comparison  must  be  assumed,  but  in  practice 
this  appears  to  be  relatively  unimportant. 

Several  interesting  questions  here  emerge.  For  instance,  given  that 
the  opsonic  ))ower  of  the  serum  generally  is  lower  than  normal  in  condi- 
tions of  multijjle  local  bacterial  lesions,  such  as  occur  in  widespread 
furunculosis  or  chi'onic  tuberculosis,  how  is  it  that  the  injection  of  dead 
bacteria  can  raise  the  opsonic  content  of  the  blood  1 It  would 
naturally  be  imagined,  if  dead  bacteria  were  capable  of  stimulating  such 
a change,  that  the  constant  death  of  bacteria  in  the  lesions,  which  un- 
doubtedly occurs,  would  furnish  a sufficient  stimulus  to  whatever  mechan- 
ism is  responsible  for  the  production  of  these  opsonic  bodies.  We  have 
seen  what  difficulties  arise  in  connexion  with  the  passage  into  the  body 
of  intracellular  toxins  and  of  the  .substances  giving  rise  to  lytic  action, 
and  here  again  we  have  a difficulty  Arith  regard  to  opsonic  action.  The 
jK)ssibility  of  the  formation  of  opsonins,  apart  from  the  Avaiideimig  cells  of 
the  body,  is  again  suggested,  and  it  is  conceivable  that  the  passage  of  the 
ojjsonin-stimulating  material  from  the  lesions  may  be  prevented.  There 
is  evidence  that  the  general  diminution  of  opsonic  power  in  the  infections 
quoted  may  be  due  to  a using  up  of  the  bodily  opsonin  in  the  local 
le.sions.  Thus  >Sir  A.  E,  Wright  and  IVIajor  Eamb(37o),  when  investigat- 
ing the  agglutinins  i»resent  in  the  bodies  of  typhoid  ])atients,  foiuul 
that  the  amount  pre.sent  in  the  sjdenic  pulp,  ?>.  where  bacilli  abound,  was 
le.ss  than  in  the  circnlatoiy  bhiod  in  which  bacilli  do  not  e.xist.  Similarly, 
with  regaifl  to  op.sonins,  Sir  A.  E.  Wi'ightand  Capt.  Douglas  (37.3)  found 
that  the  fluirl  of  pus  had  less  op.sonic  (juality  than  the  blood-](lasnia. 
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The  Perpetuation  of  Acquired  Increased  Phagocytic  Capacity. 

An  aspect  of  the  phagocytic  hypothesis  to  which  we  have  not  yet  alluded 
is  that  relating  to  the  mechanism  by  which  the  positively  chemiotactic 
inflirence  developed  in  phagocytes  may  be  perpetuated  in  the  organism. 
It  is  evident  that  if  acquired  immunity  depends  on  the  possession  by 
phagocytes  of  powers  which  formerly  they  did  not  manifest,  a perpetua- 
tion of  these  powers  must  be  provided  for  in  order  to  account  for 
an  immunity  persisting  in  many  cases  for  years.  It  is  very  unfor- 
tunate in  this  connexion  that  the  natural  diseases  of  man  in  which 
immunity  appears  most  durable,  such  as  scarlet  fever,  measles,  and  small- 
pox, are  precisely  those  diseases  whose  causal  agents  are  entirely  unknown. 
It  is  thus  easy  to  overstate  the  prevalence  of  immune  individuals  as  a 
factor  in  the  sociology  of  the  race.  Thus  in  many  human  diseases  when 
occurring  naturally,  such  as  staphylococcus  and  streptococcus  infections, 
diphtheria,  influenza,  pneumonia,  protection  conferred  by  an  attack  is 
either  non-existent  or  is  very  short-lived.  As  a scientific  truth,  however, 
the  persistence  of  immiinisation  is  well  established.  In  connexion  with 
a purely  phagocytic  hypothesis  there  are  several  difficulties  to  be  faced. 
If  the  influences  which  transform  the  indifferent  attitude  of  a leucocyte 
into  a tendency  to  move  towards  an  invading  bacterium  are  wholly  within 
the  leucocyte  itself,  then  the  chemiotactic  tendency  Avill  die  with  the 
leucocyte.  We  do  not  know  the  duration  of  the  life  of  a leucocyte,  but 
we  do  know  that  leucocytes  are  constantly  being  destroyed  in  the  bod}^ 
especially  in  the  spleen.  This  wastage  must  lead  to  the  phagocytes 
circulating  in  the  blood  at  any  particular  moment  gradually  disappearing 
from  the  body.  A¥ith  regard  to  the  important  microphagcs  or  polymorpho- 
nuclear leucocytes,  there  is  no  evidence  that  they  possess  proliferative 
capacity,  and  they  are  therefore  incapable  of  handing  on  to  their  successors 
in  the  body  any  (quality  which  they  themselves  have  acquired  in  their 
adult  existence,  AVith  regard  to  the  macrophage  circulating  leucocytes 
and  the  macrophage  extravascular  phagocytes,  especially  such  cells  as  form 
the  endothelial  lining  of  blood-vessels,  lymph-vessels,  spleen-pulp  sinuses 
or  lymph-sinuses,  we  cannot  speak  with  any  definiteness  ; we  do  not  know 
their  life -history.  The  difficulty  of  the  situation  can  be  sufficiently 
realised  from  what  has  been  said  regarding  the  important  microphage 
cells.  However  perfectly  phagocytic  they  may  become,  there  is  no 
mechanism  known  by  which  their  qualities  can  be  preserved  for  the  use 
of  the  body,  nor  do  we  know  of  any  mechanism  liy  vdiich  effects  produced 
on  a few  cells  of  the  body  can  be  reflected  in  a change  in  the  constitution 
of  all  the  fluids  of  the  body. 

In  this  connexion,  however,  there  is  one  point,  hitherto  but  little 
recognised,  which  was  considered  in  some  detail  in  connexion  with  the 
pathogenetic  effects  of  bacteria,  namely,  that  the  local  chemiotjixis  of  leuco- 
cytes from  the  vessels  in  the  neighbourhood  of  a focus  of  bacterial  growth 
is  only  a part  of  a general  process  which  manifests  itself  in  every  severe 
infection,  and  in  which  a general  stimulation  of  the  phagocytic  tissues 
of  the  body  occurs.  AVe  have  seen  how,  in  the  course  of  this  process. 
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there  is  not  only  a draining  of  the  cells  from  these  tissues,  especially  from 
the  marrow  of  bone,  but  that  there  is  evidence  of  active  cellular  prolifera- 
tion in  all  parts  of  the  body  where  phagocytes  can  be  formed.  The 
significance  of  this  phenomenon  cannot  as  yet  be  realised,  nor  shall  Ave  be 
in  a position  to  understand  it  till  our  views  of  the  part  played  by  actual 
phagocytosis  are  less  nebulous  than  they  are  at  present.  We  recognise 
that  a reaction  occurs  Avhich  not  only  involves  activity  on  the  part  of 
cells  whose  life-course  ma}’’  be  nearly  run,  as  is  probably  the  case  Avith 
the  polymorphonuclear  leucocytes,  but  that  an  impression  is  made  on  the 
germinating  capacities  of  practically  all  the  phagocytic  tissues  of  the 
body.  This  opens  up  the  Avay  for  a permanence  of  function  being  im- 
pressed on  the  cells,  Avhich  may  not  come  into  functional  existence  till  a 
long  period  after  the  actual  infection  has  elapsed.  The  diseases  in  Avhich 
the  general  reactive  phenomena  have  been  most  carefully  studied  Avould 
be  classed  in  the  group  Avhere  actual  phagocytosis  has  been  found  by 
Sir  A.  E.  Wright  to  be  extremely  prominent;  but  if  the  phagocytes 
play  a passive  part,  it  Avill  be  difScult  to  assign  to  the  process  a 
causal  connexion  AA-ith  the  perpetuation  of  immunity.  It  remains  to  be 
seen  whether  it  is  not  precisely  in  those  cases  in  which  actual  phagocytosis 
is  essential  to  the  death  of  the  bacteria  that  immunity  is  most  fleeting. 
In  natural  streptococcus  infection  in  man,  and  also  in  pneumonia — two 
of  the  diseases  in  question — there  is  little  doubt,  as  has  already  been 
noted,  that  the  immunity  acquired  is  very  transitory.  Evidence  bearing 
on  this  point  will  appear  in  the  section  on  therapeutics  iyide  p.  171). 

Phagocytosis  in  relation  to  the  Constituents  of  Serums. — Just 
as  in  the  case  of  the  antitoxins  it  AA^as  important  to  inquire  as  to 
the  probable  sites  of  their  foimation,  so  it  is  natural  that  the  same 
question,  though  one  of  greater  complexity  and  difficulty,  should  be 
asked  with  regard  to  bactericidal  bodies  Avhen  such  are  found  in  the 
serum.  As  has  been  sheAAm,  it  is  still  impossible  to  be  certain  of  the 
relatiA'e  importance  of  intracellular  and  extracellular  processes  in  the 
destruction  of  bacteria  and  the  rise  of  immunity.  In  certain  cases  the 
bactericidal  substances  may  be  Avholly  confined  to  the  cells  and  neA'er 
pass  out  into  the  body-fluids,  neither  under  normal  conditions  in  the  body 
nor  in  these  fluids  Avhen  they  are  removed  from  the  body;  this  may 
occur  in  the  aiae  of  staphylococcus  infection,  both  in  a normal  and  in 
an  immunised  animal.  A parallel  is  found  in  the  case  of  the  ferment 
by  Avhich  the  yeast  organism  transforms  sugar  into  alcohol.  In 
ordinary  circumstances  this  ferment  never  leaves  the  protoplasm  of 
the  yea.s^cell ; it  is  only  by  the  most  thorough  trituration  and  expression 
under  great  pressure  that  it  can  be  obtained  in  a frankly  fluid  form  (54). 
.\gain,  in  other  cases,  as  Avith  typhoid  and  cholera,  both  in  the  ordinary 
anfl  the  immuni.scd  animal,  bactericidal  substances  appear  in  the  serum, 
and  the  question  arises  avIi ether  they  arc  also  present  in  the  plasma.  It  is 
to  the  source  of  these  substances  that  our  inquiries  naturally  turn  ; but 
the  question  is  at  present  very  cotn[)licai,ed,  since  most  of  the  results 
available  are  coloured  by  the  supposition  that  in  evei'v  case  Avhere 
VOL.  IJ.— Kf.  I L 
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bacteria  are  destroyed  in  the  body  bactericidal  qualities  appear  in  the 
serum,  whether  or  no  these  qualities  have  been  assigned  by  the  observer 
also  to  the  plasma.  Wc  have  no  doubt  in  the  cases  of  cholera  and 
typhoid  infections,  and  also  in  the  cases  of  hfemolytic  serums,  that  bacteri- 
cidal and  bacteriolytic  or  hmmolytic  substances  are  found  in  the 
scrum  in  vitro.  It  might  be  thought  easy  to  confine  our  attention  to  the 
work  done  in  relation  to  these  serums,  but  unfortunately  the  records  are 
complicated  with  observations  relating  to  other  morbid  processes,  such  as 
infection  by  the  pyogenetic  cocci,  which  in  the  light  of  recent  results 
are  exceedingly  difificult  to  interpret.  In  attempting  to  give  a brief 
account  of  the  work  done  we  must  recognise  that  very  little  in  the  shape 
of  definite  knowledge  has  been  attained,  and  it  is  very  desirable  that 
many  of  the  experiments  should  be  repeated  with  modern  methods.^ 
Metchnikoff,  as  has  been  pointed  out,  assigns  bactericidal  properties 
when  they  occur  in  serums  to  intracellular  ferments  {cytases)  escaped  from 
the  phagocytic  cells  in  which  they  Avere  formed.  Generally  speaking,  the 
bactericidal  bodies  are  in  such  a Anew  looked  upon  as,  if  not  identical 
Avith,  at  any  rate  belonging  to,  the  same  group  of  bodies  as  the  intra- 
protoplasmic  proteolytic  ferments.  As  Ave  have  seen,  Metchnikoff  Avas 
led  into  this  position  by  the  comparative  method  of  his  research,  in 
Avhich  a consideration  of  the  methods  of  digestion  of  food  particles  by 
the  loAA'er  invertebrata  led  up  to  the  defence  against  invasion  by  parasites 
being  correlated  with  ordinary  metabolic  activity.  Nevertheless,  he  seems 
to  incline  to  the  idea  that  there  are  varieties  of  fermentative  substances 
acting  in  the  same  Avay  tOAvards  the  same  I’esult,  for  he  differentiates 
betAveen  the  ferments  of  the  macrophage  cells,  Avhich  he  names  macro- 
cytase,  and  those  of  the  microphage  cells,  which  he  denominates  micro- 
cytase.  In  dealing  Avith  the  components  of  hmmolytic  serums  Ave  have  noted 
certain  difficulties  lying  in  the  Avay  of  accepting  the  analogies  of  haemo- 
lytic action  Avith  ordinary  proteolytic  fermentation.  Whatever  the  nature 
of  Iractericidal  action,  Metchnikoff  considers  the  phagocytic  cells  to 
constitute  the  source  of  bactericidal  elements  appearing  in  a serum. 
This  standpoint  has  been  taken  up  by  many  observers,  Avith  the  Anew 
of  attempting  to  harmonise  the  humoral  and  phagocytic  conceptions 
of  immunity.  Dr.  Hankin  (144),  for  instance,  from  experiments  Avith 
the  bactericidal  qualities  especially  of  rabbit  serum  tOAvards  the 
Vibrio  Metchnikovi  traced  these  qualities  to  the  shedding  of  material 
from  the  eosinophil  leucocytes.  This  he  founded  on  the  observation 
that  appearance  of  an  increase  in  the  bactericidal  power  of  the  serum 
Avas  accompanied  by  an  apparent  loss  of  granulation  in  the  leucocytes. 
These  results  have  been  subjected  to  criticism  Avhich,  to  a certain  extent, 
is  justified,  since  Ave  are  not  in  a position  to  define  the  homologies 
of  the  eosinophilous  cells  in  the  different  higher  A'ertelirativ,  and  thus 
cannot  assign  functions  to  these  cells  as  they  occur  in  man  on  the 
strength  of  observations  made  on  another  animal.  No  one,  hoAvever,  can 

* For  a full  account  of  tlie  subject  .111(1  an  excellent  bibliography  the  reader  is  referred  to 
a paper  by  Dr.  Bulloch  (56). 
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take  into  account  the  marked  weakness  of  phagocytic  capacity  in  human 
eosinophils,  and  the  diihculty  of  thus  assigning  them  a function  in  a 
purely  phagocytic  scheme,  without  desiring  the  question  to  be  recon- 
sidered in  the  light  of  modern  knowledge.  Buchner,  who  at  first  looked 
on  the  alexic  power  of  the  blood-serum  as  evidence  against  a phagocytic 
hypothesis,  ultimately  (52)  came  to  believe  that  the  alexins  were 
derived  from  the  leucocytes.  This  opinion  was  based  on  the  artificial 
leucocytosis  caused  by  the  injection  into  the  pleural  cavity  of  the  rabbit 
of  wheat-gluten.  Buchner  found  that  when  the  exudation  was  frozen 
and  thawed  so  as  to  kill  and  break  up  the  leucocytes,  the  fluid  of  the 
exudate  was  much  more  powerfully  bactericidal  than  the  blood-serum  of 
the  animal.  Like  the  latter,  the  exudate  lost  its  bactericidal  capacity 
on  being  heated  to  55°  C.  These  results  were  confirmed  by  Hahn  (140), 
working  with  B.  typhosus,  B.  coli,  and  Vibrio  cholerce ; and  this  observer 
further  found  that  when  a hyperleucocytosis  was  induced  in  an  animal, 
as  can  be  done  by  the  injection  of  nuclein,  the  bactericidal  power  of  the 
blood-serum  towards  the  B.  coli  was  raised.  A similar  fact  was  observed 
in  man  in  the  hyperleucocytosis  which  follows  the  therapeutic  use  of 
tuberculin.  Some  of  the  earlier  results  are  interesting  from  the  point 
of  Hew  of  the  recent  work  on  opsonins  (cf.  Denys  and  Leclef  (84)). 
Dr.  Ainley  Walker  (340)  observed  that  during  the  first  few  hours 
after  blood  was  removed  from  an  animal  immune  against  typhoid,  a 
rise  in  the  amount  of  complement  present  in  the  serum  was  observable, 
and  from  this  he  concludes  that  the  thermolabile  element  has  its  origin 
in  the  leucocytes  of  the  blood.  This  is,  of  course,  the  view  of 

^letchnikoflf,  who,  as  we  have  seen,  holds  that  complement  only  appears 
in  parts  of  the  body  containing  cells  capable  of  undergoing  phagolysis. 
With  regard  to  animals  immunised  against  cholera,  Pfeiffer  and  Marx 
(280)  could  not  find  any  evidence  that  the  leucocytes  of  the  blood  or 
of  a gluten-casein  hyperleucocytosis  shewed  greater  activity  in  jjrotect- 
ing  guinea-pigs  against  a minimal  lethal  dose  of  the  living  vibrios 
than  the  general  blood-serum.  They  found  that  such  jDrotective 
properties  were  exhibited  in  the  most  marked  form  by  the  spleen,  the 
bone-marrow,  and  the  l)fmph-glands.  Similar  results  were  obtained  for 
typhoid  by  Wassermann  (346). 

In  support  of  this  view  are  the  experiments  of  Gengou  (135),  who 
obtained  a polymorphonuclear  hyperleucocytosis  by  Buchner’s  method 
of  injecting  gluten-casein  into  the  pleural  cavity  of  the  rabbit,  the 
exudate  being  removed  on  the  day  following  the  injection.  If  three 
or  four  days  were  allowed  to  elapse  before  the  exudate  was  removed, 
75  per  cent  of  the  cells  yucsent  were  mononuclear  phagocytes.  Work- 
ing with  B.  tt/j)ho8u^  and  the  Vil/rio  cholerce,  he  found  evidence  that 
bactericidal  action  was  present  in  a bouillon  extract  of  tlie  polyunorpho- 
nnclear  cells.  No  bactericidal  action  was  exerted  on  B.  coli,  and  the 
extract  of  the  mononuclear  cells  had  no  action  on  any  of  the  bacteria 
employed.  Again,  Laschtschenko  (17'J)  found  that  though  neither 
inactivated  normal  rabbits  nor  rlog- serum  had  any  marked  bactericidal 


SyST£M  OF  MEDICINE 


14S 


action  on  the  Staphylococcus  pyogenes  aureus,  yet  when  rabbit’s  cor- 
puscles were  digested  with  the  former  and  the  latter  added,  then  a 
bactericidal  effect  was  produced ; from  this  he  concludes  that  a substance 
complementary  for  an  immune  body  in  the  dog’s  serum  is  contained  in 
rabbit  corpuscles.  Tiomsdorff  is  of  opinion  that  this  can  be 
excreted  by  the  corpuscles  while  still  in  a living  condition.  In  opposi- 
tion to  such  results,  Petrie  (270),  tvho,  using  the  gluten-casein  method, 
washed  the  leucocytes  free  from  serum  and  ground  them  up  with  sand 
at  the  temperature  of  liquid  air — a temperature  which  docs  not  destroy 
ordinary  serum  alexin — could  not  obtain  any  evidence  of  a bactericidal 
power  on  B.  typhosus  or  B.  coli  in  the  extract  of  the  leucocytes,  nor  had 
they  apparently  any  power  to  complement  inactivated  cell-free  exudate ; 
nor  could  they  complement  inactivated  typhoid  immune  serum  so  as  to 
make  it  bactericidal  to  typhoid  bacilli.  This  was  true  both  of  ordinary 
and  of  immune  animals.  Further,  Petrie  could  not  find  any  evidence 
that  the  cells  of  the  spleen  of  the  rabbit  could  supply  the  place  of 
the  complement  of  the  serum,  or  that  any  complement  was  present  in 
the  spleen,  liver,  or  suprarenals.  These  results  are  in  agreement  with 
similar  experiments  of  Ascher  working  with  cholera.  In  the  face 
of  these  contradictory  results  it  is  impossible  for  us  to  arrive  at  any 
result  as  regards  the  probable  source  of  the  bactericidal  elements  when 
such  occur  in  the  blood-serum. 

Nor  can  any  more  definite  knowledge  be  attained  wth  regard  to  the 
sources  of  the  constituents  of  luemolytic  serums.  Metchnikoff  inclines  to 
the  view  that  the  macrophages  are  more  concerned  in  the  englobment  of 
foreign  cells,  such  as  blood-corpuscles,  than  the  microphages,  which  deal 
rather  with  Ijacteria,  although  he  admits  that  exceptions  occur.  Adopt- 
ing this  idea,  Tarassevitch  (321)  investigated  the  properties  of  emulsions 
of  the  organs  containing  the  macrophages  in  greatest  number,  namely,  the 
great  omentum,  the  lymph-glands,  and  the  spleen.  He  found  that  such 
extracts  were  hsemolytic  to  the  red  corpuscles  of  birds.  A greater 
degree  of  haemolytic  action  was  obtained  if  to  the  mixtures  an  appro- 
priate immune  serum  (inactivated  by  heat)  Avere  added.  1 he  emulsion 
thus  probably  contained  a complementary  body  (macrocytase)  with  an 
insufficient  amount  of  immune  body.  The  action  of  the  emulsion  was 
generally  lost  by  heating  at  o5°  C.,  but  TarasseAutch  notes  that  in  certain 
cases  a degree  of  resistance  to  heat  Avas  manifested.  These  macrophage 
emulsions  had  no  bactericidal  eftect,  and,  on  the  other  hand,  emulsions 
of  bone-marroAv  tested  by  this  author— Avhich  Avould  probably  contain  a 
greater  amount  of  microcytase  — sheAved  no  haemolytic  action.  Tliese 
results  have  been  criticised  by  Korschun  and  Morgenroth,  Avho 
shook  the  organs  up  with  sand,  and  centrifuging  off  the  debi-is  tised  the 
separated  fluid.  Three  objections  are  raised  : in  the  first  place,  Avhen 
the  extract  of  an  organ  is  haemolytic  the  corpuscle-dissolving  substances 
are  much  more  resistant  to  heat  than  the  constituents  of  an  ordinary 
haemolytic  serum  ; secondly,  no  bodies  of  the  nature  of  zwischenkorper 
can  be  isolated  by  the  methods  ordinarily  employed  for  this  purpose  ; 
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ihii-clly,  when  injected  into  animals  the  extracts  do  not  give  rise  to  the  anti- 
bodies protinced  by  the  injection  of  the  constituents  of  innnnne  serums. 
With  regard  to  the  heat-resisting  qualities  of  organ-extracts,  it  may  be 
said  that  Lowit,  working  Avith  leucocytes  ground  up  Avith  glass-poAvdei-, 
had  obtained  evidence  that  here  also  the  bactericidal  substances  extracted 
stood  a higher  temperature  Avithout  injury  than  the  constituents  of 
an  ordinary  bactericidal  serum.  This  result  has,  hoAvever,  been  denied 
by  Schatteufroh.  With  regard  to  the  possible  relationship  of  the 
mononuclear  leucocytes  to  the  formation  of  immune  body,  Di-.  Bulloch 
(56)  made  blood-coiuits  in  rabbits  during  immunisation  Avith  ox-blood, 
and  at  the  same  time  tested  the  hsemolytic  power  of  the  serums.  He 
foimd  that  Avhen  the  immune  body  begins  to  appear  in  the  serum  there 
is  a rise  in  the  mononuclear  leucocytes,  and  that  fluctuation  in  the 
number  of  these  cells  Avas  correlated  Avith  fluctuation  in  the  ambocejAtor 
content  of  the  serum. 

Though  the  results  of  these  researches  on  the  possible  sources 
of  the  constituents  of  bactericidal  and  haemolytic  serums  produce,  on 
the  AA'hole,  a very  confusing  impression,  the  general  result  must  be 
to  incline  to  the  Anew  that  sometimes  the  cells  classed  by  Metchni- 
koff  as  phagocytes  have  a connexion  with  the  origin  of  the  serum 
constituents.  These  cells  can  manifest  in  their  protoplasm  the  bactericidal 
and  bacteriolytic  processes  under  consideration,  and  as  there  is  no  reason 
to  suppose  that  in  this  particular  case  the  cellular  protoplasm  acts  other- 
Avise  than  through  chemical  agents,  and  as  chemical  agents  are  concerned 
in  the  two  corresponding  extracellular  actions,  it  is  natui’al  to  suppose  that 
the  intracellular  action  depends  on  the  presence  of  the  same  substances 
as  the  extracellular,  and  that  hence  the  substances  found  extracellularly 
have  been  manufactured  Avithin  the  cells  Avhich  manifest  the  same 
actions.  This,  however,  can  at  present  be  looked  on  as  little  more  than 
an  a frir/ri  probability,  supported  indirectly  by  certain  facts.  We  are 
not  in  a position  to  say  more,  and  the  difficulties  of  elucidating  the 
problems  at  issue  seem  very  great.  One  of  these  difficulties  may  be 
that  the  substances  within  the  cells  may  exist  there  in  a preliminary 
form,  as  Ls  true  of  the  similar  case  of  the  ordinary  digestiAm  ferments  of 
the  jiancreas.  This  possibility  has  been  recognised  by  Petrie,  but 
evidence  bearing  on  the  point  Avas  sought  for  by  him  Avithout  success. 
We  must  ever  bear  in  mind,  in  connexion  A\dth  the  Avhole  question,  that 
we  knoAv  nothing  of  how  any  of  the  constituents  of  the  ordinary  blood- 
plasma  are  formed.  In  conclusion  here,  it  may  be  remarked  that  on  the 
whole  question  of  the  origin  of  the  constituents  of  immune  serums  Ehi'lich 
and  his  school  are  silent.  The  only  reference  to  the  subject  is  to  bo  found 
in  a remark  by  Ehrlich,  in  Avhich  he  quotes  Avith  a]iproA'al  an  experiment 
of  F'feiffer  and  Marx,  in  Avhich  during  immunisation  against  cholera,  at 
a time  Avhen  no  protective  substance  w;is  present  in  the  serum,  such 
•substances  Avere  found  in  saline  extracts  of  the  organs. 

Phagocytosis  in  reiation  to  Immunity  against  Toxins. — It  Avill 
have  i>een  recogni.sed  that  Motchnikoff’s  phagocytic  hyf)othcsis  is  chiefly 
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based  on  the  investigation  of  cases  of  bacterial  invasion  and  of  immunity 
against  such  invasion.  It  may  be  asked  what  attitude  the  upholders  of 
the  phagocytic  hypothesis  adopt  towards  immunity  against  toxins  and 
towards  antitoxin-formation.  ■ In  speaking  of  the  interactions  of  toxins  and 
antitoxins  we  have  taken  up  a position  of  reserve  with  regard  to  the  part 
played  by  antitoxin-formation  in  the  recovery  from  intoxication,  and  we 
have  indicated  that  if  cells  sensitive  to  toxins  be  looked  on  as  the  sources 
of  antitoxin,  several  antagonistic  facts  must  be  accounted  for.  The  most 
important  of  these  facts  is  the  hypersensitiveness  to  toxin  injection,  shewn 
by  Behring  to  occur  in  some  animals  which  yet  possess  a definitely  anti- 
toxic serum.  Metchnikolf  has  emphasised  the  importance  of  this  occur- 
rence when  interpreted  to  mean  that  cells  receptive  for  toxins  may  exist 
in  the  Ixidy  of  an  animal  where  antitoxin-production  is  going  on  notwith- 
standing the  sensitiveness.  He  looks  on  it  as  indicating  that  these 
sensitive  cells  are  not  the  sources  of  the  antitoxin-formation.  While  not 
in  possession  of  facts  directly  bearing  on  a solution  of  the  difficulties,  he 
draws  attention  (237,  p.  43)  to  the  frequency  of  leucocytosis  in  animals 
subjected  to  bacterial  intoxication,  especially  when  the  dose  of  toxin 
administered  is  sub-lethal.  He  also  di’aws  attention  to  the  work  of 
Calmette  (66)  on  the  action  of  atropine  on  the  rabbit.  The  rabbit  is 
very  insensible  to  the  action  of  this  poison,  but  Calmette  found  that 
the  hundredth  part  of  a dose,  which  it  can  tolerate  without  effect  when 
introduced  into  the  circulation,  will  produce  marked  symptoms  if  injected 
inti’acerebrally.  In  further  experiments  he  injected  a large'  dose  of 
atropine  intravenously,  and,  after  bleeding  the  animal,  separated  by  cen- 
trifugation the  red  and  white  corpuscles  from  the  plasma.  On  injecting 
moieties  of  the  different  elements  into  the  central  nervous  system  of  other 
rabbits  he  found  that  the  part  containing  the  leucocytes  was  most  toxic. 
The  interpretation  put  on  this  experiment  by  Metchnikolf  is  that  the 
atropine  had  been  taken  up  by  the  leucocytes,  and  that  these  protect  the 
other  cells  of  the  body.  On  this  analogy  he  evidently  inclines  to  the 
opinion  that  in  bacterial  intoxication,  as  in  bacterial  invasion,  the  leucocytes 
probably  play  a predominant  part  in  recovery,  and  as  immune  bodj'  and 
complement  are  probably  produced  by  phagocytes,  it  is  possible  that  these 
also  are  the  sources  of  antitoxins. 

The  Phenomenon  of  Agglutination 

So  far  nothing  has  been  said  regarding  a phenomenon,  often  observed 
during  the  action  of  a bactericidal  serum,  which  goes  under  the  name 
of  agglutination.  This  phenomenon  can  be  observed  within  a few 
minutes  of  the  introduction  of  bacteria  into  an  appropriate  serum.  ^ In 
such  circumstances  the  individual  bacteria  are  at  first  uniformly  distri- 
buted through  the  fluid,  and  if  they  happen  to  belong  to  a motile 
speeies  active  movements  are  exhibited.  In  a very  short  time,  however, 
a change  is  seen,  which  consists  in  the  bacteria  becoming  massed  together 
in  clumps  of  varying  size,  and  if  the  reaction  be  great  in  degree  no  free 


THE  GENERAL  PATHOLOGY  OF  INFECTION 


151 


biicteria  remain.  If  motility  has  been  present  this  is  no  longer  exhibited, 
and,  generally  speaking,  the  outlines  of  the  bacterial  cells  are  no  longer  so 
distinct  as  before.  This  last,  however,  may  be  due  to  the  commencement 
of  the  bacteriolytic  action  of  the  serum.  The  agglutinative  phenomenon 
has  long  been  recognised  as  occurring  not  only  with  bacteria  but  with  red 
blood-corpuscles  in  appropriate  serums.  In  the  earlier  work  on  immune 
serums  it  was  looked  upon  as  an  integral  part  of  the  bactericidal  action,  and 
in  many  of  the  papers  with  which  we  have  had  to  deal  this  is  the  attitude 
taken  up.  For  the  sake  of  clearness  we  have  not  alluded  to  the  obser- 
vations made,  as  it  is  possible  that  the  agglutinating  properties  of  a 
serum  are  independent  of  any  others  that  it  may  possess. 

In  his  early  work  on  the  lysis  of  the  cholera  ^dbrio  by  an  immune 
serum,  Pfeiffer  (271,  281,  272)  noted  agglutination  as  a part  of  the 
phenomenon  associated  vuth  his  name.  Attention  was  not  actively  called 
to  the  importance  of  the  occurrence  till  after  the  researches  (in  1896)  of 
Gruber  and  Dui'ham  (138)  on  the  properties  of  cholera  and  typhoid 
immune  sera,  and  the  subsequent  work  of  Widal  on  the  recognition 
of  the  presence  of  agglutination  in  human  serum  as  a reason  for  diagnosing 
the  presence  of  a typhoid  infection.  Since  that  time  onwards  the  problem 
of  agglutination  has  taken  its  place  with  other  problems  relating  to  im- 
munity. The  phenomenon  of  agglutination  of  the  causal  bacteria  of  an 
immune  serum  has  been  found  to  be  very  common.  Thus,  in  many  natural 
infections  besides  typhoid  fever  the  serum  of  the  sick  individual  has  the 
power  of  agglutinating  or  “clumping”  (as  it  is  often  called)  the  causal 
bacterium.  This  is  true  of  many  cases  of  bacterial  dysentery,  glanders, 
plague,  tuberculosis,  Malta  fever,  and  cholera,  and  also  to  a certain  extent 
of  diphtheria,  streptococcus  and  staphylococcus  infections.^  Agglutination 
is  also  a ver}-  constant  property  of  the  immune  serums  which  may  be  pro- 
duced in  animals  by  the  various  bacteria  concerned  in  these  diseases.  It 
can  also  very  constantly  be  elicited  in  the  various  hmmolytic  serums. 

Agglutination  in  Normal  Serums. — The  serums  of  normal  men  and 
animals  often  exhibit  agglutinating  properties  towards  many  bacteria. 
Thus  in  the  case  of  man,  many  normal  individuals  agglutinate  the 
b.  typhosus,  the  Vibrio  cholem,  and  the  dysentery  bacillus.  Generally 
speaking,  however,  a relatively  greater  degi’ee  of  concentration  is  required 
for  the  accomplishment  of  agglutination  than  is  the  case  when  the  capacity 
for  agglutination  appears  in  a sick  or  immunised  animal.  The  question 
has  arisen  as  to  whether  the  agglutinins  occurring  in  normal  serums  are 
Sjjecific  for  the  bacterium  agglutinated,  that  is,  whether  different  agglu- 
tinins are  concerned  in  the  agglutination  of  different  bacteria.  Boi'det 
(37)  ol>scrved  that  ordinary  horse -serum  agglutinated  both  the  B. 
tyjihosus  and  the  Vibno  cholene.  On  adding  cholera  vibrios  in  sufficient 
quantity  to  such  a serum  and  centrifuging,  the  serum  lost  its  capacity 

* Con.«ifleraticms  of  space  have  rendered  it  quf^e  impo.ssildo  to  go  in  detail  into  the 
nnmerou.s  questions  raised  in  connexion  with  agglutination.  Only  a general  treatment  of 
the  subject  Is  possible  ; on  the  more  special  questions  the  results  of  I’altauf’s  work  have  been 
accepted,  and  for  further  information  the  reader  is  referred  to  his  paper  (200). 
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of  clumping  the  cholera  organism,  but  retained  the  property  towards  the 
typhoid  bacillus.  Similarly  on  treating  such  a serum  with  B.  typhosus  it  lost 
its  capacity  of  clumping  this  bacillus,  but  could  still  clump  the  cholera 
vibrio.  It  thus  appears  as  if  a certain  specificity  existed  in  the  natural 
agglutinins.  Whether  the  natural  agglutinins  in  a serum  which  act  on  a 
particular  bacterium  are  identical  with  the  agglutinins  which  may  by 
immunisation  be  produced  in  the  same  animal  by  injecting  the  bacterium, 
is  a question  which  cannot  be  said  to  be  settled.  It  may,  however,  be 
said  that  slight  differences  have  been  found  to  exist. 

Agglutination  in  Immune  Serums. — What  Paltauf  has  called  immune- 
agglutinins  can  be  produced  in  animals  by  the  injection  of  living  or  dead 
bacteria.  Frequently  a very  small  dose  of  the  infective  material  will  give 
rise  to  a serum  of  high  agglutinating  capacity.  The  course  of  the 
reaction  is  that  the  agglutinative  power  begins  to  appear  from  the 
third  to  the  sixth  day  after  a single  injection,  but  may  be  delayed  con- 
siderably beyond  this  period.  The  course  of  the  reaction  has  been 
studied  by  Jorgensen  and  Madsen.  These  observers  found  that  for 
two  or  three  days  after  injection  there  was  little  or  no  effect  produced  in 
tlie  serum ; if,  however,  an  animal  previously  treated  and  possessing  a 
slightly  agglutinating  serum  was  used,  then  a fall  in  the  agglutinating 
capacity^  was  usually  observed  on  the  day  succeeding  the  fresh  inoculation. 
After  the  preliminary  phase  there  was  a rapid  rise  in.  agglutinative 
capacity  till,  after  four  to  six  days,  a high  maximum  was  reached.  This 
was  succeeded  by  a fairly  rapid  fall,  during  which  in  a few  days  the  serum 
might  lose  half  its  potency.  After  this  came  a period  shewing  a gradual 
progressive  fall  in  agglutinating  power.  A curious  point  of  great 
theoretical  interest  came  out  in  these  researches,  namelyq  that  if  instead  of 
a single  large  injection  of  the  infective  agent  a number  of  small  daily 
injections  were  practised,  the  same  phases  of  reaction  were  observed. 
There  was  a maximal  effect  produced  which,  however,  although  the  injec- 
tions were  still  going  on,  was  succeeded  by  a gradual  fall  in  the  agglutinat- 
ing power  of  the  serum.  Observations  of  a similar  kind  have  been  made 
by  Deutsch.  The  persistence  of  the  reaction  in  animals  may  be 
observed  up  to  at  least  a year  after  a single  inoculation,  and,  as  Weinberg 
has  shewn,  may  also  be  found  in  the  natural  infection  with  typhoid. 
Certain  observations  on  the  persistence  of  typhoid  bacilli  in  the 
gall-bladder  long  after  the  patient  has  recovered,  open  up  the  possibility 
that  in  such  cases  there  has  been  in  reality  a continuance  of  inoculation 
with  material  capable  of  giving  rise  to  the  production  of  agglutinins. 
There  is  also  no  doubt  that  very  great  individual  variations  may'  be  met 
with. 

The  Specificity  of  Immune-Agglutinins.- — The  question  of  the  specificity 
of  the  immune-agglutinins  has  given  rise  to  a great  deal  of  inquiry',  which 
has  been  specially  aroused  by  the  observation  that  the  serum  of  typhoid 
patients  has  been  sometimes  observed  to  clump  the  other  memhers  of  the 
great  group  of  bacilli  which  are  allied  to  the  B.  typhosus.  The  geneml 
result  has  been  to  establish  that  even  for  the  comparatively'  weakly' 
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aiTtrlutinatiug  serums  which  are  found  in  natural  infections,  and  still  more 
for  the  highly  agglutinating  serums  produced  iu  animals,  there  is  a sjjeci- 
ficity  of  action,  though  the  specificit}’^  is  not  absolute.  Thus  a typhoid 
serum  will  often  agglutinate  the  B.  coli,  Gaertner’s  bacillus,  the  bacillus 
of  psittacosis,  though  the  action  on  these  organisms  is  usually  much 
weaker  than  on  the  typhoid  bacillus.  From  another  aspect  the  specificity 
of  the  reaction  can  be  taken  to  be  so  marked  that  clumping  by  an  immune 
agglutinin  can  generally  be  accepted  as  evidence  that  in  a doubtful  case 
a particular  strain  of  a bacterium  is  to  be  grouped  as  belonging  to  the 
species  which  gave  rise  to  the  agglutinin.  There  is,  however,  as  Dr. 
Ainley  Walker  (336)  has  jjointed  out,  a specialisation  of  a serum  for  the 
particular  strain  of  the  bacterium  producing  it,  in  that  it  agglutinates 
that  strain  in  a greater  dilution  than  other  stains  of  the  same  species. 

Agglutination  in  relation  to  Immunity. — We  now  pass  to  consider 
the  question  of  the  relationship  of  agglutination  to  immunity.  As 
already  pointed  out,  the  agglutinative  and  baetericidal  properties  of 
immune  serum  were  at  first  supposed  to  be  aspects  of  the  action  of  one 
substance.  In  the  course  of  work  on  the  agglutinating  properties  of  the 
serum  of  tj'phoid  patients  it  was,  however,  observed  that  the  bactericidal 
properties  of  the  serum  were  frequently  not  proportional  to  the  agglutina- 
tion. A sermn  might  be  strongly  bactericidal  and  weakly  agglutinative, 
and  ^■ice  versa.  Similar  facts  were  observed  in  other  diseases.  Direct 
experiment  supported  the  view  that  agglutination  and  bactericidal  action 
in  an  animal’s  serum  were  due  to  difi'erent  substances.  Gengou  (134), 
working  with  dogs  immunised  against  anthrax,  foimd  that  an  animal  with 
a serum  of  gi-eat  agglutinating  power  might  not  be  so  resistant  to  infection 
as  one  with  a weakly  agglutinating  serum.  Further,  Brieger  and  Mayer 
(48)  found  that  rabbits  treated  with  an  extract  of  typhoid  bacilli  might 
e.xhibit  a strongly  agglutinative  serum,  which,  however,  had  no  higher 
bactericidal  properties  than  normal  serum.  Further  investigation  has 
shewn  that  the  action  of  an  agglutinating  serum  is  different  from 
that  of  a serum  in  which  immune  body  and  complement  are  present. 
Speaking  generally,  we  may  say  that  while  the  development  of  agglutinat- 
ing power  in  the  blood  of  an  animal  is  due  to  a reaction  set  up  by  the 
al.«orption  of  bacteria  by  the  animal’s  body,  that  reaction  is,  though  here 
we  speak  with  great  caution,  possibly  different  from  the  reaction,  also 
caiiserl  by  the  presence  of  bacteria,  which  re.sults  in  the  formation  of 
such  a substance  as  immune  body. 

The  Nature  of  the  Agglutination  Process. — If  we  now  proceed  to 
inquire  what  the  nature  of  the  agglutination  process  is,  we  find  there  are 
a number  of  facts  which,  while  not  furnishing  a complete  explanation  of 
the  phenomena,  yet  throw  light  on  their  nature. 

'ITie  Afjrjluliruihle  Substance  ami  the  Agglutinins. — Nicolle  was  one 
of  the  first  to  investigate  this  subject;  he  killed  cultures  of  the  B.  coH 
by  heat,  left  the  bodies  of  the  Ijacteria  to  macerate  in  the  culture 
mcflium,  anrl  then  pfissed  the  fluid  through  a Chamberland  filter.  On 
-vJding  to  this  fluid  (which  conriiined  oidy  the  juices  of  the  bacteria) 
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a little  of  a serum  capable  of  agglutinating  the  B.  coli,  he  obtained  a 
granular  precipitate,  microscopically  resembling  clumps  of  agglutinated 
bacilli.  This  reaction  was  specific  because  it  was  not  produced  in 
similar  filtered  extracts  of  other  species  of  bacilli.  If  powdered  talc 
were  present  in  the  mixture  of  bacterial  extract  and  serum  the  particles 
were  agglomerated  like  bacteria,  and  if  typhoid  bacilli  were  treated  with 
the  B.  coli  extract  they  became  agglutinable  by  a B.  coli  serum.  The 
bacterial  extract  was  fairly  resistant  to  heat,  withstanding  heating 
to  80°  C.  without  altei’ation.  (Eisenberg  and  Volk  found  that  the 
agglutinable  material  began  to  be  aSected  at  65°  C.,  but  did  not  entirely 
lose  its  230wer  at  170°C.)  If  old  bacteria  were  repeatedly  washed  with 
distilled  water  they  were  apt  to  lose  their  capacity  for  agglutination. 
Nicolle  found  similar  facts  to  be  true  of  the  reactions  of  other  bacteria 
with  their  corres2Donding  agglutinating  serums.  He  concluded  that 
agglutination  consisted  of  a coagulation  or  coalescence  of  the  outer 
layers  of  a microbe  under  the  influence  of  the  agglutinating  serum.  His 
results,  at  any  rate,  pointed  to  the  conclusion  that  the  specific  element 
of  the  serum  could  not  in  all  circumstances  act  on  bacteria,  but  that 
there  was  something  in  the  bacterial  cell  on  which  the  specific  action 
took  effect.  This  opinion  has  been  generally  accepted,  and  this  some- 
thing is  usually  referred  to  as  the  agglutinable  substance. 

Nicolle’s  work  has  been  extended  by  Joos  (150),  who  has  adduced 
evidence  for  believing  that  there  are  two  agglutinable  substances  in  the 
bodies  of  typhoid  bacilli, — differing  in  their  sensitiveness  to  heat.  One 
has  its  sensitiveness  to  agglutinin  action  affected  by  the  temperature  of 
60°-62°  C., — this  Joos  calls  a-agglutinogen, — while  the  other — /3-agglu- 
tinogen— Avill  withstand  this  temperature  without  change  for  several 
hours.  He  also  comes  to  the  conclusion  that  in  an  agglutinating  serum 
there  are  two  sorts  of  agglutinins : first,  what  he  calls  a-agglutinin, 
which  resists  heating  to  60°-62°  C.,  and  has  a more  special  affinity  for 
the  a-agglutinogen ; second,  ^-agglutinin,  which  has  a special  affinity  for 
/8-agglutinogen,  but  also  combines  with  a-agglutinogen.  Eisenberg  and 
Volk  also  investigated  the  properties  of  the  agglutinable  substance  and 
of  the  agglutinins.  They  have  brought  forward  experiments  to  support 
the  opinion  that  if  to  typhoid  emulsions  of  constant  strength  there  be 
added  serum  solutions  of  increasing  strengths,  while  there  is  an  increase  in 
the  absolute  amount  of  serum  absorbed,  there  is  a decrease  in  the  amount 
of  agglutinin  absorbed  relatively  to  the  amount  originally  present.  On 
the  basis  of  this  observation  Arrhenius  (8)  believes  that  the  union  of 
agglutinating  substance  and  agglutinin  is  reversible,  and  thus  corre- 
sponds to  what  he  and  Madsen  hold  occurs  in  the  case  of  the  union  of 
toxin  and  antitoxin.  Eisenberg  and  Volk  also  hold  that  the  phenomena 
of  diminished  agglutinability  in  heated  bacilli  are  due  to  the  complexity 
of  their  agglutinophore  affinities,  there  being  in  these  affinities  a thermo- 
stable gi’oup  which  fixes  the  agglutinin,  and  a more  thermolabile  group, 
changes  in  which  result  in  the  bacilli  tending  to  agglutinate.  Eisenberg 
and  Volk  have  further  brought  forward  facts  which  they  interpret  as 
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shewing  analogies  with  Ehrlich’s  general  views  regarding  the  constituents 
of  immune  serums.  Thus,  they  think  that  bacteria  can  fix  much  more 
agglutinin  than  is  actually  required  for  agglutination,  just  as  we  have 
seen  occurs  in  the  relationship  of  a htemolytic  immune  body  to  its 
lorpuscles.  Again,  they  hold  that  by  heating  agglutinins  a weakening 
of  the  essential  agglutinating  group  takes  place,  while  the  group  by 
which  the  agglutinin  is  attached  to  the  bacilli  may  be  unaffected.  They 
thus  assign  to  the  agglutinins  a constitution  analogous  to  that  of  the 
toxins,  and  the}"  would  call  the  weakened  agglutinins  agglutinoids. 
They  also  believe  that  some  of  these  agglutinoids  may  correspond  to 
Ehrlich’s  proto.xoids,  i.e.  though  by  heating  the  agglutinating  group  may 
be  weakened,  on  the  other  hand,  the  combining  group  may  be 
strengthened.  While,  generally  speaking,  the  work  of  Eisenberg  and 
Volk  tends  to  bring  the  agglutinins  into  line  with  the  other  anti-bodies 
investigated  by  the  Ehrbch  school,  it  is  right  to  mention  that  many  of 
these  results  have  been  strongly  criticised  by  Dreyer  and  Jex-Blake  (89). 
Thns,  in  relation  to  the  statement  that  heating  the  bacilli  diminishes  the 
sensitiveness  of  the  agglutinophore  group,  the  latter  observers  point  ont 
that  the  diminution  of  agglutinability  by  heat  is  not  uniform, — some- 
times in  an  agar  cnltm-e  prolonged  heating  restores  the  agglutinabilit}". 
What  is  more  important,  bacteria  derived  from  agar  cultures  are  much 
more  sensitive  in  this  respect  than  those  grown  in  bouillon.  They  think 
a partial  explanation  may  be  fotmd  in  the  fact  that  when  agar  cnltures 
of  B.  coli  (the  organism  with  which  they  chiefly  worked)  are  used, 
substances  are  formed  which  reduce  the  velocity  of  the  reaction  of 
agglutination.  Similarly,  in  regard  to  the  observations  which  Eisenberg 
and  Volk  adduce  as  proving  the  existence  of  the  agglutinoids,  Dreyer 
and  Jex-Blake  shew  that  the  phenomena  vary  according  as  bouillon  or 
agar  cultures  are  employed,  and  they  are  of  opinion  that,  though  no 
absolute  explanation  of  tbe  phenomena  can  at  present  be  given,  the 
appearances  can  be  partly  explained  by  the  occurrence  of  a considerable 
retardation  of  the  velocity  of  the  reaction  producing  agglutination. 

The  results  of  Eisenberg  and  Volk,  and  the  deductions  made 
therefrom  by  Arrhenius,  have  also  been  criticised  by  Craw  (75),  who 
found  that  the  formula  given  by  the  latter  observer  does  not  apply  to 
the  entire  range  of  agglutinin  solutions.  As  in  the  toxin -antitoxin 
e.xperiments  of  v.  Dungern,  he  finds  that  by  adding  a bacterial  suspension 
to  an  agglutinating  serum  in  parts,  more  agglutinin  is  removed  than 
when  the  whole  suspension  is  added  at  once,  and  he  concludes  that  here 
also  in  the  reaction  the  phenomena  of  adsorption  of  substances  in  the 
colloidal  condition  are  present.  In  relation  to  the  part  which  the 
colloidal  state  may  play  in  immunity  reactions  the  possibility  must  be 
lK>me  in  mind  that  the  apparent  amboceptor-phenomenon,  the  agglutina- 
tion-phenomenon, and  the  precij)itin-phenomenon  {tide  j).  158)  may 
not  in  refility  be  due  to  the  api)earance  of  dillerent  substances  in  the 
serum  of  an  immune  animal,  but  to  difl’erent  properties  being  po.ssessod 
by  a single  substance. 
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From  'the  very  brief  statement  of  restilts  thus  given  an  idea  can  be 
formed  of  the  complexity  of  the  issues  at  present  under  consideration. 

The  Effect  of  Salts  on  Agglutination. — A very  important  observation  has 
been  made  to  the  effect  that  the  agglutination  of  bacteria  is  closely  related 
to  the  saline  content  of  the  solution  in  which  the  reaction  is  taking 
place.  Bordet  (37)  shewed  that  if  the  salts  were  removed  from 
agglutinated  bacteria  by  washing  with  distilled  water  and  centrifugation, 
and  the  deposit  then  shaken  up  in  distilled  water,  the  clumps  were 
re-solved,  while  if  the  deposit  were  treated  with  sodium  chloride  solution 
the  clumps  were  re-formed.  Joos  (149)  has  investigated  the  subject 
further,  and  has  shewn  that  typhoid  bacilli  washed  with  distilled  water, 
or  bacillary  emulsions  from  which  the  salts  have  been  separated  by 
dialysis,  will  not  undergo  agglutination  when  brought  into  contact  with 
salt-free  agglutinin. 

From  what  has  been  said  it  will  thus  be  seen  that  three  elements  are 
concerned  in  agglutination : first,  a sensitive  substance  in  the  bacterium 
(agglutinable  substance,  agglutinogen) ; secondly,  an  active  substance  in 
a serum  (agglutinin) ; and  thirdly,  a suitable  saline  content  in  the 
mixtui’e.  The  various  hypotheses  advanced  to  account  for  the  actual 
mechanism  of  the  reaction  have  been  reviewed  by  Joos  (149).  The 
chief  are  those  of  Gruber,  Paltauf,  and  Bordet.  Gruber  believes  that 
the  bacteria  develoi^  a viscosity,  which  is  probably  brought  about  by  the 
agglutinin  causing  certain  substances  in  the  outer  parts  of  the  bacterial 
jjrotoplasm  to  become  insoluble.  This  causes  a roughness  of  the 
bacterial  surface  by  which  the  bacteria  adhere  to  one  another.  Paltauf 
considers  that  agglutination  of  bacteria  is  due  to  their  suspension  in  a 
precipitate  formed  by  the  interaction  of  the  agglutinin  on  certain 
substances  loosely  held  in  the  bacterial  protoplasm.  This  view  is  based 
on  the  observation  already  referred  to,  that  when  the  filtrate  of  an 
agglutinable  culture  is  heated  with  the  appropriate  agglutinin  a pre- 
cipitate occurs.  Bordet  looks  upon  agglutination  as  a simple  physicsd 
phenomenon  in  which  the  bacteria  are  quite  passive.  According  to  this 
opinion,  the  action  of  the  agglutinin  on  the  bacterium  in  the  presence  of 
salt  alters  the  molecular  relationships  of  the  bacteria  to  the  surrounding 
fluid  and  causes  agglutination.  From  what  is  known  regarding  tlie 
effects  of  alterations  in  surface -tensions  of  particles  placed  in  fluids,  it 
must  be  said  that  the  probabilities  are  in  favour  of  Bordet’s  opinion. 
In  this  connexion  we  would  refer  to  the  extremely  important  work  of 
Dr.  Ramsden  on  the  behaviour  of  solids  in  the  surface  layers  of 
solutions  and  suspensions,  the  farther  applications  of  which  will  probably 
be  found  to  throw  light  on  the  mechanism  of  bacterial  agglutination. 

Natural  Immunity 

At  the  beginning  of  the  section  on  immunity  it  was  pointed  out  that 
it  ivas  customary  to  classify  the  phenomena  observed  into  those  of 
natural  and  of  acquired  immunity.  As  the  latter  have  been  considered 
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;vt  length,  Ave  must  now  turn  to  the  former.  AV  e may  at  once  state  that 
as  investigation  proceeds  it  becomes  more  and  more  doubtful  whether  it 
is  justifiable  to  maintain  a distinction  between  the  two  forms.  Ihis  is 
the  outcome  of  the  realisation  that  the  apparent  dift'erences  which  have 
hitherto  formed  the  basis  for  the  distinction  are  probably  rather  differ- 
ences of  degree  than  of  kind.  That  indmdual  differences  in  suscepti- 
bility to  infectious  disease  exist  there  can  be  no  doubt,  as  is  proved  in 
practically  every  case  where  in  a series  of  animals  each  is  uioculated 
with  the  Si\me  dose  of  an  infective  agent.  Difierences  also  exist  in  the 
susceptibilitv  of  races.  Thus  a brown  rat  may  be  more  susceptible  to  an 
infection  than  a white.  In  man  much  was  formerly  made  of  such  racial 
difierences ; thus  the  Jewish  people  were  supposed  to  shew  insuscepti- 
bility to  tubercidosis,  the  white  races  to  plague,  and  many  negro  races 
to  syphilis ; but  all  these  examples  have  been  shewn  merely  to  depend 
on  difierences  in  the  degree  of  susceptibility.  When  we  consider  the 
subject  from  the  standpoint  of  what  happens  under  conditions  of  what  is 
called  natural  immunity,  this  becomes  most  apparent.  Thus  the  lower 
animals  appear  insusceptible  to  cholera,  and  man  appears  not  to  sufier 
from  cattle  plague ; but  when  experiment  is  substituted  for  observation, 
the  results  are  again  not  so  convincing.  Thus,  to  take  the  case  of  cholera, 
we  find  that  such  animals  as  the  guinea-pig  and  rabbit  are  extremely 
susceptible  to  the  causal  organism  when  it  is  introduced  intraperitoneally, 
and  when  special  methods  are  adopted  the  guinea-pig  even  succumbs  to 
infection  by  the  intestinal  tract.  The  application  of  the  experimental 
method  generally  has  rather  tended  to  demonstrate  the  relativity  of 
susceptibility.  Thus,  it  has  been  shewn  that  sometimes  an  animal 
insusceptible  to  an  ordinary  dose  of  a bacterium  will  succumb  when  an 
enormous  amount  be  administered ; sometimes  an  adult  animal  will 
apparently  be  naturally  immune  while  a young  individual  will  succumb 
to  infection ; sometimes  an  apparent  natural  immunity  can  be  broken 
down  if  the  metabolism  of  the  animal  be  upset,  for  example,  phloridzin 
poisoning  in  the  dog  renders  that  animal  capable  of  succumbing  to 
anthrax.  There  are,  however,  a few  cases  where  there  seems  to  be  a 
natural  immunity,  which  appears,  so  far  as  observation  has  gone,  to  be 
absolute.  Thus  Metchnikofi’  (237,  p.  342)  instances  the  case  of  the 
scorjiion,  into  which  a very  large  amount  of  tetanus  toxin  can  be 
injected  without  producing  any  pathological  effect,  and  without  any 
evidence  of  antitoxin  appearing  in  its  serum.  It  is  thus  possible  that 
toxins,  and  possibly  also  some  Ijacteria,  may  be  simply  inert  matter  so 
far  as  the  bwjily  cells  are  concerned,  but  it  is  probable  that  very  many  of 
the  cases  of  supposed  natural  immunity  are  merely  examples  of  a vciy 
high  degree  of  resistance.  So  far  as  the  controversies  that  have  raged 
round  the  explanation  of  the  jfiienomcna  have  gone,  the  questions  at 
i.ssne,  and  the  lines  taken  in  the  attempts  at  their  elucidation,  have  been 
.similar  to  those  concerned  in  the  exjfianation  of  the  recovery  of  a 
susceptible  animal  from  a disease,  and  in  the  development  of  immunity 
in  sucli  an  animal.  The  chief  points  at  issue  have  been  the  relative 
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parts  played  by  phagocytic  action  on  the  one  hand,  and  by  the 
bactericidal  action  of  the  serum  on  the  other.  As  the  investigation  of 
these  special  cases  of  high  natural  resistance  has  not  thrown  any  fresh 
light  on  the  general  problems  of  immunity,  it  is  unnecessary  to  re- 
capitulate what  we  have  already  said.  Those  interested  in  the  matter 
may  refer  to  the  work  of  Metchnikoff  (237)  and  of  Ilahn  (141). 

The  Phenomenon  of  Precipitin-Formation 

Among  the  numerous  reactions  which  work  on  immunity  has  brought 
to  light,  we  must  class  that  which  originates  when  the  serum  of  one 
animal  species  is  periodically  injected,  say  intraperitoneally,  into  an  in- 
dividual of  another  species.  If,  after  a series  of  injections,  the  serum  of 
the  latter  is  added  to  a sample  of  serum  from  the  first  species  a precipitate 
occurs.  The  precipitating  serum  is  called  a precijiitin,  and  the  precipi- 
tate which  can  be  produced  by  it  is  denominated  a precipitum.  The 
fundamental  phenomena  were  early  noticed  by  Boi’det  (37)  in  the  course 
of  his  woi’k  on  hiemolysis,  in  which  whole  blood,  i.e.  containing  both 
corpuscles  and  serum,  was  used  for  injections.  Dr.  Nuttall  (261)  has 
published  a work  containing  a critical  review  of  all  that  is  known  on  the 
subject,  and  also  many  original  observations  by  himself.  We  can  here 
merely  outline  the  more  important  conclusions  recorded  by  him,  and  must 
refer  the  reader  to  the  work  itself  for  details. 

The  reactions  of  precipitin  have  the  general  characters  of  those  which 
we  have  already  studied.  The  general  course  of  the  immunisation  pro- 
cess seems  to  resemble  what  occurs  in  other  immunisations.  Dr.  Nuttall 
has  obtained  important  results  with  regard  to  the  specificity  of  the  effect 
of  a serum  in  relation  to  the  serum  by  which  it  was  produced.  The 
general  conclusion  is  to  the  effect  that  an  absolute  specificity  does  not 
exist,  but  that  by  carefully  regulating  the  experimental  conditions  a great 
degree  of  relative  specificity  can  be  established.  A concentrated  solution 
of  a serum  may  be  precipitated  by  a non-homologous  serum,  i.e.  a serum 
other  than  that  produced  by  the  blood-serum  in  question ; but,  generally 
speaking,  the  weaker  the  dilution  in  which  a serum  will  be  precipitated 
by  another  serum,  the  more  likely  is  it  that  the  latter  is  the  serum  homo- 
logous to  the  blood.  Bloods  precipitated  in  slightly  more  powerful  solu- 
tions will  probably  belong  to  animals  of  species  closely  related  to  that 
from  which  the  causal  serum  was  derived.  The  strength  of  the  anti-serum 
solution  and  the  time  in  which  the  reaction  appears  also  constitute  im- 
portant factors.  The  more  powerful  a serum  the  greater  the  number  of 
bloods  with  which  a reaction  appears.  With  regard  to  the  relations  of 
the  precipitin  in  its  effects  there  is  no  doubt  that  a quantitative  relation- 
ship exists  between  the  precipitin  and  the  amount  of  precipitum  formed  ; 
but  here  there  is  an  important  point  to  be  noted,  that  the  precipitum 
may  be  soluble  in  excess  of  precipitin.  Precipitins  have  their  activity 
affected  by  heat,  and  evidence  has  been  brought  forward  to  shew  that 
different  groups  in  the  precipitin  molecule  are  concerned  in  fixing  it  to 
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the  molecules  to  be  precipitated,  and  in  actually  causing  the  precipitation 
of  the  latter.  Though  some  evidence  has  been  adduced  to  shew  that  in 
the  precipitation  process  two  substances,  corresponding  to  the  immune 
bodv  and  complement  of  a luemolytic  serum,  are  concerned,  later  work 
has  "failed  to  confirm  this  opinion.  Precipitin  weakened  by  heat  has 
been  called  precipitoid,  and  it  has  been  supposed  that,  as  in  other  cases, 
a weakening  of  the  toxophorous  group  may  be  associated  with  the 
development  of  an  increased  combining  force  in  the  haptophorous  group. 
As  the  evidence  here,  however,  proceeds  along  similar  lines  to  that 
adduced  by  Eisenberg  and  Volk  in  favour'  of  the  existence  of  pro-agglu- 
tinoids,  it  rvill  be  well  to  maintain  the  open  mind  with  regard  to  these 
pro-precipitinoids  which  is  admsable  with  regard  to  the  pro-agglutinoids. 

The  true  precipitin  appears  to  be  bound  rather  intimately  with  the 
globulin  moiety  of  the  crude  serum  containing  it ; but  here,  as  with  other 
substances  of  the  same  kind,  it  is  doubtful  whether  'a  mere  association 
without  chemical  union  exists.  The  precipitum  is,  in  suitable  strengths 
of  the  reacting  substances,  formed  instantly,  and  sinks  to  the  bottom  of 
the  fluid  from  which  it  is  precipitated.  It  is  soluble  in  dilute  acids  and 
alkalis,  insoluble  in  water,  and  is  said  to  manifest  the  ordinary  reactions 
of  albumins.  It  has  been  shewn  that  anti-precipitins  can  be  produced. 
With  regard  to  the  function  which  the  capacity  of  forming  precipitins 
exercises  in  the  body,  this  has  probably  a relationship  to  the  fact  that 
an  animal  in  assimilating  its  food  has  to  deal  with  foreign  albumins. 
Dr.  Xuttall  says : “ Presumably  they  (the  precipitins)  serve  to  protect 
the  body  against  the  injurious  effects  of  corresponding  foreign  albumins, 
and  more  probably  ...  to  neutralise  the  specifically  foreign  character  of 
the  albumin  introduced,  thereby  making  it  forthwith  assimilable.  This 
may  explain  the  physiological  significance  of  the  phenomenon,  and,  I 
might  add,  is  in  substantial  agreement  with  Ehrlich’s  theory  as  to  the 
functions  of  the  anti-bodies  in  general.”  In  this  connexion  it  may  be 
remarked  that  the  evidence  on  the  whole  is  rather  against  the  occurrence 
of  an  actual  precipitation  of  albumin  Avhen  a precipitin  meets  a precipit- 
able  albumin  within  an  animal’s  body.  At  any  rate,  when  in  the  later 
stages  of  the  production  of  a precipitating  serum  the  causal  serum  is 
injected,  precipitation  in  vivo  does  not  occm'. 

The  po3.sibilites  of  the  application  of  facts  regarding  precipitins  to 
meflico-legal  work  are,  of  course,  evident.  The  methods  of  detecting  the 
source  of  the  blood  in  blood-stains,  or  of  determining  from  what  animal 
a particular  specimen  of  meat  has  been  derived,  are  still  largely  in  the 
ex[)eriraental  stage,  but  it  is  quite  i)robable  that  their  reliability  in  rela- 
tion to  the  objects  in  view  may  be  substantiated.  It  may  be  said  in  this 
connexion  that  Neisser  and  Sachs  (2i)2a)  have  studied  Moreschi’s  discovery 
of  the  deviation  of  complement  by  a precipitin  from  the  medico-legal 
.standpoint. 

Cytolytic  and  Cytotoxic  Serums. — Bacteria  and  red  blood-corpuscles 
are  not  the  only  grouf»s  of  cells  of  which  individual  examples,  when  intro- 
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ducecl  into  a heterologous  animal  body,  stimulate  the  production  of  lytic 
serums.  Other  foreign  cells  will  act  in  like  manner.  This  has  been  shewn 
for  spermatozoa  by  Landsteiner  (176),  Metalnikoff  (225),  and  Metchnikoff 
(2.35).  Thus  Metalnikoft’  injected  periodically  spermatozoa  from  the 
guinea-pig  into  the  rabbit,  and  found  that  the  serum  of  the  latter  immo- 
bilised guinea-pig’s  speimiatozoa  in  a few  minutes.  If  heated  at  56°  C. 
it  lost  this  power,  but  such  heated  serum  could  be  reactivated  by  fresh 
guinea-pig  serum.  To  this  spermoto.xic  serum  an  antispermotoxin  can  be 
obtained,  which,  according  to  Metchnikoff  and  his  pupils,  consists  partly 
of  an  anticomplement  and  partly  of  an  anti-immune  body.  This  antag- 
onising body  can  be  formed  even  if  the  toxin  be  injected  into  a castrated 
animal  and  Metchnikoff  has  insisted  that  this  observation  militates 
against  the  general  hypotheses  of  Ehrlich  on  antitoxin  formation,  the  \'iew 
being  that  the  antispermotoxin  could  only  be  formed  by  the  saturation 
of  side-chains  in  tire  spermatic  cells  and  the  over-production  of  these  side- 
chains.  It  is  evident  that  this  criticism  is  met  by  Ehrlich’s  allegation 
that  in  the  case  of  many  toxins,  e.g.  in  tetanus  in  the  rabbit,  other  cells 
in  the  body  contain  side-chains  identical  with  those  of  the  most  sensitive 
cells,  and  that  wherever  toxin  is  fixed  there  antitoxins  can  be  formed. 

Many  other  cells,  when  injected  into  the  body  of  an  animal  of  another 
species,  have  been  shewn  to  stimulate  the  production  of  serums  toxic  to 
cells  of  their  own  kind.  Thus,  leucocytes  have  been  experimented  with  by 
Metchnikoff  (234),  Fuidc  (129),  and  Besredka  (29).  In  these  researches 
spleen,  bone-marrow,  and  mesenteric  glands  have  been  injected  into 
guinea-pigs  and  rabbits,  and  serums  have  been  obtained  which  had  the 
power  of  dissolving  white  blood-corpuscles  both  intra  viiam  and  in  vitro. 
Wlien  injected  into  the  living  animal  they  give  rise  to  toxic  symptoms 
due  to  the  destruction  of  cells  which  takes  place.  The  occurrence  of  this 
destruction  can  be  watched  by  withdrawing  samples  from  the  peritoneal 
cavity  of  the  affected  animal  from  time  to  time.  These  serums,  according 
to  Besredka,  ai’C  more  susceptible  to  heat  than  ordinary  haemolytic  serums, 
and  entirely  lose  their  action  at  55°  C.  According  to  this  observer  also, 
if  small,  non  - fatal  doses  be  administered,  an  increase  of  the  number 
of  leucocytes  can  be  observed,  and  he  thinks  that  tlius  a stimulation 
of  the  blood  - forming  mechanism  occurs.  This  observation  is  of 
great  importance,  for  in  dealing  with  toxins  we  pointed  out  that 
van  de  Velde  has  brought  forward  evidence  of  the  pyogenetic 
staphylococci  producing  a leucocyte-destroying  i>oison.  This  toxin  may 
thus  in  small  doses  play  a part  in  the  leucocytosis  which  occurs  in 
staphylococcus  infections.  The  further  investigation  of  the  question  may 
thus  throw  light  on  the  leucocytic  activity  so  common  in  infection. 
Besredka  also  observed  that  the  leucocytosis  produced  by  his  leucotoxin 
was  accompanied  by  the  development  of  an  anti-leucotoxin.  It  is  said  that 
a serum  produced  by  the  injection  of  spleen-emulsion  has  a solvent  action 
on  the  mononuclear  and  also  on  the  polymorphonuclear  leucocytes,  while 
a serum  produced  by  the  injection  of  the  bone-marrow  has  a special  action 
on  the  latter  only.  These  results  have  not  been  confirmed  by  Flexner 
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who  found  that  while  injections  of  splenotoxiii  and  lymphotoxin 
(originated  by  injecting  emulsions  of  lymph-glands)  affected  the  tissues 
producing  them,  and  had  little  effect  on  the  marrow,  a myelotoxiii  all'ected 
not  only  the  marrow  but  also  the  spleen  and  lymphatic  glands.  Flexner 
ag-ain  made  the  important  observation  that  injections  of  the  cytotoxins 
produced  germinative  changes  in  the  susceptible  organs.  Especially  Avas 
this  true  of  myelotoxin,  the  injection  of  Avhich  Avas  followed  by  a very 
pronounced  increase  of  the  leucocytes  and  of  the  leucocyte-producing  cells 
of  the  marroAv.  The  importance  of  such  observations  is  very  great. 
Many  other  cytotoxic  serums  haA*e  been  produced ; thus  Delezhnne  has 
obtained  serums  cytotoxic  to  liver-cells.  These  serums  cause  changes  in 
the  liver  analogous  to  those  of  phosphorus  poisoning.  By  injecting  pre- 
parations of  gastric  mucous  membrane.  Dr.  Bolton  (31)  has  produced  a gas- 
trotoxin  Avhich  AA'ill  cause  death,  Avith  patches  of  necrosis  and  htemorrhage 
in  the  stomach  AA’all  leading  to  ulceration.  Cytotoxins  have  also  been  pro- 
duced against  nerve-cells,  pancreatic  cells,  suprarenal  cells,  the  syncytial 
cells  of  the  placenta  (causing,  it  is  said,  Avhen  injected,  symptoms  of 
puerperal  eclampsia),  and  thyroid  cells.  The  general  facts  observed  in 
all  cases  are  more  or  less  similar.  In  most  cases  there  is  evidence 
of  the  action  of  an  immune  body  and  complement.  In  most  cases 
there  is  a Avant  of  specificity  in  the  action  of  the  serums.  Thus, 
A-.  Dungern  sheAA'ed  that  a serum  formed  by  the  injection  of  the  ciliated 
cells  of  the  ox’s  tracheal  membrane  not  only  paralysed  such  cells,  but  had 
a haemolytic  action.  Similar  facts  have  been  observed  in  gastrotoxins  by 
Dr.  Bolton.  In  this  connexion  a A'ery  significant  obsei’A'ation  has  been 
made  by  Demoor  and  A'an  Lint  (82),  to  the  effect  that  in  certain  doses 
an  antithyroid  serum  did  not  produce  necrosis  of  the  gland  but  evidence 
of  increased  functions.  It  is  manifest  that  the  investigation  of  these  cyto- 
lytic serums  opens  up  many  most  important  questions,  Avhich,  however, 
have  to  do  as  much  AAUth  the  phy'^siolog}'^  of  various  organs  as  Avith  their 
pathology. 

Anti -ferments.  — "We  have  already  alluded  to  the  researches  of 
Morgenroth  (244),  in  Avhich  it  AA-as  sheAvn  that  a serum  could  be  obtained 
capable  of  protecting  milk  against  the  action  of  rennet.  Observations  of 
a similar  kind  haA-e  been  made  Avith  other  ferments.  Thus  Achalme 
(2)  has  obtained  an  antitryptic  .serum,  Sachs  (298)  an  antipepsin,  and 
Bordet  and  Gengou  (42)  an  antifibrin  ferment.  In  the  last  case  the 
important  ob.serA'ation  Avas  made  that  the  anti-body  Avas  specific  for  the 
fibrin  ferment  of  the  animal  species  l)y  Avhose  serum  its  origin  Avas 
stimulated.  Anti-boflies  to  certain  other  ferments,  such  as  steapsin,  have 
also  been  observed.  In  this  connexion  perhaps  one  of  the  most  signifi- 
cant facts  is  that  the  bodily  cells  in  certain  circumstances  appear  to 
have  the  power  of  neutralising  ferments  produced  by  other  cells.  Thus 
Dandsteiner  (177)  and  many  others  have  s'leAvn  that  extracts  maile  from 
certain  tissues  have  aj>parently  the  power  of  neutralising  tryptic  ferment. 
It  is  evident  that  the  formation  of  anti -ferments  constitutes  a very 
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significant  phenomenon.  Its  existenee  is  so  far  a justification  for  the 
view  that  bacterial  toxins  and  ordinary  ferments,  such  as  those  concerned 
in  digestion,  might  be  classed  together  in  the  same  group  of  substances ; 
it  has  already  been  pointed  out  how  many  points  they  possess  in  common, 
and  it  must  be  admitted  that  this  identity  of  reaction  which  results  in 
both  cases  in  the  production  of  antagonistic  serums  is,  pei’haps,  the  most 
striking  of  all  their  common  characteristics.  It  is  probable  that  this 
fresh  knowledge  regarding  ferments  may  open  up  new  lines  of  inquiry  as 
to  their  nature. 

Ehrlich’s  views  on  the  Eeceptor  Mechanism  of  Cells 

Whether  the  properties  of  serum  separated  from  blood  outside  the 
body  do  or  do  not  represent  the  properties  of  the  plasma  of  the  circulat- 
ing blood,  there  can  be  little  doubt  that  the  substances  present  in  the 
serum  mu.st  represent  the  means  by  which  protoplasm  acts  in  the  body. 
Whether  this  action  in  living  conditions  takes  place  within  or  without 
the  bodily  cells  is  not  of  such  great  importance.  It  is  as  a contribution 
to  the  study  of  protoplasmic  processes  that  the  work  of  Ehrlich  possesses 
its  highest  value. 

In  any  general  consideration  of  his  results  Ehrlich  (102,  101)  has 
always  placed  this  in  the  foreground.  His  opinion  is,  that  all  the 
properties  of  the  serum  which  have  been  observed  in  the  course  of  the 
investigation  of  immunisation-processes  are  seen  in  their  true  light  when 
viewed  as  resulting  from  particular  manifestations  of  the  ordinary  normal 
activities  of  protoplasm  It  Avill  be  well  for  us  now  to  look  briefly  at 
what  Ehrlich’s  views  of  these  normal  activities  are.  Even  in  his  earliest 
work  (99),  which  bore  on  this  subject,  he  conceived  that  in  living  proto- 
plasm a centre  of  special  structure  controlled  the  specific  and  peculiar 
capacities  of  the  cell,  and  to  this  centre  were  attracted  atoms  and  atom- 
complexes,  not  directly  concerned  in  the  maintenance  of  life,  but  having 
a subordinate  position  as  being  concerned  with  the  activities  of  the  cell. 
The  comparison  by  Ehrlich  of  these  subordinate  molecules  to  the  side- 
chains  often  occurring  in  complex  organic  molecules  of  known  con- 
stitution is,  we  ha\ie  always  thought,  regrettable,  as  it  has  tended  to 
alienate  the  sympathies  of  the  organic  chemist,  who  attaches  to  the 
phrase  a very  definite  meaning.  Ehrlich  certainly  used  the  expression 
metaphorically,  and  it  is  only  in  this  sense  that  its  continued  conventional 
use  is  justifiable.  Ehrlich’s  opinions  are  mainly  developed  from  the  stand- 
point of  considering  how  these  side-chains  are  concerned  in  the  provision 
of  food  for  the  use  of  the  cell,  though  it  is  plain  that  they  might  be 
extended  to  include  the  activities  of  the  cell  in  providing  substances 
necessary  for  the  use  of  other  cells.  In  a complex  animal  organism  the 
food-supply  of  the  cell  is  T) rough  t to  it  in  a state  more  or  less  suitable 
for  assimilation,  and  the  question  arises  of  how  that  food  material 
actually  becomes  part  of  the  protoplasmic  structure.  Ehrlich  points  out 
that  many  modern  pharmacologists  do  not  look  on  narcotics,  antipyi'etics. 
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antiseptics,  and  so  forth,  <is  entering  into  a true  chemical  combination  with 
the  bodily  cells.  Such  substances  merely  exist  in  a sort  of  solution,  or  are 
held  after  the  manner  of  weak  saline  combinations.  They  are  not  truly 
assimilated  as  a part  of  the  protoplasmic  comple.x,  like  the  carbohydrate 
moiety,  Avhich  by  the  action  of  boiling  acid  can  be  split  off  from  albumin- 
ous molecules.  It  must,  however,  be  stated  that  on  account  of  the 
difficulties  presented  in  the  investigation  of  the  subject  great  caution 
must  be  shewn  in  accepting  such  an  opinion. 

It  is  only  food  material,  Ehrlich  holds,  which  can  be  combined  in 
Mnn  synthesis  in  the  cellular  protoplasm.  According  to  his  view  the 
mechanism  by  which  such  a true  assimilation  is  accomplished  is  revealed 
by  his  investigations  on  immunity.  The  cause  of  this  is,  that  the  foreign 
materials  used  in  immunisation-processes  are  in  all  probability  closely 
allied  in  nature  to  the  ordinary  food  materials  of  cells.  On  a priori 
groimds  this  must  be  looked  on  as  highly  probable,  for  if  we  think  of  the 
food  of  the  earlier  forms  of  life,  especially  in  relation  to  the  develop- 
ment in  the  primitive  animal  organism  of  the  dependence  for  food  on 
organic  material  already  elaborated  from  the  inorganic,  we  must  realise 
that  the  composition  of  the  food  of  such  forms  must  have  closely 
resembled  the  composition  of  the  feeding  cell.  If  at  that  period  in 
evolution  (as  Metchnikoff  (236)  has  shewn  exists  in  the  case  of  the 
amceba  at  the  present  day),  among  the  closely  similar  foreign  cells  in- 
gested, some  coidd  react  on  the  ingesting  organism  and  kill  it,  then 
we  may  grant  the  extreme  probability  of  Ehrlich’s  position,  that  the 
mechanism  at  work  in  the  taking  up  of  injurious  foreign  material  is  the 
same  as  that  in  action  in  the  assimilation  of  food.  This  mechanism  in- 
volves the  fixation  of  the  food  material.  Here  we  have  first  to  think  of 
food  material  already  fit  for  assimilation  coming  in  contact  with  the 
cell.  For  its  fixation  the  side-chain  of  the  cell  has  merely  to  anchor  it ; 
a simple  haptophorous  group  will  fix  the  food -molecule.  Such  a group 

Ehrlich  calls  a receptor  of  the  first  order — it  is  a receptor  such  as  in  an 
intoxication  fixes  a simple  toxin-molecule.  Such  receptors,  when  over- 
regenei-ated  in  immunisation  and  cast  off,  form  antitoxin.  Next  we  have 
to  think  of  food-molecules  coming  to  the  cell  which  require  further 
preparation  before  assimilation  is  possible.  Ehrlich  here  conceives  two 
■possibilitiei?,  based  on  what  is  deduced  from  immunisation  - processes. 
'Fhe  first  of  these  is  that  a side-chain  exists  (attached  to  the  cell  in  a 
manner  undefined)  in  which  there  is  a haptophorous  group  capable  of 
fixing  the  food-molecule,  and  another  group  capable  of  having  a digestive 
Jiction.  Thi.s  form  is  designated  a receptoi-  of  the  second  order,  and 
is  supposed  to  be  represented,  — detached  from  the  cell, — when 
agglutinins  and  prccipitins  appear  during  immunisation  in  the  serum. 
In  the  case  of  the  former  group  of  bodies  the  fact  that  they  ai-e  capable 
of  l>ecoming  attached  to  such  a definite  ina.ss  as  a bacillus,  and  of  acting 
on  that  ma.ss  without  the  intervention  of  any  second  substance  in  the 
serum,  is  looked  on  as  evidence  that  where  they  constituted  a side- 
chain  in  living  protoplasm  they  pos-scsscd  similar  capacities.  But  when 
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food  must  not  onlj^  be  fixed  in  a cell,  l)ut  further  acted  on  before  assimila- 
tion is  possible,  another  alternative  is  possible.  The  side-chain  (again 
attached  to  the  cells  in  an  undefined  way)  may  have  two  haptophorous 
affinities,  one  of  which  fixes  the  food-particle,  while  the  second  fixes 
another  molecule  having  the  capacity  of  digesting  the  food  - particle. 
These  receptors  are  receptors  of  the  third  order,  and  are  represented  free  in 
an  immune  serum  containing  an  immune  body  which  requires  a comple- 
ment for  a l}>-tic  action  to  occur.  From  the  facts  which  have  been 
related  bearing  on  the  multiplicity  of  the  substances  which  can  be 
attached  to  cellular  protoplasm,  it  is  evident  that  in  many  cells  a great 
variety  of  each  kind  of  receptors  must  exist,  a conception  which  is  further 
borne  out  b}'  the  complexity  and  specificity  of  the  antagonising  l)odies 
that  can  be  produced ; thus  red  blood-cells,  as  Ehrlich  points  out,  can 
fix  such  different  substances  as  the  vegetable  toxins  ricin,  abrin,  phallin, 
the  bacterial  secretions  e.xemplified  in  tetanolysin  and  staphylolysin,  the 
snake  poisons,  and  the  immune  bodies  of  lytic  serums.  Yet  while  there  is 
often  great  specificity  of  the  receptor  for  a particular  substance,  as  is 
exemplified  by  the  specificity  of  an  antitoxin-molecule  for  its  toxin,  there 
need  not  be  the  exclusive  possession  of  one  particular  receptor  by  one 
particular  type  of  cell.  It  mil  be  remembered  that  in  the  guinea-pig 
the  minimal  lethal  dose  of  tetanus  toxin,  when  injected  intracerebrally, 
was  nearly  the  same  as  when  injected  subcutaneously,  while  in  the  rabbit 
a much  larger  dose  could  be  tolerated  subcutaneously  than  could  be 
borne  intracerebrally ; this  fact  was  held  to  shew  that,  in  the  rabbit, 
receptors  capable  of  fixing  tetanus  toxin  existed  in  organs  other  than 
the  central  nervous  system,  while  in  the  guinea-pig  the  toxin  could  only 
be  fixed  in  the  nerve-tissue.  The  presence  of  identical  receptors  in 
different  cells  is  Avhat  we  should  expect  if  these  side-chains  are  sub- 
servient to  ordinary  assimilation,  otherwise  the  preparation  of  the  food 
material  before  it  reached  the  sites  of  its  actual  consumption  would 
require  to  be  much  more  elaboi’ate. 

It  is  evident  that  such  views  on  the  normal  activities  of  protoplasm 
are  of  a highly  speculative  character,  though  at  the  same  time  the  funda- 
mental facts  regarding  immunisation,  on  which  they  rest,  become  more 
and  more  firmly  established  the  further  that  investigation  proceeds. 
]\Iany  interesting  points  arise  in  connexion  with  occurrences  which 
probably  have  no  direct  bearing  on  immunisation  - processes.  For 
instance,  what  is  the  significance  of  the  zwischenkorper  and  of  the 
agglutinins,  which,  as  we  have  seen,  are  often  found  in  the  serum  of 
normal  animals.  Are  these  subservient  to  cellular  nutrition,  and  why  do 
they  appear  free  in  the  serum  1 

There  is  another  aspect  of  the  question  which  ought  not  to  be  left  out 
of  account.  Whenever  protoplasm  dies  it  becomes  the  prey  to  bacteria. 
The  absence  of  such  bacterial  activity  in  living  protoi)lasm  may  not  lx* 
due  to  a mere  absence  of  proper  pabulum  for  l:)acterial  nutrition.  It  may 
in  reality  follow  on  a killing  of  bacteria,  or  on  a neutralisation  of  bacterial 
action  constantly  going  on  in  the  living  lmd3^  The  phenomena  of 
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recoverv  from  disease  and  of  artificial  immunisation  may  l)e  oidy  special 
examples  of  a process  constantly  at  work. 

Finally,  there  is  a phenomenon  which  in  this  connexion  must  be 
accountetl  for,  namely,  what  Ehrlich  (100)  calls  the  Imror  mitotadcus. 
If  cells,  e.g.  red  blood -corpuscles,  withdrawn  from  an  animal  are  re- 
introduced into  its  own  body,  the  mechanism  which  would  come  into 
the  operation  if  the  cells  belonged  to  another  animal  species,  and  even 
to  another  individual  of  the  same  species,  is  usually  held  in  abeyance. 
Only  in  one  ease  did  Ehrlich,  working  with  an  animal’s  own  red  cells, 
obtain  evidence  of  the  develojnnent  of  what  he  calls  an  autolysin, 
namely,  a serum  capable  in  vitro  of  htemolysing  the  animal’s  own  cor- 
puscles. A capacity  for  the  ready  development  of  such  substances  might, 
it  is  plain,  be  fraught  with  serious  consecpiences,  and  the  absence  of  .such 
capacity  constitutes  an  interesting  problem.  That  the  opportunity  for 
such  autolysin  development  must  frequently  occur  is  evident  from  the 
fact  that  cells  are  constantly  being  destroyed  in  the  body,  a good  example 
being  the  destruction  of  red  blood-corpuscles  by  the  endothelial  cells  of 
the  spleen.  Either  there  must  be  such  an  individuality  in  the  receptors 
of  the  indi'vidual  that  fixation  of  cells  does  not  take  place,  and 
thus  over-regeneration  cannot  occur,  or  there  must  be  some  mechanism 
which  regulates  the  action  of  an  autolysin.  From  the  fact  that,  as  we 
have  just  said,  lysis  of  one  cell  in  another  occurs,  the  latter  alternative 
presents  the  greater  degree  of  probability.  This  is  further  shewn  by 
Metalnikoff’s  observation  (225)  that  although  the  intraperitoneal  injec- 
tion of  an  animal’s  own  spermatozoa  produced  a spermotoxic  serum,  the 
spermatozoa  in  its  testicle  were  unaffected.  Eegarding  the  nature  of 
the  regulating  mechanism  we  cannot  speak  definitely.  There  might  be 
the  development  of  an  anti -autolysin,  though  no  evidence  has  been 
obtained  of  the  existence  of  such  substances.  The  regulation  might  be 
due  to  the  occurrence  of  an  auto-anticomplement,  which  restrained  the 
action  of  the  autolysin  by  preventing  its  being  complemented.  In  one 
c-a.se  under  experimental  conditions  Ehrlich  found  evidence  for  the  exist- 
ence of  such  bodies,  but  it  is  doubtful  whether  they  are  formed  under 
normal  conditions  in  the  body,  and  on  the  whole  the  problem  must  at 
j<resent  be  held  to  be  un.solved. 

The  Receptor  Mechanism  in  relation  to  certain  Problems  of  Infec- 
tion.— Ehrlich’s  view  regarding  the  relation  of  cell  recej)tor.s,  fixed 
and  free,  with  haptophorous  groups  in  foreign  organic  material,  raises 
certain  points  regarding  the  mechanism  of  immunity  tvhich  can  onl}' 
now  be  discus.sed.  The  first  of  these  that  we  will  consider  is  this : 
taking  for  granted  that  immunity  depends  on  the  development  of 
properties  in  the  serum  of  an  animal,  and  tiot  on  the  phagocytic  activity 
of  cells — an  a.ssnmption  we  have  veiy  grave  reasons  for  doubting — how 
i.s  it  that  on  Ehrlich’s  icceptor  hypothesis  the  serum  can  ever  come  to  have 
free  receydors  in  it.  If  the  foreign  red  ‘cells  arc  i)laccd  in  an  animal’s 
peritoneum,  their  being  taken  u{)  by  phagocytes  is  not  an  essential  condi- 
tion to  the  flevelopment  of  immune  body  in  the  serum, — how  comes  that 
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immune  body  into  the  serum  ? It  is  difficult  to  see  how  this  may  occur, 
unless  the  mere  contact  of  a red  cell  Avith  a cell  containing  a suitable  re- 
ceptor causes  this  receptor  to  become  detached  from  the  cell.  This,  hoAv- 
ever,  is  possible,  for  Professor  Muir  (251)  has  sheAvn  that  if  fresh  red  cells  be 
brought  in  mere  physical  contact  Avith  cells  to  Avhich  an  excess  of  immune 
body  is  attached,  the  latter  give  up  some  of  the  immune  body  to  the  receptors 
of  the  fresh  cells.  Another  possibility  is  that  all  amboceptors  developed  in 
immune  serums  are  really  represented  by  very  minute  amounts  of  zwischeu- 
koi-per  occurring  normally  in  the  serum.  It  has  been  shcAAm  that  Avhen  a 
zwiscJienkOrper  specific  to  certain  red  cells  exists  naturally  in  a serum,  and 
an  immune  body  is  developed  in  the  same  serum  by  the  injection  of  these 
cells,  then  the  amboceptor  of  the  immune  body  may  not  be  the  same 
amboceptor  as  that  naturally  present  in  the  serum.  But  evidence  has 
never,  so  far  as  Ave  knoAV,  been  sought  for  in  the  existence  of  A'ery  minute 
amounts  of  zwischenkbrper  in  serums ; if  these  occurred,  the  development 
of  large  amounts  by  the  injection  of  susceptible  cells  might  be  explained. 
The  injection  of  the  cells  Avould  deprive  the  serum  of  its  natiu’al  content 
of  the  particular  amboceptor,  a steejA  gradient  Avould  be  formed  betAveen 
the  cells  producing  the  amboceptor  and  their  surroundings,  and  more 
amboceptors  Avould  pass  out.  That  such  an  idea  is  not  fanciful  is  indi- 
cated by  the  Avork  of  Friedberger  (128),  Avho  has  sheAvn  that  Avhen 
during  a hasmolytic  immunisation  an  animal  is  repeatedly  bled  to  a 
moderate  extent,  the  content  of  the  serum  in  immune  bodies  is  A^ery 
much  greater  than  in  a control  animal  subjected  to  identical  conditions 
of  immunisation,  except  that  the  bleeding  has  been  omitted.  It  is  thus 
possible  to  conceive  an  explanation  of  the  development  of  immune  serums 
Avithout  at  any  rate  a preliminary  phagocytic  action. 

A second  point  here  has  to  do  Avith  the  great  complexity  for  Avhicli  the 
existence  of  a receptor  mechanism  may  be  responsible,  Avhen  a reaction 
betAveen  bacterial  cells  and  the  cells  of  the  invaded  body  takes  place. 
Dr.  Ainley  Walker  (337)  has  sheAvn  reason  for  supposing  that  the  typhoid 
bacillus,  Avhen  groAvn  in  its  OAvn  immune  serum,  shcAvs  an  increase  in 
virulence  tOAvards  guinea-pigs,  as  ]3roved  by  its  killing  an  animal  Avith  a 
smaller  dose  than  formerly.  This  he  explains  by  supposing  that  in  the 
presence  of  immune  body  a process  takes  place  in  the  bacterium  precisely 
analogous  to  Avhat  occurs  in  a susceptible  animal  cell  during  immunisation. 
The  bacterial  side-chains  are  saturated  Avith  the  amboceptor  of  the  serum, 
and  this  saturation  leads  to  the  habit  of  over-production,  so  that  the 
bacterium  in  the  course  of  a feAv  generations  comes  to  possess  greater 
affinity  for  bacterial  cells,  and  thus  greater  virulence.  To  this  latter 
aspect  of  Dr.  AValker’s  contentions  Ave  shall  revert  presently,  but  it  is 
plain  that  the  possibility  of  a bacterium  becoming  immunised  to  its 
OAvn  serum  opens  up  a Avide  field  of  speculation.  Prof.  elch  (355) 
has  put  forward  the  idea  that  certain  bacterial  anti-lwdies  are  capable 
not  only  of  neutralising  the  immune  body  of  the  host  but,  Avith 
the  aid  of  complements,  of  also  poisoning  the  cells  of  the  host.  The 
production  of  these  anti-bodies  may  be  stimulated  by  the  presence  in 
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the  host  of  material  not  necessaril}'  toxic  to  the  bacteria,  as  the  ininmne 
bodies  indirectly  are.  All  that  is  necessary  is  that  the  stimnlating 
substances  should  have  molecular  groups  capable  of  combining  with  the 
bacterial  receptors,  and  that  these  receptors  when  over -reproduced  in 
the  bacterium  should  be  complemented  in  the  body  of  the  host.  The 
possibility  of  such  occurrences  has  been  suggested  to  Prof.  Welch  largely 
bv  the  results  of  Flexner  and  Noguchi  (123),  in  their  work  on  the 
luemolytic  action  of  snake  venoms.  These  observers  have  shewn  that  if 
washed  corpuscles  be  subjected  to  the  action  of  venom  no  haemolysis 
takes  place,  but  that  haemolysis  occurs  if  the  serum  from  which  the 
corpuscles  have  been  separated  be  now  added.  In  other  words,  an  ambo- 
ceptor in  snake  venom  links  up  a receptor  in  the  red  blood-corpuscle 
with  a complemcntaiy  bodj''  in  the  serum  stu’rounding  it.  In  no  case 
have  they  obtained  evidence  of  the  existence  of  a complement  in  the 
venom  itself.  In  certain  cases  they  suspected  that  the  complementary 
body  was  contained  within  the  corpuscle  itself,  and  the  existence  of  such 
an  endo-complement  has  since  been  proved  by  Kyes  for  cobra  poison. 
There  is  thus  some  ground  for  a search  being  instituted  for  the  occur- 
rence of  similar  phenomena  in  infection  and  also  in  other  forms  of  disease. 

The  third  point  to  consider  here  is  the  possible  bearing  of  a receptor 
mechanism  on  a hypothesis  of  the  virulence  of  bacteria.  Pfeiffer  and 
Kolle  (278)  shewed  that  a given  amount  of  typhoid  immune  serum 
caused  lysis  in  vivo  of  a very  much  larger  number  of  non-virulent  than  of 
•Nurulent  bacilli,  and  Pfeiffer  (275)  has  brought  forward  evidence  of  a 
similar  kind  regarding  cholera.  Generally  speaking,  the  evidence  points 
to  virulence  in  a bacterium  being  associated  with  the  possession  by  it  of 
a great  number  of  receptors  capable  of  fixing  immune  body.  Thus,  in 
infection  a comparatively  small  number  of  bacteria  might  use  up  all  the 
resisting  material  capable  of  acting  on  them,  and  the  way  would  be 
opened  up  for  free  multiplication.  Again,  Dr.  Walker  (337),  in  connexion 
with  the  immuni-sation  of  bacteria  to  immune  serums,  has  applied  Ehrlich’s 
hypothesis  to  the  explanation  of  such,  facts,  especially  in  relation  to 
a possible  explanation  of  chemiotaxis.  His  view'  is  essentially  a . broad 
a'Xiplication  of  the  fact  that  certain  cases  have  been  observed  where, 
working  with  a simple  saline  solution,  it  has  been  found  that  a w'eak 
solution  will  attract  a living  organism  which  a strong  one  wall  repel.  If 
then  an  affinity  may  be  supposed  to  exist  between  receptors  in  bodil}' 
tells  and  receptors  in  bacterial  cells,  and  if  there  be  an  excess  of  receptors 
in  the  cell  over  those  in  the  bacterium,  the  excess  may  be  a determining 
fiiCtor  in  the  exhibition  of  a positiA'e  chemiotaxis.  The  bacterium  will  be 
taken  up  by  the  cell  and  will  then,  on  the  Metchnikoff  hypothesis,  meet 
complement  and  be  di.ssolved.  If,  on  the  other  hand,  the  receptors  of 
the  bacterium  be  in  excess,  a negative  chemiotaxis  will  be  originated, 
and  the  organism  will  be  free  to  multiply.  Its  virulence  will  thus 
depend  on  its  receptors  being  in  excc.ss.  Such  a view  would  explain 
the  development  of  immunity  through  increased  phagocytosis  ; the 
latter  wouhl  depend  on  the  increase  in  the  number  of  cellular  receptors 
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present.  The  hypothesis  is  very  suggestive,  and  deserves  further 
attention. 

A final  point  here  is  that  the  receptor  hypothesis  of  immunity  would 
explain  how  a bacterium  can  give  rise  to  immunity  independently  of  the 
poison  it  may  contain.  We  have  seen  the  difficulties  that  exist  in 
connexion  with  immunity  against  living  bacteria  not  conferring  immunity 
against  the  intracellular  toxins.  It  is  evident  that  the  receptors  causing 
immunity  need  not  necessarily  have  any  relationship  to  such  toxins. 

“Ultr.imicroscopic”  Infective  Agents 

By  ultramicroscopic  infective  agents  are  only  meant  infective  agents 
which  are  invisible  to  the  highest  powers  of  the  microscope  at  present 
available.  In-  the  cases  of  several  diseases  facts  have  been  observed 
which  apparently  can  only  be  understood  on  the  supposition  that  such 
minute  living  things  exist ; great  caution  is,  however,  necessary  in 
accepting  this  interpretation.  The  evidence  chiefly  rests  on  experi- 
ments in  which  a virus  has  been  found  to  pass  through  an  earthen- 
ware filter  capaljle  of  keeping  back  ordinaiy  bacteria ; such  filters  vary 
in  the  fineness  of  their  pores,  the  finest  being  the  Kitasato  and  the 
Charnberland  “B”  patterns,  the  Chamberland  “F”  pattern  being  not  so 
fine.  Thus  in  pleuropneumonia  in  cattle.  Nocard  (257)  found  that  if  the 
pleural  effusion  were  mixed  with  water  and  passed  through  a Chamber- 
land  F it  was  still  infective,  but  if  passed  through  a B filter  or  one  of 
Kitasato  pattern  it  lost  its  infective  power.  The  case  of  this  disease  forms 
a link  with  diseases  whose  origin  is  definitely  bacterial,  for  in  the  exudate 
Nocard  observed  minute  refractive  particles  which  could  be  just  seen 
with  a magnification  of  2500  diameters.  Tartakowski  and  Dschunkowski 
(322)  have  confirmed  Nocard’s  observations,  and  have  found  with  a 
magnification  of  1000  diameters  what  they  consider  to  be  groups  of  these 
refractive  bodies.  They  also  obtained  cultures  of  the  same  by  enclosing 
culture  media  in  collodion  capsules,  and  placing  these  for  two  or  three 
weeks  in  the  peritoneal  cavity  of  the  rabbit.  Propagation  through  about 
six  generations  was  thus  obtained. 

Loeffler  and  Frosch  (186)  made  similar  observations  on  foot-and- 
mouth  disease.  They  found  that  lymph  from  the  vesicles  which  form  in 
the  mouth  of  the  diseased  animal,  still  remained  infective  after  passing 
through  a Berkefeld  filter.  The  efllcacy  of  the  filter  was  controlled  by 
its  being  found  competent  to  hold  back  a very  small  bacillus  used  as  a 
test.  Here  the  microscope  failed  to  reveal  any  particulate  bodies  in  the 
filtrate.  Loeffler  (185),  however,  found  that,  if  the  infective  lymph  were 
passed  through  a Kitasato  filter,  it  lost  its  infective  power.  It  was 
further  found  that  a definite  degree  of  immunity  could  be  established 
against  the  disease  by  inoculating  animals  with  an  infective  lymph  rvhich 
had  been  allowed  to  stand  for  several  weeks  in  contact  with  the  serum  of 
an  animal  that  had  successfully  passed  through  an  infection  with  the 
disease  ; curative  serums  have  also  been  elaborated.  In  Soutli  African 
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horse  sickness  Sir  J.  M‘Fadyean  (192)  Ibund  that  the  diluted  blood  of  an 
infected  horse  could  pass  through  a Chamberland  F and  retain  its  infec- 
tive character.  Further,  if  a horse  -were  inoculated  with  the  filtrate  and 
developed  the  disease,  its  blood,  if  filtered,  was  again  infective.  The 
efficiency  of  the  filters  has  been  controlled  in  the  same  way  as  that 
practised  by  Loeftler  and  Frosch.  All  these  observations  point  to  the 
existence  of  a group  of  excessively  minute  centres  of  actirnty  capable  of 
progressive  increase.  It  might  be  urged  that  the  observations  could  be 
explained  by  a toxin  action,  but  this  is  unlikely.  We  do  not  know  of 
anv  toxin  which  can  increase  in  amount  in  a medium  apart  from  the  vital 
activity  of  cells  producing  it,  and  such  an  increase  appears  to  have  occurred 
in  Sir  J.  M‘Fadyean’s  experiments  Avhen  a second  horse  tvas  infected  from 
the  filtered  blood  of  the  first.  Every  known  toxin  produces  per  unit  of 
volume  a definite  toxic  effect — less  will  produce  less  effect  and  more  Avill 
produce  more.  We  knoAv  of  no  toxin  Avhich  will  act  like  sulphuric  acid 
on  alcohol,  Avhere  ether  is  produced  as  long  as  any  alcohol  remains.  We 
thus  must  conclude  either  that  the  observations  on  these  diseases  are 
explained  by  the  existence  of  ultramicroscopic  forms  of  life,  or  that  an 
action  is  present  to  which  no  parallel  exists  among  the  phenomena 
of  infections  regarding  which  more  is  known.  The  observation  by  Nocard 
of  what  are  probably  very  small  bacteria,  is  in  favour  of  the  former 
alternative.  From  the  human  standpoint  the  observations  are  interesting 
in  connexion  Avith  yellow  fever,  the  virus  of  Avhich  probably  passes  through 
an  earthenAvare  filter  Avithout  losing  its  infective  poAver  (see  Eeecl  (286)). 


Infection  by  Protozoa 

In  our  discussion  of  infection  attention  has  been  confined  entirely  to 
conditions  set  up  by  bacterial  actiAuty.  The  work  of  recent  years  has, 
however,  revealed  the  importance  of  other  living  agents  in  producing 
di.sease  in  man  and  the  loAver  animals.  The  most  familiar  example,  of 
course,  is  found  in  malaria,  the  protozoan  origin  of  Avhich  is  indubitable, 
and  if,  as  is  likely,  it  be  established  that  relapsing  fever,  sleeping  sickness, 
and  syphilis — to  mention  only  a feAv  examples — have  a similar  etiologj’, 
it  is  CA'ident  that  in  the  future  considerable  attention  must  be  paid  to  the 
general  features  of  the  non-bacterial  infections.  The  cptestion  naturally 
arises  Avhether  it  is  possible  to  trace  resemblances  betAA'een  the  patho- 
genetic effects  of  the  bacteria  and  of  the  protozoa.  In  this  connexion  it 
is  interesting  to  consider  that  from  analogy  syphilis  has  alAA'ays  in  modern 
times  been  classed  Avith  infections  of  definite  bacterial  oriein,  and  it  is 
very  suggestive  how  closely  .some  of  its  lesions  resemble  those  in  chronic 
glanders.  In  the  cases  of  malaria  and  of  other  similar  infections 
similarities  are  more  difficult  to  trace.  In  malaria  itself  the  disease 
effects  are  dominated  by  the  destructive  processes  set  up  l>y  the  develop- 
ment of  the  parasites  Avithin  the  red  blood-cells.  The  aTuemia  Avhich 
after  re[>eated  attacks  manifests  itself,  though  a most  important  factor. 
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must  after  all  be  looked  on  as  a secondary  manifestation  of  the  disease. 
Of  much  more  importance  from  the  standpoint  of  the  general  pathology 
of  infection  is  the  fever,  of  which  there  is  as  }’'et  no  explanation,  and  the 
behaviour  of  the  reactive  cells  of  the  body.  With  reganl  to  the  rise  of 
temperature,  this  in  a simple  tertian  case  seems  to  coincide  with  the 
entrance  of  the  enhajmatospores  into  the  blood-corpuscles,  but  whether  it 
is  due  to  a toxic  process  or  to  a metabolic  disturbance  cannot  be  decided. 
AVith  regard  to  the  cellular  reactions,  it  is  to  the  condition  of  the  blood 
that  naturally  we  first  look.  Here  Dr.  Stephens  and  Lieut.  Christophers 
(317)  have  shewn  that  during  the  ajjyrexia,  Avhile  there  is  a diminution 
of  the  total  number  of  leucocytes,  the  large  mononuclear  cells  shew  an 
increase  relatively  to  the  other  forms,  so  that  they  may  outnumber  the 
polymorphonuclears ; during  the  pyrexia  the  proportions  regain  the 
normal.  This  mononuclear  reaction  has  been  also  observed  by  other 
workers.  Its  significance  is  as  yet  obscure,  but  it  may  be  remarked  that 
it  is  accompanied  by  a reaction  in  similar  cells,  especiallj''  in  the  liver  and 
sjjleen.  There  is  some  difference  of  opinion  as  to  the  part  played  by 
phagocytosis  in  the  disease.  There  is  no  doubt  that  leucocytes  carrying 
pigment  are  cotistantly  observed  during  the  paroxysm.  AATiether  or  not 
the  23ignient  is  derived  from  the  actual  ingestion  of  jjarasites  or  red 
corpuscles  containing  parasites  is  doubtful.  L.  Barker  has  no  doubt 
that  the  parasites  are  taken  uji  by  large  phagocytic  cells  in  the  spleen- 
pul}),  by  the  endothelial  cells  of  the  si)lenic  pulp,  and  also  hy  endothelial 
cells  in  the  cai)illai’ies  and  by  Kupffer’s  cells  in  the  liver.  AA^ith  reference 
to  the  taking  up  of  })igment  by  leucocytes.  Barker  found  that,  S2)eaking 
generally,  it  is  the  i)olymor2)honuclear  cells  in  which  this  is  observal)le, 
while  the  taking  up  of  the  })arasites  is  rather  characteristic  of  mono- 
nuclear cells  in  the  situations  stated.  As  Barker’s  results  were  obtained 
before  the  i)recise  relationships  of  the  different  life  stages  in  the  parasite 
to  one  another  were  thoroughly  Avorked  out,  it  is  difficult  to  appreciate 
their  precise  significance  from  the  standpoint  of  phagocytosis  being  a 
possible  factor  in  the  struggle  of  the  body  against  the  disease.  The 
subject  is  well  Avorthy  of  further  attention. 

If  we  turn  to  trypanosomiasis  in  man  Ave  again  find  evidence  of 
disturbed  metabolism  resulting  in  fever  and  of  a mononuclear  reaction  of 
a sfiecial  type  in  the  blood  (Manson  and  Daniels  (205)) ; and  here  also 
there  is  evidence  of  a iiroliferation  of  similar  cells  in  certain  j)arts  of  the 
bod}>-,  notably,  as  Drs.  Loav  and  Mott  (188)  have  sheAvn,  in  the  peri- 
A'ascular  l3'^mi)h-sj)aces  of  the  Amssels  of  the  cerebral  cortex.  The  evidence 
of  })hagocytosis  is  here  more  difficult  to  adduce,  though  some  ajApearances 
may  indicate  that  such  a process  is  going  on. 

In  the  febrile  disease  knoAvn  as  kala  azar,  Avith  Avhich  in  all  })roba- 
bility  another  trypanosome,  as  described  by  Col.  Leishman  and  Major 
Donovan,  is  associated  in  causal  relationship,  phagocytosis  has  been 
observed  by  Sir  P.  Manson  and  Dr.  Loav  (206)  to  take  place  in  the 
spleen.  In  relapsing  fever,  Avhich  recent  research  inclines  to  place  among 
the  protozoan  diseases,  the  important  part  played  by  the  sjAleen  has 
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long  been  known,  and  the  phagocytosis  in  that  organ  of  the  spirillum 
Obermeieri  has  been  observed. 

There  are  thus  in  several  protozoan  infections  features  which  link 
their  pathological  effects  to  those  of  bacterial  disease.  Especially  is  this 
the  case  with  regard  to  the  phagocytic  phenomena  -we  have  observed, 
though  we  are  still  far  from  being  able  to  realise  the  significance  of  the 
phenomena.  It  is  natiu-al,  in  the  light  of  what  we  have  seen  with  regard 
to  bacterial  disease,  that  Ave  should  think  of  such  an  occurrence  in  its 
relation  to  recovery  from  the  disease.  Ko  doubt  such  a disease  as  malaria 
can  be  recovered  from,  but  we  have  no  definite  knowledge  as  to  the  con- 
ditions Avhich  determine  this  event.  It  is  natural  also  that  we  should 
think  of  the  reaction  of  phagocytic  cells  in  relation  to  the  possibility  of 
immunity  being  developed  against  such  disease,  but  here  again  we  cannot 
dogmatise.  Koch  (161)  considers  that  an  immunity  can  be  developed 
towards  malaria,  and  bases  this  opinion  on  observations  made  in  Nerv 
Guinea,  where  he  found  that  often  nearly  all  the  children  in  a village 
might  possess  malarial  parasites  in  their  blood ; the  adults  did  not,  and 
could  go  to  a malarial  region  Avithout  contracting  the  disease.  This 
cannot  be  explained  by  supposing  that  the  insusceptible  adults  Avere  the 
suTA-ivals  of  naturally  immune  individuals.  The  number  of  infected 
children  was  so  great  that  natural  immunity  could  be  said  to  be  practi- 
cally absent,  and  Koch  is  of  opinion  that  an  artificial  immunity  is  cleA-el- 
oped.  Quite  inde23endently  of  Koch,  Drs.  Stephens  and  Christophers 
(318)  in  West  Africa  had  noticed  that  frequently  nearly  all  the  children 
in  a native  settlement  had  malarial  jjarasites  in  their  blood,  and  further, 
that  the  j^t^rasites  were  A^ery  rare  in  children  over  tAvelve.  These 
oljserA'ers  speak  with  caution  as  to  this  being  evidence  of  the  acquisition 
of  immunity,  and,  AA-ith  regard  to  the  question  of  immunity  in  general,  the 
same  attitude  is  taken  up  by  Sir  P.  Manson  (204),  who  rather  chvells  on 
the  facts  of  the  differences  in  susceptibility  manifest  in  different  races. 
There  is  no  doubt,  in  certain  cases  of  Eiu’oi)eans  at  least,  that  rejAeated 
attacks  of  the  disease  do  not  confer  on  an  individual  an  increased  resist- 
ance, but  rather  the  reverse.  The  facts  observed  Avith  regard  to  native 
children  might  thus  be  accounted  for  by  suijposing  that  they  possess  a 
high  degree  of  natural  resistance.  This  opinion  might  be  the  more 
acceptable  in  that  the  children  apparently  suffered  no  inconvenience  from 
the  presence  of  the  parasites  in  their  bodies.  We  must  therefore  adopt  an 
attitude  of  reserve  tOAvards  the  Avhole  question  of  immunity  against 
malaria.  With  regard  to  other  protozoan  infections  Ave  have  practicality 
no  information.  With  regai-d  to  the  Trypanosoma  Brucii,  to  Avhich  a very 
great  smsceptibility  is  manifested,  it  is  doubtful  if  any  immunity  can  be 
e.vperimentally  produced. 

n'.  BaCTKKIOLOGY  in  RkLATION  to  TlIliKAPKUTICS 

The  progre.ss  of  bactenology  has  furnished  facts  of  the  highest 
importance  in  the  elaboration  of  hygienic  measures  for  the  ])reA'cntion 
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of  epidemic  disease.  The  science  has  also  placed  on  a sound  basis  the 
techniqite  which  is  the  essential  of  modern  surgery.  Facts  have  likewise 
come  to  light  of  great  use  in  the  treatment  of  disease  when  it  ari.ses. 

The  excision  of  the  anthrax  pustule,  the  systematic  washing  out  of  the 
infected  puerperal  uterus,  and  even  the  opening  of  an  abscess,  are  all 
expressions  of  the  principle  that  the  mechanical  removal  of  a focus  of 
bacterial  growth  may  be  the  best  method  of  preventing  further  inroads 
by  the  microbes  concerned.  In  the  last  case,  however,  it  is  by  no  means  j 

certain  that  we  understand  all  the  factors  underlying  the  good  results  ■ 

which  follow  on  the  adoption  of  one  of  the  most  ancient  of  surgical  j 

operations.  Still  further,  we  do  not  understand  why  the  bathing  of  the 
lips  of  the  surgeon’s  incision  vdth  a fluid  rich  in,  it  may  be,  virulent 
organisms,  is  not  more  often  followed  by  a general  infection.  A similar  1 

incision  made  in  a healthy  individual  and  similarly  treated  would  : 

undoubtedly  often  be  followed  by  the  gravest  pathological  changes.  : 

That  there  are  unknown  factors  at  work  in  such  circumstances  is  indi-  , 

cated  by  what'  may  occur  in  the  parallel  case  of  plague.  Here  it  has 
been  stated  to  be  questionable  whether  the  insertion  of  a hypodermic 
.syringe  into  a suspected  bubo  for  diagnostic  purposes  is  justifiable.  The 
withdrawal  through  healthy  tissues  of  a needle  infected  with  plague 
bacilli  may  convert  a localised  bubonic  case  of  the  disease  into  a general 
fatal  infection. 

Putting  aside  the  mechanical  removal  of  bacteria  from  a site  of 
infection,  the  progress  of  bacteriology  has  brought  out  certain  methods 
by  which  bacterial  invasion  can  be  prevented,  or  the  results  of  such  an 
invasion  can  be  combated  after  it  has  occurred.  In  considering  these 
we  shall  largely  confine  attention  to  the  scientific  principles  which  may 
underlie  the  various  methods,  and  shall  leave  the  consideration  of  details 
to  the  articles  dealing  with  special  diseases.  We  shall  first  of  all  deal 
with  the  case  of  bacterial  intoxication. 


Antitoxic  Serums 

Practically  all  the  serums  which  antagonise  bacterial  toxins  have  been 
used  therapeutically.  Of  these  by  far  the  most  important  is  the  anti- 
diphtheritic  serum,  but  the  antitetanic  serum  has  also  been  employed. 

Antidiphtheritie  and  Antitetanic  Serums. — The  methods  by  which 
antitoxic  serums  are  produced  have  already  been  detailed.  Fiom  the 
therapeutical  standpoint  the  important  condition  to  be  observed  is  the 
accurate  standardisation  of  the  serum.  This  is  necessary,  as  the  dosage 
must  be  reckoned  in  terms  of  the  immunity  unit  we  have  defined.  The 
actual  application  of  a serum  treatment  to  an  intoxicative  disease  must 
for  its  regulation  depend  on  empirical  data.  We  cannot  have  the  least 
idea  of  the  amount  of  toxin  absorbed  in  any  particular  case  of  diphtheiia, 
and  thus  every  case  must  be  treated  with  the  amount  of  antitoxin  foum 
to  give  the  best  effect  when  applied  in  a large  series  of  cases.  So  far  as 
diphtheria  is  concerned,  two  main  principles  are  well  established.  In  the 
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fii-st  place,  the  earlier  ia  the  disease  the  treatment  is  applied  the  more 
likely  is  it  to  be  beneficial ; secondly,  the  more  severe  the  clinical  type  of 
the  disease,  or  the  later  in  the  disease  the  treatment  is  begun,  the  greater 
ought  the  amount  of  antitoxin  employed  to  be.  Both  of  these  principles 
are  paralleled  in  vhat  is  known  from  actual  animal  experiments ; we 
have  already  stated  that  the  longer  the  time  which  elapses  between  the 
injection  of  a fatal  dose  of  toxin  and  the  injection  of  antitoxin  the 
o;reater  is  the  amount  of  antitoxin  required  to  save  the  animal’s  life.  It 
Las  been  shewn  for  diphtheria  by  Behring  that  in  cases  in  which  treat- 
ment is  commenced  after  the  fourth  day  of  the  disease  the  jii’oportion  of 
recoveries  is  practically  no  greater  than  in  untreated  cases.  In  a case 
suspected  on  clinical  grounds  to  be  one  of  diphtheria  no  time  must  there- 
fore be  wasted  in  waiting  for  a diagnosis  by  the  cultivation  of  the  bacillus 
from  the  throat  Every  ])hysician  ought  to  be  capable  of  undertaking 
the  simple  microscopical  manipulations  which,  in  the  majority  of  cases 
of  diphtheria,  will  confirm  suspicions  based  on  clinical  observations,  and 
when  bacilli  resembling  diphtheria  bacilli  are  detected  the  antitoxin 
ought  to  be  administered  at  once  in  order  that  its  full  benefits  may 
be  available.  The  fall  of  the  mortality  from  diphtheria  since  the 
adoption  of  the  antitoxin  method  of  treatment  is  fully  described  in  the 
article  on  “Diphtheria”  (Vol.  I.  p.  1027).  It  may  here  merely  be 
remarked,  that  the  brilliant  results  obtained  are  largelj'^  dependent  on 
the  fact  that  in  this  disease  the  causal  bacterium  originates  as  its  first 
pathogenetic  effect  a local  reaction  which  leads  to  its  presence  being 
suspected.  Thus,  antitoxin  can  be  introduced  into  the  tissues  of  the 
diseased  indiridual  before  much  toxin  has  been  formed.  The  result  is 
that  when  the  latter  is  absorbed  it  meets  antitoxin,  with  which  it  tends, 
to  combine ; it  never  reaches  susceptible  bodily  cells. 

In  the  treatment  of  natural  tetanus  by  means  of  antitetanic  serum 
the  case  is  unfortunately  difi’erent.  In  animal  experiments  the  efficiency 
of  the  antitoxin  in  preventing  death  after  inoculation  with  the  bacillus 
is  as  great  as  that  of  diphtheria  antitoxin  under  similar  conditions  and  in 
natural  diphtheria.  In  tetanus  in  nature,  however,  there  is  nothing 
specific  in  the  local  reaction  to  indicate  that  infection  has  taken  place  ; 
and  the  disease  is  not  recognised  till  the  spasm-producing  effects  of  the 
toxin  absorbed  have  begun  to  manifest  themselves.  By  this  time  a fatal 
dose  of  the  toxin  has,  in  many  ca.ses,  been  absorbed,  as  is  indicated  by 
the  fact  that  death  may  occur  even  wffien  amputation  of  the  limb  contain- 
ing the  infected  w’ound  has  been  performed  subsequent  to  the  onset  of 
symptoms.  The  administration  of  antitoxin  must  thus  depend  for  its 
effect  wholly  on  the  capacity  of  the  therapeutic  reagent  to  detacli  toxin 
from  the  cells  on  which  it  is  already  acting.  With  regard  to  tetanus, 
we  need  only  say  that  the  impossibility  of  early  recognition  of  the 
disease  is  a sufficient  explanation  why  in  this  disease  the  antitoxin  ti-eat- 
ment  has  not  been  followed  by  any  marked  lowering  in  the  death-rate. 

e consider,  however,  that  the  treatment  should,  nevertheless,  always 
be  applied.  In  the  course  of  a very  considerable  experience  of  acute 
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tetanus,  we  have  occasionally  seen  cases  in  which  the  prognosis  was  of 
the  gravest  character,  and  in  Avhich  recovery  followed  enormous  doses 
(especially  by  intravenous  injection)  of  antitetanic  serum.  Even  in  cases 
which  would  be  classed  as  chronic  it  is  advisable  to  give  antitoxin, 
though  spontaneous  recovery  would  often  occur.  The  reason  is  that 
sometimes,  even  when  the  onset  of  the  disease  has  been  delayed  and  its 
development  is  slow,  serious  symptoms  may  eventually  appear. 

These  two  diseases — diphtheria  and  tetanus — constitute  the  cases  in 
which  not  only  has  scientific  investigations  of  the  conditions  of  .successful 
therapeutics  been  most  fully  followed  up,  but  in  which  scientific  deduc- 
tions have  been  substantiated  by  practical  experience.  Further,  they 
furnish  the  simplest  and  purest  cases  of  bacterial  intoxication  known.  In 
both  cases  what  threatens  life  in  an  animal  attacked  is  the  effect  pro- 
duced on  the  nervous  elements  of  the  body  ; thus,  tliough  the  tetanus 
bacillus  in  many  cases  produces,  in  addition  to  the  neurotoxin,  a hemo- 
lytic poison,  there  is  no  evidence  that  the  latter  under  natural  conditions 
causes  distinctly  dangerous  effects. 

Antivenenes. — It  is  different  with  the  case  of  what,  from  the  human 
standpoint,  is  a very  important  group  of  soluble  toxins — namely,  the 
snake-poisons.  Here,  as  we  have  seen,  there  is  a complexity  of  patho- 
genetic effects  which  must  be  combated — neurotoxic,  haemolytic,  and 
necrotic.  Not  only  so,  but  an  additional  difficulty  is  presented  in  the 
great,  though  not  absolute,  specificity  which  an  antivenene  manifests 
towards  the  venom  of  the  isarticular  snake  used  in  its  manufacture.  It 
is  thus  impracticable  in  a great  snake-ridden  country  like  India  to 
prepare  serums  specific  for  every  case  of  snake-bite.  The  difficulty  is  being 
met  by  immunising  the  same  serum-producing  animal  against  more  than 
one  snake.  The  venoms  of  the  most  common  species  of  different  geneva 
are  employed.  Thus  in  the  Pasteur  Institute  of  India  the  only  serum 
sent  out  is  that  of  horses  immunised  with  botli  cobra  and  daboia  venoms. 
The  therapeutic  value  of  such  serums  has  still  to  be  tested,  and  other 
factors  besides  those  specified  may  militate  against  success  following  their 
use.  Thus,  Major  Lamb  (174a)  has  shewn  reason  for  suspecting  that  the 
amount  of  poison  which  a snake  such  as  the  cobra  injects,  if  its  glands 
are  fully  emptied,  is  probably  many  times  the  minimal  lethal  dose  for 
man.  A favourable  feature  is  that  apparently  it  is  possible  to  get  an 
antivenene  to  act  efficientl}'^  in  a very  late  stage  of  the  disease.  Thus, 
Noguchi  (258)  obtained  an  anti -rattlesnake  serum  which  could  save  a 
sick  animal  when  the  limit  of  average  duration  of  fatal  illness  was  nearly 
reached — and  in  certain  cases  even  when  this  limit  had  been  passed  before 
treatment  was  begun. 

The  Rationale  of  Antitoxin  Action. — We  may  here  briefly  recapitulate 
the  chief  points  regarding  the  manner  of  the  action  of  antitoxin  which 
have  been  fully  discussed  under  the  heading  of  “Immunity.”  Mhen 
an  antitoxin  is  administered  early  in  a case  of  disease  much  of  its  efficacy 
is  undoubtedly  due  to  its  neutralising  toxin  as  the  latter  passes  from 
the  focus  of  infection  into  the  circulation,  and  before  absorption  by 
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sensitive  cells  occurs.  We  have  seen,  when  spealung  of  toxin-fixation, 
that  a poison  of  this  class,  when  absorbed,  rapidly  passes  out  of  the 
circulation,  and  also  that  the  longer  the  interval  between  such  a dis- 
appearance and  the  administration  of  antitoxin  the  greater  is  tlie 
multiple  of  the  simple  in  vitro  neutralising  dose  of  the  antidote  which 
must  be  injected  to  prevent  a fatal  issue.  This  leads  to  the  conception 
that  in  such  a case  the  antitoxin  must  act  by  detaching  toxin  from  the 
cells  to  which  it  is  already  fixed.  It  is  easy,  on  the  Ehrlich  hypothesis, 
to  speak  of  the  fixation  of  the  haptophcrous  group  of  the  toxin-molecule 
on  receptors  in  the  protoplasmic  molecules  of  sensitive  cells,  but  this 
niav  be  a very  imperfect  description  of  the  reality.  Either  the  toxin, 
having  gained  access  to  the  cell  and  become,  as  it  were,  entangled  in  its 
protoplasm,  is  slowly  fixed  chemically  to  intracellular  molecules,  or 
fixation,  though  at  once  commenced,  is  a slow  and  probably  complicated 
process,  and  becomes  more  complete  the  longer  the  molecules  concerned 
are  left  in  contact.  Some  such  conception  might  explain  the  necessity 
for  enormous  excess  of  antitoxin  being  employed  in  order  to  prevent  the 
pathogenetic  effects  of  toxin  which  has  been  for  some  time  in  contact  with 
cellular  substance, — if  we  accept  the  view  that  the  interaction  of  toxin  and 
antitoxin  is  of  a chemical  nature.  On  the  conception  that  toxin  is 
entangled  before  it  is  fixed,  it  may  be  that  from  the  larger  size  of  the 
antitoxin  molecule  the  latter  has  great  difficulty  in  entering  the  cellular 
molecule ; thus,  the  longer  the  delay  in  the  antitoxin  injection  the 
greater  the  number  of  antitoxin  molecules  that  must,  as  it  were,  bombard 
the  cell  in  order  that  sufficient  may  get  through  to  reduce  the  toxin  fixed 
below  the  minimal  amount  lethal  to  the  cell.  From  the  observation  that 
an  animal  can  be  saved  even  after  toxic  phenomena  have  begun  to  be 
manifested,  it  is  more  likely  that  we  have  to  deal  Avith  a very  complicated 
fixation  process,  which  even  after  being  partially  accomplished  can  still  1>e 
undone.  How  this  undoing  of  the  combination  between  cellular  receptor  and 
toxin  comes  about  Ave  cannot  say  until  Ave  haA^e  clearer  knoAvledge  of  the 
nature  of  the  toxin-antitoxin  reaction.  If  the  Arrhenius-Madsen  vieAv 
of  this  reaction  be  correct,  then  Ave  must  consider  Avhat  Avill  happen  Avheu 
the  rever.sible  cell-receptor-toxin  reaction  goes  on  in  the  presence  of  great 
exces-s  of  the  unattached  cell -receptors,  of  which  Ave  haA^e  seen,  on 
Ehrlich’s  hypothesis,  the  antitoxin  molecules  consist.  Evidently  some  of 
the  toxin  molecules,  on  becoming  free  from  the  receptor-toxin  combina- 
tion, of  Avhich  they  have  formed  a part,  Avill  become  attached  to  the 
side-chains  of  the  antitoxin  molecules,  and  thus  Avill  no  longer  be  in  a 
position  to  affect  the  cell  harmfully.  It  is  true  that  the  antitoxin-toxin 
combination  may,  in  virtue  of  reversibility,  be  again  broken  up,  but 
evidently  if  the  antitoxip  molecules  be  in  excess  of  the  cell-receptors, 
then,  if  this  breaking  up  occurs,  the  probability  Avill  be  that  the  toxin 
[)art  AA-ill  become  combined  Avith  another  antitoxin  molecule  rather  than 
with  a cell-receptor.  It  is  avcH  to  bear  in  mind  that  often  the  detach- 
ment of  a very  .small  moiety  of  toxin  from  the  cells  Avould  turn  the  scale 
in  favour  of  the  recovery  of  the  latter.  If  the  toxin-antitoxin  reaction 
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be  of  the  nature  of  adsorption,  we  must  know  more  of  the  nature  of  such 
phenomena  before  venturing  on  an  explanation.  In  any  case,  our  ideas 
on  the  subject  must  for  the  present  be  of  a highly  theoretical  character. 
We  ha-\"e,  however,  to  face  the  observation  that  the  administration  of 
antitoxin  to  an  animal  after  toxic  symptoms  have  appeared  may  pi-event 
the  fatal  issue  which  otherwise  would  certainly  occur.  Further,  all  our 
information  points  to  the  conclusion  that  the  toxin-antitoxin  reaction  is 
a chemical  one,  and  we  are  therefore  forced  to  attempt  a chemical 
explanation  of  recovery  in  the  circumstances  named. 

The  Prophylactic  Use  of  Antitoxic  Senms. — -In  concluding  this  section  we 
may  refer  to  the  prophylactic  use  of  antitoxic  serums.  This  at  2>re.sent  is 
confined  to  the  injection  of  autidiphtheritic  serum,  and  is  usually  practised 
in  those  who  have  been  or  who  are  being  exposed  to  di2)htheritic  infection. 
Undoubted  success  has  followed  such  efforts  to  prevent  the  spread  of 
the  disease,  and  several  interesting  questions  are  thereby  raised.  With 
regard  to  the  actual  prevention  of  intoxication  it  is  2>lain  that  antito.xin 
circulating  in  the  blood  would  at  once  neutralise  toxin  as  it  was  absorbed 
from  a focus  of  infection.  The  imf^ortant  aspect  of  the  jihenomena 
involved  is  that  the  jn’esence  of  antitoxin  in  the  bodily  fluids  makes  it 
impossible  for  the  bacilli  to  settle  down,  and  thus  2>i’events  the  formation 
of  any  focus. 

Intoxication  Effects  in  the  true  Infections. — We  have  seen , that  jirobably 
many  of  what  may  be  called  true  infections,  in  contradistinction  to 
intoxications,  j^resent  in  addition  effects  due  to  soluble  toxins.  Etddence 
of  an  occurrence  of  this  kind  in  cholera  is  found  in  the  work  of  Metchni- 
koff,  Roux,  and  Taurelli-Salimbeni  (239)  already  alluded  to.  These 
observers  found  that  an  antitoxin  could  be  formed  which  protected  animals 
against  the  filtered  products  of  the  cholera  vibrio.  In  jdague  jMarkl  (212) 
has  attempted  to  counteract  alleged  toxic  effects  produced  liy  the  Bacillus 
pestis  by  the  use  of  an  antitoxic  serum,  but  not  enough  is  at  present 
known  about  the  true  pathology  of  the  disease  even  to  allow  us  to  judge 
of  the  attitude  to  be  adopted  toAvards  such  an  efibrt.  In  man,  cholera 
and  tyi^hoid  fever  are  diseases  in  Avhich  intoxication  appears  to  be  a 
ju'ominent  feature,  but  iinictically  nothing  has  been  done  in  the  Avay  of 
combating  such  intoxication  by  antitoxic  serums.  In  other  infections  in 
Avhich  the  explanations  of  the  several  phenomena  manifested  are  more 
obscure,  nothing  in  the  way  of  internal  therajjeusis  is  possible. 


Bactericidal  Serums 

As  to  the  therapeutic  ap^jlications  derived  from  the  immense  amount 
of  work  devoted  to  the  elucidation  of  the  j^roperties  of  bactericidal  serums 
there  is  little  to  report.  While  there  is  little  difficulty  in  obtaining  a serum 
which  will  j)rotect  an  animal  against  inoculation  Avith  such  an  agent  as 
the  typhoid  or  cholera  organisms,  and  Avhich  AA-iil  even  have  a curatiA’e 
influence,  it  has  not  been  found  practicable  to  apply  to  any  great  extent 
the  method  of  jiassiA'e  immunisation  in  the  treatment  of  disease  arising 
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uacurallv.  lu  tlie  case  of  typhoid  attempts  have  been  made  by  several 
investig-citoi's,  but  without  any  striking  success.  In  dysentery  a combina- 
tion of  passive  with  active  immunisation  has  been  practised  by  Shiga  (3  1 0) 
with  more  success.  Tlie  cases  of  the  antiplague  and  antistreptococcic  serums 
we  must  reserve  for  special  consideration.  Many  obstacles  prevent — in 
the  meantime  at  least — the  utilisation  of  passive  immunisation  in  the 
treatment  of  the  true  infections.  One  of  these  is  the  difficulty  in  obtain- 
ing antibacterial  serums  of  a high  potency  such  as,  on  the  analogy  of  the 
antitoxic  serums,  we  should  e.vpect  would  be  necessary  for  the  successful 
combating  of  natural  disease.  The  chief  reason  for  this  is,  as  we  have 
seen,  that  while  immune  body  is  readily  increased  bj^  an  immunisation- 
process,  all  attempts  to  obtain  a proportionate  rise  in  complement  have 
hitherto  been  unsuccessful.  But  there  are  further  reasons  which,  on 
consideration  of  the  scientific  aspects  of  bactericidal  action,  will  be  at 
once  effident.  One  of  these,  which  follows  on  the  last  given,  is  that,  even 
if  a serum  rich  in  immune  body  be  obtained,  still  when  this  is  injected 
into  a sick  indmdual  his  body  may  not  contain  sufficient  complement 
to  take  advantage  of  the  immune  body  introduced.  Further,  if  future 
inve.stigation  should  substantiate  iSTeisser  and  Wecbsberg’s  deductions, 
there  is  a positive  danger  to  an  animal  in  the  administration  of  immune 
Ixxly  in  excess  of  the  complement  available  for  its  utilisation.  In  such  a 
case  immune  lx)dy,  being  in  excess  (there  not  being  sufficient  bacteria  to 
take  it  all  up),  may  anchor  a part  of  the  available  complement  and  pre- 
vent an  important  moiety  of  tlie  latter  from  manifesting  its  action  through 
the  immune  body  really  attached  to  tlie  bacteria.  But,  further,  comple- 
ment may  not  only  be  deficient  in  quantity,  but  there  may  be  a defect 
in  quality.  There  is  no  doubt  that  an  immune  body  which  is  capable  of 
saffing  one  species  of  animal  from  infection  may  be  inojrerative  in 
another  species.  This  fact  remains,  whatever  view  be  taken  of  Ehrlich’s 
explanation,  that  the  phenomenon  depends  on  the  multiplicity  of 
immune  bodies  and  complements,  and  the  specificity  of  a particular 
immune  body  for  a particular  complement.  Thus,  Wechsberg  (349) 
found  that  usually  pigeons  possess  no  complement  which  can  enable  them 
to  utili.se  an  immune  serum  derived  from  the  rabbit  for  protection  against 
infection  with  the  vihrio  Mekhnikovi.  On  the  other  hand,  cases  are 
known  in  which  an  immune  body  of  one  species  of  animal  can  be 
complemented  in  another  species.  Thus  Shiga,  in  his  work  with  the 
/I.  dijaenterup.  (.3 1 1 ),  hius  brought  forward  evidence  th.at  the  immune  body 
of  a bactcricidiil  senim  produced  by  the  horse  can  be  complemented  in 
normal  human  bloofl.  In  the  cases  of  many  serums  there  is  little  doubt 
that  a sufficient  or  efficient  complement  does  not  exist  in  human  blood, 
and  for  the  present  this  fact  limits  the  ai)plication  of  bacterial  thera- 
peutics in  the  disea,ses  involved.  Considerable  search  has  been  instituted 
with  a view  U>  finding  foreign  complementary  scrums  winch  would  for  a 
given  animal  act  in  conjunction  with  foreign  immune  body.  'I'hus,  in 
the  work  with  the  vihrio  Mi'lrlmilcod  just  alluded  to.  W'echsbt'rg  found 
for  the  pigeon  that  immune  body  from  the  rabbit  could  be  complemented 
voi,.  II. — KT.  I X 
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by  normal  rabbit  serum.  The  effect  was,  however,  not  obtained  v'ith  all 
individuals.  The  explanation  is  either  that  the  introduction  of  a foreign 
complement  causes  such  a I’apid  production  of  anticomplement  that  some 
of  the  remaining  complement  is  neutralised,  or  that  in  the  bodily  cells 
there  may  be  receptors  capable  of  fixing  comjfiement  and  thus  prevent- 
ing its  action  on  the  invading  bacteria.  Ehrlich  (97)  summed  up  the  ' 
situation  in  1 900  as  follows  : — “ From  this  it  appears  that  in  the  thera- 
peutic application  of  antibacterial  serums  to  man,  therapeutic  success  is 
only  to  be  attained  if  we  use  either  a bacteriolysin  with  a ‘complement’ 
which  is  stalDle  in  man  (‘  anthropostabile  complement  ’),  or  at  least  a 
bacteriolysin,  the  ‘ immune  body  ’ of  which  finds  in  human  serum  an 
appropriate  ‘ complement.’  The  latter  condition  will  be  the  more  readily 
fulfilled  the  nearer  the  species  employed  in  the  immunisation-'process  is 
to  man.  Perhaps  the  want  of  success  that  as  yet  has  attended  the 
employment  of  typhoid  and  cholera  serums  will  be  obviated  if  the  serum 
be  derived  from  apes,  and  not  taken  from  species  so  distinctly  removed 
from  man  as  the  horse,  goat,  or  dog.  However  this  maj’^  be,  the  question 
of  the  provision  of  the  appropriate  ‘ complement  ’ will  come  more  and 
more  into  the  foreground,  for  it  really  represents  the  centre  round  which 
the  practical  advancement  of  bacterial  immunity  must  turn.”  This  state- 
ment may  l)e  taken  as  representing  the  condition  in  which  matters  stand 
at  the  present  time  in  the  cases  of  those  diseases  in  which  immune  body  j 
and  complement  are  conceimed  in  bactericidal  action.  It  may  be  said 
that  Sir  A.  E.  Wright  (370<i)  holds  many  of  the  antibacterial  serums  in  1 
use  to  be  really  bacterial  vaccins,  i.e.  tliey  owe  any  action  they  possess  to  . 
containing  some  of  the  bacterial  poisons  originally  injected  into  the  | 
animal  from  which  they  have  been  derived. 


Antiserums  of  Unknovm  Action 

We  must  now  proceed  to  speak  of  certain  antiserums  used  therapeuti- 
cally which  from  their  origin  and  mode  of  action  appear  to  require  special 
consideration. 

Antistreptoeoeeie  Serum.  — The  immunisation  of  animals  against 
the  pyogenetic  streptococci  is  a matter  of  great  difficulty,  and  the  results 
when  immunisation  is  accomplished  are  uncertain  as  regards  both  degree 
and  duration.  This  is  what  might  be  expected  from  the  data  of  human 
]iathology.  As  is  well  known,  an  individual  may  at  short  intervals  suffer 
from  repeated  attacks  of  streptococcic  infection  without  manifesting  either 
temporary  or  permanent  loss  of  susceptibility.  Many  animals,  such  <is 
the  rabbit,  are  singularly  insusceptible  to  streptococci,  at  any  rate  to 
strains  derived  from  human  sources.  The  virulence  of  the  organism  can, 
however,  be  raised  by  such  measures  as  passage,  growth  on  special  media, 
etc.,  and  when  disease  conditions  are  once  produced  the  way  is  opened 
tip  for  immunisation  processes.  But  it  is  always  difficult  to  gauge  the 
degree  of  immunisation  produced  by  any  particular  dose  of  a culture,  and 
thus  at  almost  any  stage  of,  at  any  rate  a prolonged,  immunisation  an 
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auimul  may  be  reiulcred  most  seriously  ill,  or  may  die.  There  is  no 
doubt,  however,  that  a degree  of  active  immunity  can  be  produced ; and, 
further,  that  when  careful  immunisation  is  pursued  for  from  six  to  eighteen 
months,  there  can  be  obtJiined  from  animals,  such  as  the  horse  and  ass, 
a serum  which  has  in  animals  both  protective  and  curative  properties.  Such 
results  have  been  attiiined  notably  by  Marmorek  (214)  and  Aronson  (5). 
The  strength  of  such  serums  may  be  judged  of  by  the  fact  that  a few 
milligrammes  may,  if  injected  twenty-foiu-  hours  previous  to  inoculation, 
protect  a rabbit  against  1 0 M.L.D.  of  a streptococcal  culture,  and  even  if 
the  injection  be  delayed  till  several  hours  after  inoculation,  death  may  still 
be  prevented. 

Though  the  accuracy  of  these  observations  is  undoubted,  nothing  is 
known  of  the  way  in  which  the  serum  acts.  There  is  little  reliable 
evidence  that  it  possesses  any  definite  bactericidal  action,  though  with 
regard  to  this  point  it  is  most  desirable  that  investigation  should  be 
carried  out  by  the  more  accurate  methods  applied  in  recent  times  to  other 
seriuns.  Both  Ai'onson  and  v.  Lingelsheim  (335)  hold  that  there  is  a slight 
bactericidal  action,  but  give  no  details  of  the  experiments  on  Avhich  this 
opinion  is  based.  Apparently  they  do  not  think  that  any  such  effect 
which  may  exist  is  sufficient  to  account  for  the  action  of  the  serum. 
Bordet  (35),  who  gives  more  particulars  of  his  methods,  is  of  opinion 
that  the  serum  does  not  possess  bactericidal  properties,  does  not  confer 
bactericidal  properties  on  the  serum  of  the  animal  which  it  protects,  and 
does  not  have  any  effect  in  diminishing  the  virulence  of  the  strejDtococcus. 
Again,  there  is  no  etddence  of  a bacteriolytic  effect  being  present,  though 
slight  changes  in  staining  reaction  have  been  observed  in  cocci  exposed 
to  the  action  of  the  serum.  The  only  definite  effect  which  the  serum  has 
been  observed  to  have  on  streptococci  is  that  of  agglutination  (Aronson, 
Bordet).  Aronson  has  made  a few  very  incomplete  inquiries  as  to  the 
possibility  that,  as  regards  its  constituents,  the  serum  falls  into  line  with 
anticholeraic  and  antityphoid  serums.  He  sought  to  anchor  any  possible 
amboceptor  present  by  leaving  the  serum  in  contact  with  streptococci  for 
a considerable  period ; but  on  separating  it  from  the  bacteria  he  could  find 
no  eHdence  that  it  was  less  active  than  before.  Hence  he  concludes  that 
probably  nothing  of  the  nature  of  an  immune  body  is  present.  In  this 
connexion  the  e.xperiments  of  Denys  and  Leclef  (84)  may  be  mentioned. 
These  observers  immunised  rabbits  against  the  Streptococcus  pyogenes. 
and  found  that,  while  the  serum  of  fresh  rabbits  shewed  no  bactericidal 
action  on  the  bacteria  in  question,  such  an  action,  though  in  a slight 
degree,  was  manife.sted  by  the  serum  of  immune  animals.  Further,  the 
leucocytes  of  a normal  rabbit  had  little  or  no  phagocytic  action  on 
streptococci ; but  if  these  non-potent  cells  were  placed  in  the  serum  of  an 
immune  animal  they  manifested  great  activity  and  killed  the  organisms. 
Again,  if  the  leucocytes  of  an  immune  aniipal  were  placed  in  the  scrum 
of  a fresh  nibbit  they  did  not  shew  any  great  phagocytic  power.  These 
oljservations  may  be  interj>rcted  in  two  ways  : either  as  shewing  that  for  a 
maximum  Ixtctericidal  effect  two  substances  are  in  reality  nece.ssaiy,  one 
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present  in  the  immune  animal’s  serum  and  the  other  in  the  leucocytes ; 
or  as  being  evidence  of  some  such  opsonic  effect  as  has  been  found  by 
Sir  A.  E.  Wright  to  be  at  work  in  similar  cases.  Bordet  is  of  opinion  that 
the  serum  neutralises  tbe  repellent  influence  exercised  by  streptococci 
on  leucocytes.  It  was  in  this  connexion  that  he  made  the  observations 
which  are  brought  forward  as  justifying  the  idea  of  the  existence  of  an 
actual  negative  chemiotaxis  as  apart  from  a mere  state  of  indifference 
on  the  part  of  leucocytes  {v.  p.  137).  The  effect  of  the  use  of  anti- 
streptococcic serum,  according  to  Bordet,  is  to  transform  the  negative 
into  a positive  chemiotaxis.  An  interesting  observation  by  Bordet  is 
that  in  such  a case  there  usually  occurs,  a considerable  number  of  hours 
after  inoculation,  a sudden  local  increase  of  phagocytes — what  may  be 
described  as  a phagocytic  crisis.  Aronson,  while  not  adopting  the  view 
that  phagocytic  activity  is  the  essential  factor  in  the  potency  of  the 
serum,  is  of  opinion  that  in  some  way  the  spread  of  the  bacilli  from  the 
point  of  inoculation  to  the  body  generally  is  prevented,  and  he  has 
brought  forward  evidence  that  this  really  happens. 

It  might  be  suggested  that  the  antistreptococcic  serums  have  an  anti- 
toxic action.  We  have  no  facts  bearing  on  such  a view.  Eecent  cultures 
of  streptococci  when  filtered  are  usually,  even  in  the  largest  doses,  non- 
toxic. Whether,  however,  the  bacteria  form  in  the  immune  body  to.xic 
substances  of  the  nature  of  aggressins  we  do  not  know.  Such  an  occur- 
rence would  fall  in  with  Bordet’s  view  of  the  pathogenetic  action  of  the 
organisms,  but  no  investigations  have  up  till  now  been  made  which 
throw  light  on  the  subject.  It  is  thus  undoubtedly  true  that  an  active  1 
antistreptococcic  serum  can  be  obtained,  but  no  satisfactory  explanation  1 

of  its  action  is  forthcoming ; on  the  whole  the  most  probable  view  is  ' 

that  which  regards  its  effect  on  leucocytes  as  the  important  factor.  ^ 

The  serums  of  Marmorek  and  Aronson  have  been  widely  used  as  thera-  i 
peutic  agents  in  severe  streptococcic  infections  in  man.  The  prognosis 
in  any  case  of  such  infection  is  so  uncertain  that  it  is  very  difficult  to 
judge  of  the  results  which  have  been  obtained.  Certainly  no  striking 
diminution  has  occurred  in  the  mortality  of  such  a common  condition  as 
streptococcic  puerperal  disease,  but  no  doubt  cases  have  occurred  in  which 
apparently  good  results  have  followed  the  treatment.  We  do  not  know 
the  conditions  which  limit  the  application  of  the  serum  in  animal  ex-  ^ 
perimeuts,  and  thus  we  cannot  determine  in  what  circumstances  in  a 
human  infectious  disease  benefit  is  likely  to  accrue.  The  results  of  Neisser 
and  Weehsberg  at  one  time  rendered  it  doubtful  whether  the  use  of  anti- 
streptococcic serum  was  justifiable,  as  a harmful  effect  might  possibly 
follow.  As  we  have  seen,  there  is  no  evidence  that  the  effect  of  the 
serum  is  due  to  the  presence  of  immune  body  and  complement,  so  that 
this  objection  may  for  the  present  be  neglected. 

The  appai'ent  inefficacy  of  this  serum  has  led  to  the  rather  hostile 
attitude  at  present  adopted  towards  its  use.  According  to  some  the 
cause  of  the  apparent  want  of  success  is  due  to  the  extreme  variability 
supposed  to  be  characteristic  of  the  pyogenetic  streptococci.  There  has 
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always  been  consiclerablo  controversy  as  to  whether  all  the  organisms 
isolated  from  so  iiianj'  different  indanimatory  diseases,  and  possessing  the 
broad  characters  associated  with  the  Streptococcus  pyogenes,  ought  i-eally  to 
be  classed  in  one  species,  and  from  the  present  standpoint  it  has  been 
asked  whether  a serum  active  against  one  strain  of  the  bacterium  is  really 
active  against  all  strains.  IMarmorek  (21.5)  asserts  that  such  is  the  case, 
but  his  opinion  is  not  based  on  the  observation  of  identical  action  in 
serums  generated  by  different  strains,  but  on  the  possession  by  a series  of 
strains  of  a similar  haemolytic  action.  Aronson  states  that  his  serum 
was  efficient  against  strains  derived  from  many  sources,  but  van  de 
Velde  (331)  in  an  elaborate  inquiry  came  to  a different  conclusion. 
This  observer  immunised  animals  with  different  strains,  and  found  that  a 
serum  generated  by  a strain  A did  not  necessarily  antagonise  a strain  B, 
and  conversely.  He  made  the  important  observation,  however,  that  if 
both  strains  were  used  in  the  immunisation  of  an  animal,  a serum  was 
obtained  which  was  efficacious  against  both.  As  a result  many  “poly- 
valent ” serums  have  been  prepared  by  the  use  in  the  immunisation  of  the 
serum-bearing  animal  of  a great  many  difl'erent  strains  of  streptococci 
derived  from  different  morbid  conditions.  There  is  little  doubt  that 
such  polyvalent  serums  should  be  used  in  cases  in  which  it  is  considered 
ad^^sable  to  administer  antistreptococcic  serums. 

In  the  immunisation  of  animals  with  various  streptococci  there  have 
sometimes  been  introduced  strains  derived  from  the  throats  of  scarlet 
fever  cases,  and  the  resulting  serums  have  been  used  in  the  treatment  of 
that  disease  (Aronson  (6),  also  art.  “Scarlet  Fever,”  p.  463).  Any  alleged 
part  played  by  such  cocci  in  the  etiology  of  this  infection  rests  on  insuf- 
ficient data ; nothing  can  be  said  regarding  these  therapeutic  applications. 

Antiplague  Serum. — Several  investigators  have  prepared  serums  de- 
signed to  combat  the  action  of  the  B.  pestis.  Of  these  the  chief  are 
Yersin,  Calmette,  and  Borrel  (380),  and  Lustig  (191).  Yersin  used 
for  immunisation  the  bodies  of  bacilli  killed  by  exposure  at  58°  C., 
Lustig  a nucleo-proteid  derived  from  the  bodies  of  the  bacilli.  The 
properties  of  Yersin’s  serum  in  protecting  animals  under  experimental 
conditions  were  investigated  by  a German  commission  under  Kolle  and 
others  (164).  The  protection  afforded  was  partial  in  that,  under  the  most 
favourable  conditions,  less  than  a third  of  the  animals  inoculated  sur- 
vived ; it  was  also  of  short  duration,  and  after  a few  days  all  effects  had 
been  lost.  If  the  serum  were  injected  after  the  animal  had  been  infected, 
a curative  effect  wa.s  sometimes  noticeable  up  to  about  eighteen  hours — 
if  this  periofl  were  passed  the  animals  died. 

With  regard  to  the  properties  on  which  any  protective  action  dejiends, 
Kolle  and  Martini  (165)  have  observed,  in  intraperitoneal  infection  of 
animals  protected  by  the  serum,  microscopic  appearances  analogous  to 
those  presented  iii  Pfeiffer’s  jffienomenon  as  seen  in  a similar  cholera 
infection.  Markl  121.3),  working  on  the 'effects  of  aTitiplague  scrum  on 
plague  bacilli  in  vitro,  in.activjited  horse-serum  by  heat  and  found  it  had 
no  Ijactericidal  action  ; on  adding  to  such  inactivated  serum  fresh  rat- 
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serum  a certain  amount  of  bactericidal  action  was  observed, — accompanied 
microscopically  by  changes  in  the  bacilli  as  described  by  Kolle  and 
Slartini.  On  adding  rat-lymph,  rich  in  leucocytes,  extracellular  micro- 
scopic changes  could  be  observed,  and  also  pronounced  phagocytosis. 
In  animals  Markl  observed  that  a rich  leucocytosis  occurred  when 
virulent  bacilli  and  the  protective  serum  were  injected.  The  administra- 
tion of  a greater  dose,-  than  the  serum  injected  could  neutralise,  was 
followed  by  an  incomplete  phagocytosis  and  a subsequent  fatal  issue. 
The  phagocytosis  seemed  to  depend  on  a sensitising  action  of  the  serum 
on  the  bacteria,  for  it  followed  in  an  intense  degree  the  injection  of 
organisms  which,  after  being  left  in  contact  with  the  serum,  had  been 
separated  and  several  times  washed.  An  important  point  noted  was  that 
when  a non-virulent  culture  was  injected  the  bacteria  seemed  to  perish 
extracellularly  without  phagocytosis  occurring.  The  antiplague  serum 
has  been  stated  to  have  no  antitoxic  properties.  Kolle  (102)  found 
that  the  filtrates  of  young  cultures  shewed  no  toxic  properties. 
When  the  bacilli  were  separated  by  centrifugation  from  young  killed 
bouillon  cultures  the  fluid  was  found  to  be  toxic,  as  were  also  the 
filtrates  of  old  cultures.  But  the  ordinary  antiplague  serums  had  no 
capacity  of  neutralising  these  effects.  Further,  an  attempt  to  immunise 
horses  by  injecting  increasing  doses  of  these  intracellular  toxins  was 
unsuccessful,  no  antitoxic  serum  being  formed ; and  the  serum  of  these 
horses  was  incapable  of  protecting  animals  against  infection  with  living 
bacilli.  We  thus  see  that  by  an  antiplague  immunisation  a serum  can 
be  produced  which  has  a certain  protective  and  a very  limited  curative 
power  in  animals ; the  cause  of  these  actions  is  quite  unknown. 

Antiplague  serums  have  been  used  both  prophylactically  and  thera- 
peutically in  man.  The  view  usually  taken  is  that  they  may  have  a slight 
efl'ect  in  modifying  the  clinical  course  of  the  disease,  and  may  be  of  use 
in  conferring  a short-lived  protection  on  those  who,  without  having  had 
the  previous  opportunity  of  undergoing  the  active  immunisation  pro- 
cesses to  be  presently  described,  may  have  to  come  into  contact  with 
plague  cases. 

Antianthrax  Serum. — Both  small  animals,  such  as  the  rabbit,  and 
large,  such  as  the  sheep  or  ass,  can  be  immunised  against  anthrax,  so  that 
ultimately  they  will  withstand  very  large  doses  of  virulent  cultures. 
The  method  usually  adopted  is  to  commence  the  immunisation  by  using 
the  vaccins  introduced  by  Pasteur  for  the  protective  inoculation  of 
cattle,  and  then  to  follow  this  up  by  injecting  every  few  days  about  -i 
M.L.D.  of  a virulent  culture.  Such  a procedure  was  adopted  by 

Marchoux.  Sclavo  (309)  improved  on  this  method  by  first  inject- 
ing some  antianthrax  serum  previously  obtained  by  such  means  and 
then  injecting  the  living  bacilli.  By  this  method  the  first  doses  of 
the  latter  were  prevented  from  having  a pathogenetic  eftect,  and  the 
immunisation  ■ process  could  proceed  more  rapidly  and  also  apparently 
more  effectively.  From  highly-immunised  animals  a serum  is  obtained 
which  (in  comparatively  large  doses)  will  protect  animals  against 
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Otherwise  fatal  infection,  and  wliich  has  also  a very  definite  eurative 
action. 

Here,  again,  the  question  arises.  On  Avhat  does  the  action  of  the  serum 
depeiuH  Sobernheim  (315)  wjus  unable  to  detect  in  the  antianthrax 
serum  any  degree  of  bactericidal  action  greater  than  that  possessed  by 
scrum  from  an  unimmunised  animal  of  the  same  species.  Similar  results 
were  obtained  bj'  Sawtchenko  (304).  Sclavo  made  some  inquiries  with 
a view  to  determining  if  the  action  of  the  serum  depended  in  any  way 
on  the  presence  of  immune  body  and  complement.  He  found  that 
his  serum,  if  heated  to  55'’  C.,  protected  rabbits  as  well  as  when  un- 
heated. This  might  have  been  due  to  its  being  sufficiently  complemented 
in  the  rabbits’  body-fluids.  He  therefore  produced  a rabbit  anti- 
complement, and  introduced  this  serum  (heated  to  55°  C.)  along  with  the 
antianthrax  sermn.  The  effect  of  the  latter  was  in  no  way  impaired. 
From  this  Sclavo  concludes  that  the  action  of  the  serum  probably  does 
not  depend  on  the  combined  action  of  amboceptor  and  complement. 
Both  Marchoux  and  Sawtchenko  considered  that  the  serum  in  some  way 
acted  on  the  leucocytes,  and  that  the  resulting  phagocytosis  determined 
the  protective  results  obtained.  Sobernheim,  while  not  finding  evidence 
of  such  definite  dependence  of  recovery  on  phagocytosis,  thinks  that 
somehow  or  other  the  effect  of  the  serum  depends,  not  on  a direct  action 
on  the  invading  bacteria,  but  on  an  indirect  action  in  the  bodily  tissues 
by  which  the  latter  are  enabled  to  prevent  the  spread  of  the  organisms 
from  the  inoculation  site.  He  is  led  to  this  idea  by  the  large  part  played 
by  the  indiHduality  of  the  animal  on  the  results  produced ; a much 
larger  proportion  of  individuals  will  not  respond  to  protective  measures 
than  is  the  case  with,  say,  diphtheria  or  tetanus’,  in  Avhich  the  curative 
serum  seems  to  act  directly  on  the  pathogenetic  substance.  The  question 
of  the  existence  of  a possible  antitoxic  action  of  the  serum  might  be 
raised.  The  notably  toxic  nature  of  the  effects  produced  in  anthrax  in 
man,  in  whom  the  distribution  of  the  bacilli  is  often  markedly  local,  is 
calculated  to  accentuate  this  inquiry,  as  is  also  the  fact  that  in  Sclavo’s 
immunisation-method  the  injection  of  the  antiserum  previous  to  the 
introduction  of  the  bacilli  appears  to  mitigate  the  local  action  of  the 
latter.  On  this  point  we  can,  however,  say  nothing.  The  anthrax 
bacillus  in  ordinary  fluid  cultures  yields  filtrates  that  are  practically 
non-toxic,  and  with  this  organism  no  experiments,  analogous  to  those  of 
Kolle  with  the  plague  bacillus,  have  been  performed. 

The  antianthrax  serums  of  Sclavo  and  Sobernheim  (315)  have  been 
exten.sively  used  both  pi'ophylactically  and  therapeutically.  Sclavo’s 
prrxluct  has  Ijccri  tried  in  Italy  in  the  treatment  of  human  anthrax,  and 
Dr.  Legge  has  no  doubt  of  its  efficacy.  Sobernheim,  to  protect  cattle, 
has  used  the  method  of  injecting  the  antianthrax  serum,  followed  by 
inoculation  of  virulent  bacilli.  He  holds,  with  considerable  ap[)carance 
of  accuracy,  that  this  combination  of  agents  confers  a more  lasting 
immunity  than  does  the  original  active  immunisation-method  practised 
by  Pasteur.  It  is  im[K).ssible  at  present  to  assign  any  rciison  for  this 
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apparent  superiority  of  the  combined  passive  and  active  immunisa- 
tions. 

Ollm'  Senims  of  Unknown  Action. — In  some  other  morliid  conditions 
serums,  whose  mode  of  action  is  unknown,  have  been  used  for  therapeutic 
pur])oses.  Among  these  serums  may  be  mentioned  the  antipneumococcic 
scrum  of  Drs.  Eyre  and  Washljourn,  the  antirabic  serum  of  Tizzoni 
and  Oentanni  (326),  Maragliano’s  antituberculous  serum  (obtained  Ijy  * 

injecting  a mixture  of  tubercle  toxins,  insusceptible  to  heat,  and  some  '' 

substances  present  in  tuberculous  cultures  which  Maragliano  considers  to  | 

be  tlicrmolabile  toxins).  We  may  also  allude  here  to  the  antituberculous  1 

serum  of  Marmorek  (217).  This  investigator  considers  that  in  no  or-  i 

dinary  culture  medium  does  the  tubercle  bacillus  produce  the  toxins  by  | 

which  it  ojjerates  in  the  animal  bod}^,  where  it  is  specially  subject  to  | 

the  antagonism  of  cells.  He  therefore  grows  it  on  a serum  which  is  itself  j 

antagonistic  to  one  class  of  bodily  cells,  namely,  the  leucocytes.  The  j 

serum  employed  is  a leucotoxic  one  derived  from  an  animal  into  | 

whose  peritoneal  cavity  the  injection  of  leucocytes  has  been  practised. 

The  bacillus  is  next  grown  in  bouillon  containing  juices  extoacted  from  the  3 
liver,  an  organ  which,  from  its  insusceptibility  to  tul>erculous  infection,  ; 
Marmorek  thinks  must  contain  some  material  antagonistic  to  the  bac- 
terium. Having  thus  allowed  the  bacillus  first  to  grow  in  a serum  in 
which  presumably  inimical  substances  coming  from  leucocytes  were 
neutralised,  and  then,  secondly,  to  grow  under  condition's  in  which  it 
might  become  accustomed  to  uncongenial  sirrroundings,  he  considers  that 
the  toxins  now  produced  in  the  cultures  will  more  closely  resemble  those 
produced  in  the  animal-body.  He  uses  these  toxins  to  stimulate  the 
production  of  an  antituberculous  serum.  The  serum  has  been  used  for 
the  treatment  of  human  tuberculosis,  but  it  is  too  soon  yet  to  say  any- 
thing regarding  the  results. 


Active  Immunisation  as  a Prophylactic  and  Therapeutic  Measure 

We  now  pass  to  consider  the  prophylactic  and  therapeutic  applications 
of  processes  of  active  immunisation.  The  earliest  artificial  immunisa- 
tion, that  of  vaccination  against  smallpox,  is  undoubtedly  to  be  classed 
as  such  an  immunisation  of  an  animal  species  carried  out  against  a disease 
by  means  of  a j^^ithogenetic  agent  (of,  np  till  now,  unknown  character) 
whose  virulence  has  been  lessened  by  passage  through  another  species. 
The  same  is  true  of  the  Pasteur  method  of  inoculation  against  rabies 
(267),  a procedure  which  has  many  points  of  interest.  The  cause  of  the 
disease  being  unknown,  a tissue — the  spinal  cord — known  to  harbour  the 
virus  is  made  use  of.  The  cord  of  an  animal  in  which  the  virulence  of 
the  agent  has  been  raised  by  passage  is  chosen  as  the  therapeutic  agent. 
The  ])athogenicity  is  very  much  reduced  by  drying,  the  reduction  being 
proportio7ial  to  the  number  of  days  the  drying  has  been  carried  on.  By 
taking  a series  of  cords  of  different  ages,  a series  of  specimens  of  the 
virus  of  increasing  strengths  is  obtained — material,  in  fact,  for  a pro- 
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tjressive  iiiimuiiisation.  By  the  use  of  these  aii  aiiinial  can  be  immunised 
against  the  virus  of  the  strength  ordinarily  present  in  a mad  dog.  Tliis 
strength  is  verv  constant,  and  is  less  than  that  of  the  most  virulent  rahliit 
cords.  But  the  point  of  great  interest  is  that  in  the  therapeutic  applica- 
tion of  the  method  the  active  immunisation-process  in  the  bitten  j^atient 
is  carried  on  during,  and  is  completed  before  the  expiry  of,  the  period  of 
incubiition  of  the  virus  wjiich  has  been  absorbed  at  the  time  of  the  bite 
— this  period  being  usually  forty  days.  We  cannot  give  an  explanation 
, , of  the  phenomenon.  The  only  available  fact  bearing  on  the  occurrence 
is  that  the  incubation-period  of  the  Aurulent  virus,  to  whose  influence 
’ before  the  end  of  the  immunisation  the  treated  individual  is  subjected, 
I is  probably  for  man  much  shorter  than  that  of  the  virus  inoculated 
f , through  the  bite  of  the  rabid  animal.  This,  however,  in  no  Avay  throws 
^ light  on  the  imderlying  processes,  of  Avhich  no  rational  explanation  can 
t be  given,  seeing  that  even  the  nature  of  the  pathogenetic  agent  in  the 
* disease  is  unknown  (cf.  p.  822). 

^ , The  first  imporUint  active  immunisation  carried  out  Avith  a knoAvn 

► * pathogenetic  agent  Avas  the  immunisation  against  anthrax  introduced  by 
; Pasteur  (266)  for  the  protection  of  cattle  likely  to  be  exposed  to  infec- 

> tiom  This  essentially  consisted  of  injecting,  first,  a culture  weakened  in 
- • A-irulence  by  twenty-four  days’  gi’owth  at  a temperature  above  that  for 

optimum  growth — the  premier  vaccin,  and,  secondly,  twelve  days  later  a 
I culture  grown  for  twebm  days  at  this  temperature — the  deuxihme  vaccin. 

I The  animal  could  in  many  cases  resist  inoculation  AAuth  ordinaiy  virulent 
bacilli.  As  we  haA’e  seen,  this  method  has  been  improA^ed  on  by  Sober n- 
heim,  who  has  combined  passive  Avith  active  immunisation. 

I Protective  Inoculation  against  Cholera. — The  next  important  disease 
; against  which  a protectiAm  inoculation  Avas  devised  was  cholera.  Here 
I Haflfkine  (139)  has  proceeded  by  a method  analogous  to  that  last  des- 
I * cribed.  A culture,  the  Aurulence  of  Avhich  has  been  diminished  by  groAv- 
ing  it  in  a current  of  air,  is  injected,  and  this  is  folloAved  by  the  injection 
, of  a culture  {virus  exalt^,  the  virulence  of  Avhich  has  been  exalted  by 
passage  through  the  guinea-pig.  There  is  a slight  local  disturbance,  and  in 
animals  immunity  is  now  developed  against  infection  with  ordinary 
cultures.  This  method  has  been  Avidely  applied  to  man  in  India,  and 
al.so  in  Japan,  and  apparently  is  efficient  against  natural  infection,  though 
the  immunity  seems  to  pass  off  in  about  a year.  It  is  difficult  to  arrive 
at  any  conclusion  as  to  the  cause  of  the  active  immunisation  thus 
obtained.  Kollc  and  Martini  (16-5)  studied  the  properties  of  their  OAvn 
semms  before  and  after  inoculation.  They  fotuid  on  injecting  serum,  taken 
after  inoculation,  along  Avith  cholera  vibrios  intraperitoncally  in  guinea- 
pigs  that  the  bacteria  underwent  degenerative  microscopie  changes  and 
the  animals  surA-ived.  From  this  indirect  evideiice  they  inferred  that 
their  scrum  harl,  by  the  inoculation,  acquircfl  bactericidal  ])ropcrties. 

direct  evidence  of  the  f)reseiice  of  a bactericidal  action  in  the  serum 
of  A'accinated  persons  has  been  .adduced  ; but  Pfeift’er  and  M’.assermanu 
(281)  state  that  the  serum  of  [jcrsons  avIio  liaA'o  recovered  from 
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cholera  shews  little  baetericidal  action,  and  in  fact  in  this  respect 
differs  from  ordinary  sernm.  Bordet  (34),  working  with  immune 
serum  from  the  goat,  shewed  that  here  there  was  considerable  bac- 
tericidal action,  and  that  this  was  due  to  the  combined  action  of  a 
thermostable  body  developed  during  immunisation  and  a thermolabile 
substance  normally  present  in  the  serum  of  the  immunised  animal.  In 
fact,  this  observation  Avas  the  starting-point  for  all  the  modern  work  on 
the  action  of  immune  body  and  complement.  Even  if  further  inquiry 
shews  that  the  serum  of  an  individual  inoculated  in  the  ordinary  way  is 
bactericidal,  the  efficacy  of  inoculation  is  not  explained.  Cholera  in  man 
is  a disease  chiefly  marked  by  intoxication — the  bacteria  being  confined 
to  the  intestinal  lumen.  Now  Sobernheim  (314)  has  shewn  that  guinea- 
pigs  immunised  in  the  ordinary  way  against  intraperitoneal  infection  still 
succumb  to  infection  by  Avay  of  the  intestine.  In  these  circumstances  it 
might  be  considered  that  immunisation  developed  antitoxic  capacities  in 
the  immunised  animal,  but  of  this  there  is  no  convincing  evidence. 

Antiplague  Inoculation. — We  have  seen  that  Yersin,  Calmette,  and 
Borrel  shcAved  that  animals  could  l^e  protected  against  plague  Ijy  active 
immunisation.  The  method  has  been  extended  by  several  observers 
to  the  case  of  man  Avhen  circumstances  arise  in  Avhich  he  is  likely  to  be 
exposed  to  infection  by  the  causal  bacillus.  The  details  of  the  immunisa- 
tion-processes differ,  but  in  all  cases  the  material  injected  consists  of  the 
dead  l)odies  of  plague  bacilli  or  substances  extracted  from  these  bacilli. 
A very  slight  illness  follows,  and  to  judge  from  the  results  of  Haffkine’s 
(139)  method,  Avhich  has  been  Avidely  applied  in  India,  not  only  is  the 
incidence  of  plague  cases  less  in  the  inoculated  than  in  the  uninoculated, 
but  when  the  latter  are  attacked  the  death-rate  is  loAAmr.  Though  the 
protection  thus  afforded  is  not  absolute,  and  though  the  duration  of  any 
resistance  developed  is  probaby  limited,  there  is  no  doubt  that  by  inocu- 
lation methods  the  ravages  of  the  disease  can  to  an  appreciable  extent  be 
diminished. 

As  to  the  probable  nature  of  the  process  at  Avork  in  the  body  it  is 
impossible  to  speak,  but  it  may  be  recalled  that  Sir  A.  E.  Wright  and 
Capt.  Douglas  found  normal  human  serum  to  be  non-bactericidal  toAvards 
the  Bacillus  pestis ; and  Sir  A.  E.  Wright  and  Capt.  Windsor  (377) 
examined  the  serum  of  the  first  named  two  years  after  a Haffkine 
inoculation,  and  also  found  no  bactericidal  effect  present. 

Dr.  Klein  (157)  has  used  for  the  protective  inoculation  of  animals 
dried  material  from  necrotic  nodules  from  guinea-pigs  dead  of  subacute 
plague  ; according  to  this  observer’s  vieAV,  such  material  contains  special 
toxins  manufactured  by  the  plague  bacilli  only  in  the  tissues,  and  he 
claims  for  the  vacein  greater  efficacy  than  that  possessed  by  the  dead 
bodies  of  bacilli  from  cultures. 

Antityphoid  Inoculation. — The  principle  of  A'^accinating  animals 
ao-aiust  the  effects  of  infection  Avith  the  typhoid  bacillus  has  been  extended 
to  man  by  Pfeiffer  and  Kolle  (279),  and  independently  and  much  more 
extensively  by  Sir  A.  E.  Wright,  Avho  in  1897,  in  coiijunction  with  Major 
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Semple  (37G),publishotl  the  first  detailed  paper  of  a scries  of  memoirs  on  this 
subject.  The  method  employed  consists  in  using  bouillon  cultures  grown 
for  three  weeks  at  37°  C.  and  then  killed  at  G0°  C.  The  sterilisation 
having  been  proved  to  be  eflectual,  -5  to  1'5  c.c.  of  the  fluid  is  injected 
hvpodermically  into  the  person  to  be  protected.  Slight  indisposition 
follows  the  vaccination,  and  there  can  be  no  doubt  that  this  att'ords  a 
verv  definite  degree  of  protection  against  natural  infection.  Though  in 
isolated  instances  no  beneficial  effect  can  be  traced,  there  is  no  doubt 
from  a consideration  of  large  masses  of  statistics  (367)  such  as  those 
furnished  during  the  South  African  War  (1899-1902),  that  the  incid- 
ence of  the  disease  is  less  amongst  the  inoculated  than  amongst  the 
uninoculated.  Here,  as  Avith  plague,  the  protection  is  not  absolute — 
not  nearly  so  absolute  as  in  vaccination  against  smallpox — but  even  when 
typhoid  fever  occurs  in  an  inoculated  person,  the  risk  of  death  is  un- 
doubtedly less,  and  there  is  evidence  that  the  manifestations  of  the 
disease  are  less  severe.  The  duration  of  the  partial  immunity  varies ; 
Su-  A.  E.  AYright  (366)  puts  it  doAvn  as  at  least  three  years,  but  in  some 
cases  the  period  probably  is  shorter. 

Sir  A.  E.  AY  right  has  investigated  the  scientific  conditions  of  his  pro- 
tective inoculation  against  typhoid  with  a thoroughness  and  exactitude  of 
technique  such  as  have  not  obtained  with  immunisation  against  any  other 
disease.  He  has  thus  laid  the  basis,  not  only  for  the  elucidation  of  the 
special  processes  at  work  in  this  particular  case,  but  for  comparisons  with 
the  phenomena  of  other  immunisations  such  as  are  necessary  to  the  formu- 
lation of  the  principles  underlying  immunity  in  general.  Amongst  the 
more  important  results  obtained  Avith  regard  to  typhoid  inoculation  is  the 
fact — observed  by  the  use  of  a special  method  (359)  of  Avide  applicability 
— that  the  serum  of  most  men  exhibits  a very  definite  bactericidal  action 
on  the  typhoid  bacillus,  and  that  a definite  rise  in  this  bactericidal 
poAver  usually  folloAvs  inoculation  (364).  This  increase  Sir  A.  E.  AA'right 
denominates  the  positive  phase.  In  certain  cases  the  rise  is  preceded  by 
a fall  below  the  bactericidal  potency  normal  to  the  individual,  which  he 
speaks  of  as  the  occurrence  of  a negative  phase.  The  cause  of  the 
negative  phase  is  not  clear,  but  it  has  been  observed  Avhen  the  inocu- 
lated individual  has  suffered  a greater  degree  than  usual  of  illness  after 
the  inoculation.  This  shcAvs  the  necessity  for  a careful  regulation  of 
dosage,  the  more  so  that  the  use  of  a fairly  large  dose  of  vaccin  folloAved 
by  a pronounced  negative  phase  Avas  observed  by  Sir  A.  E.  AYright  in  one 
instance  in  his  own  blood  not  to  bo  folloAvcd  by  a positive  phase.  The 
fx;currence  of  a negative  phase  may,  there  is  some  evidence  to  suppose, 
indicate  an  increased  susceptibility  to  natural  infection  Avhilc  the  ])haso 
Ifusts,  aiifl  thus  it  is  important  to  inoculate,  if  po.ssible,  at  a period  when 
the  individual  is  not  likely  for  .some  little  time  sub.sequently  to  bo 
to  infection. 

With  regard  to  the  ]>art  played  by  the  bactericidal  poAver  of  the 
serum  in  killing  invading  bacilli  and  thus  preventing  infection,  Sir  A.  E. 
AV  right  8[>eaks  with  cantiem,  as  ho  has  found  evidence  of  an  inoculation 
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being  still  protective  at  a period  when  the  positive  bactericidal  phase  has 
come  to  an  end,  though  of  course  in  the  great  majority  of  cases  a definite 
natural  bactericidal  capacity  would  remain  (the  degree  of  this  capacity  so 
frequently  present  in  man  must,  however,  in  many  cases  be  insufficient  to 
protect  against  natural  infection).  While  unable  to  assign  the  exact 
significance,  in  relation  to  immunity,  of  the  presence  of  a highly  bacteri- 
cidal serum.  Sir  A.  E.  Wright  appears  to  be  of  opinion  that  in  a given  case 
of  typhoid  fever  the  possession  of  such  a serum  augurs  well  for  a favour- 
able issue  to  the  disease.  It  must  be  recognised  that  in  typhoid  fever  the 
process  of  the  successful  combat  of  the  body  against  infection  is  a complic- 
ated one.  While  the  agglutinating  capacity  of  the  serum  cannot,  as  we 
have  already  seen,  be  correlated  with  the  development  of  immunity,  it 
may  act  as  a subsidiary  factor  in  the  killing  of  the  bacteria.  Again,  we 
have  seen  that  Sir  A.  E.  Wright,  in  his  work  on  opsonins,  has  traced  an 
opsonic  effect  in  human  serum  towards  the  typhoid  bacillus.  All  these 
factors  may,  together  vuth  a tolerance  to  bacterial  toxins,  play  a part  in 
the  resistance  of  the  individual  to  infection  and  in  the  recovery  of  the 
individual  who  is  the  subject  of  infection.  We  cannot  at  present  realise 
which  factor  may  be  the  most  important.  We  do  not,  for  instance,  know 
the  significance  of  the  constant  escape  into  the  general  cii-culation  of 
bacteria  from  the  locally  situated  main  site  of  pathological  change.  Such 
escape  does  always  take  place,  as  is  shewn  by  the  constant  occurrence  of 
bacilli  in  the  spleen  and  other  solid  organs  ; but  we  do  not  know  how  the 
escape  takes  place  or  whether  it  is  the  bacilli  in  the  Peyer’s  patches,  or 
the  bacilli  which  pass  into  the  body,  which  are  mainly  responsible  for  the 
metabolic  upset  characteristic  of  the  disease.  We  cannot  say  whether  a 
great  tolerance  to  typhoid  toxins  or  an  increase  of  the  bactericidal  capacity 
of  the  body  is  in  reality  the  more  important.  | 

Antistaphyloeoeeus  Inoculation. — In  the  diseases  hitherto  considered,  j 
the  general  object  of  the  measures  of  immunisation  which  have  been  j 

devised,  has  been  to  develop  in  a healthy  individual  a resistance,  so  that  j 

when  he  is  subsequently  exposed  to  infection,  either  no  disease  may  result  ■ 
or  the  disease  may  occur  in  a mitigated  form.  The  only  exception  to 
which  this  statement  is  subject  is  in  the  case  of  rabies,  in  which  the  natural 
period  of  incubation  is  taken  advantage  of  for  applying  what  is  appar-  ^ 
ently  an  immunisation-process.  Sir  A.  E.  Wright  has,  however,  brought 
forward  evidence  that  in  certain  cases  in  which  a definite  infection  already  , 
exists,  the  resistance  of  the  body  to  that  infection  may  be  increased  by 
an  immunisation-process  consisting  in  the  injection  of  dead  bacterial  cells. 

The  infections  in  which  he  has  applied  the  principle  are  conditions  in 
which  the  morbid  changes  are  already  clearly  localised,  or,  to  quote  his 
own  words  (358),  “ where  we  have  to  deal  mth  localised  bacterial  invasions 
associated  with  inflammation  at  the  site  of  inoculation.  The  situatioii  is 
here  entirely  different  from  that  which  has  to  be  confronted  in  septiciemic 
disease.  On  the  one  hand,  the  conditions  are  here  already  unfavourable  to 
the  immsion  of  the  Idood-stream  by  micro-organisms,  and  there  is,  on  the 
other  hand,  a considerable  uncalled-on  reserve  of  resistance  on  the  part  of 
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the  organism.  \\'e  have  to  deal,  in  fact,  with  a situation  not  altogetlicr 
unlike  that  which  obtains  in  the  case  of  already  partially  immunised 
animals.  . . . ’ The  first  .series  of  infections  to  which  Sir  A.  E.  A\’right 
(363,  373)  applied  this  principle  were  the  multifarious  manifestations  of 
staphylococcus  infection  -which  are  presented  clinically  in  forms  of  furun- 
culosis, sycosis,  acne,  recurrent  boils.  In  several  cases  of  this  kind  a 
verv  marked  improvement  has  followed  vaccination  with  killed  cultures  of 
the  staphylococci  isolated  from  the  lesions.  The  success  of  such  treat- 
ment. however,  wholly  depends  on  strietly  following  out  the  general  jjrin- 
ciples  laid  down  by  Sir  A.  E.  Wright,  namely,  that  the  aim  must  be  to 
obtain  in  the  vaccinated  individual  an  increased  resistance.  In  doing  this 
it  is  to  be  remembered  that  every  bacterial  injection  may  be  and  often  is 
followed  by  a diminution  of  resistance — the  negative  phase, — that  this 
phase  ought  in  the  ordinary  course — if  the  resources  of  the  organism  be 
not  ovei-strained — to  be  followed  by  a positive  phase  of  greatly  increased 
resistance,  which  in  tium  is  followed  by  a fall  from  the  maximum  of  this 
positive  phase  to  a level  which  is  higher  than  that  present  before  the 
vaccination.  Such  a course  of  reaction  represents  a successful  vaccina- 
tion. In  cases  in  which,  as  usually  hajjpens,  repetitions  of  the  injections 
are  required,  these  must  be  practised  after  the  positive  phase  is  well 
established.  They  must  on  no  account  be  given  during  the  negative 
phase,  as  a still  further  drop  in  resistance  would  then  take  place,  and  this 
may  be  accompanied  by  an  aggravation  of  local  manifestations.  It  is 
endent,  then,  that  such  inoculation-procedures  must  lie  controlled  by  con- 
stant observation  diu-ing  the  course  of  the  treatment.  In  the  case  of 
staphylococcus  infection  the  observations  must  be  directed  to  periodic 
estimations  of  the  opsonic  power  of  the  serum.  Sir  A.  E.  Wright  and 
Capt.  Douglas  (373)  have  sheivn  that  in  staphylococcus  infections  the 
opsonic  power  of  the  blood  is  less  than  that  of  healthy  individuals. 
During  immunisation  the  opsonic  index  should  pass  through  the  phases 
described,  and  ultimately  become  higher  than  the  average  normal. 
With  this  increase  of  opsonins  in  the  blood  the  local  infections  become 
le.=s  frequent  and  less  severe,  and  ultimately  in  many  cases  completely 
disapfiear.  With  regard  to  this  utilisation  of  the  opsonic  index  as  a 
test  of  the  progress  of  an  immuni-sation,  we  may  say  that  its  value  as 
such  is  not  affected  by  any  difference  of  opinion  as  to  tlie  ultimate  natm-e 
of  the  opsonic  reaction. 

Antituberculous  Inoculation. — The  introduction  by  Koch  of  his 
second  form  of  tuberculin  (which  he  called  “ tubcrculin-R  ”)  constituted 
quite  a new  departure  in  his  method  for  the  treatment  of  tuberculosis. 
With  the  original  form  of  tuberculin,  as  we  have  seen,  the  effect  produced 
dc[H;nded  entirely  on  the  toxic  action  of  a bacillary  extract  mechanically 
detaching  the  ti.ssue  which  contained  the  infecting  organisms.  'I’he 
mcthofl  of  applicr'ition  of  the  tuberculin-l;,  on  the  other  lianii,  was  calculated 
to  bring  alxjut  an  active  iininunisation.  The  composition  of  the  new 
tul>erculin-R  differed  from  that  of  the  original  .substance  in  tliat  it 
consisted  essentially  of  the  disintegrated  bacillary  j)rotoj)lasm.  The 
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immunisation-method  thus  falls  into  line  with  the  procedures  adopted  in  the 
cases  already  discussed.  The  technique  was  the  usual  one  of  administering 
at  intervals  gradually  increasing  amounts  of  the  bacterial  product.  The 
want  of  success  attending  the  use  of  the  original  tuberculin  caused  the 
new  method  to  be  looked  at  askance — the  more  so  that  there  was  not  a 
frank  recognition  of  the  entirely  new  principles  that  underlay  the  new 
treatment.  The  teeatment  has,  however,  received  a fair  trial,  though 
opinion  as  to  its  efficacy  has  varied.  Kecently  Sir  A.  E.  Wi’ight  (370),  in 
working  at  the  subject,  has  taken  up  the  general  position  that  many  cases 
of  tuberculosis  can  be  included  among  the  local  infections,  in  Avhich  it  is 
possible  so  to  raise  the  resistance  of  the  organism  as  to  cause  the  infec- 
tions present  to  disappear  and  to  prevent  new  infections  from  developing. 
He  has  further  applied  his  methods  oi  investigation  to  the  immunisation 
procedures  involved,  and  has  brought  forward  facts  indicating  that  it  may 
be  possible  to  follow  with  greater  exactitude  the  effects  of  the  tuberculin 
injections,  and  thus  to  ensure  the  rejection  of  cases  in  which  their  applica- 
tion is  likely  to  do  more  harm  than  good.  The  great  difficulty  in  the  prac- 
tical application  of  the  new  tuberculin  has  been  that  in  certain  cases  where  it 
has  been  injected  an  aggravation  of  symptoms  has  taken  place.  No  means 
were  available  by  which  the  effects  of  the  injections  could  be  controlled. 
An  attempt  which  was  made  to  do  so  by  observing  the  effects  of  anti- 
tuberculous immunisation  in  developing  in  the  treated . individual  an 
agglutinating  serum  was,  as  it  was  Ijound  to  be,  unsatisfactory,  for,  as  we 
have  seen  and  as  has  been  recognised  in  connexion  with  the  prognostic 
significance  of  the  serum  reaction  in  typhoid  fever,  agglutination  pheno- 
mena are  not  capable  of  direct  correlation  with  the  phenomena  of  immu- 
nisation. Sir  A.  E.  Wright  and  Capt.  Douglas  (37 2)  hold  that  a much 
surer  method  of  following  the  ]irogress  of  an  antituberculous  immu- 
nisation lies  in  the  observations  of  the  opsonic  capacities  of  the  serum. 
Great  care  is,  however,  necessary  in  interpreting  such  observations.  (See 
Wright  and  Eeid  (375 J).)  In  tuberculous  patients,  with  the  disease  in  a 
strictly  localised  form,  the  opsonic  index  is  often  low.  But  when  the 
tuberculous  process  is  active  then  the  opsonic  index  may  occasionally  lie 
high  and  is,  generally  speaking,  irregular.  In  cases  of  localised  tuber- 
culosis treated  with  new  tuberculin  the  opsonic  index  is  often  raised. 
The  characteristics  of  the  reaction  following  injection  are  of  the  same 
kind  as  have  been  observed  in  other  cases.  There  is  the  occurrence 
sometimes  of  a negative  phase,  succeeded  by  a positive  phase,  sometimes 
of  a persistent  negative  phase.  Sir  A.  E.  Wright  (368)  points  out  that 
it  is  easier  to  get  an  accumulation  of  negative  phases  than  an  accumula- 
tion of  positive  phases,  and  thus  inoculation  against  such  an  infection  as 
tuberculosis  produces  a very  different  degree  of  response  from  what 
occurs  in  immunisation  against,  say,  diphtheria^  toxin.  Thus  the 
physician  ought  to  “treat  each  inoculation  as  an  independent  event,” 
to  be  content  with  obtaining  a simple  positive  phase,  and  not  to  aim 
at  a high  degree  of  immunisation,  for  this  is  impossible  to  attain. 
Tt  follows  that  the  principle  of  gradually  increasing  the  doses  of  the 


THE  GENERAL  PATHOLOGY  OF  INFECTION 


191 


iiuimmising  agent  must  in  the  case  of  tuljorculin  injections  be  abandoned, 
and,  as  a matter  of  fact.  Sir  A.  E.  Wright  uses  for  successive  inocula- 
tions only  from  -nnriffh  to  -g-^th  of  a milligramme  of  the  tuberculin-K 
powder — such  being  a very  small  dose  when  compared  with  those  which 
are  sometimes  administered.  A number  of  cases  have  been  recorded  by 
Sir  A.  K Wright,  Dr.  Bulloch  (58),  and  others,  in  which  attention  to  the 
effect  of  every  particular  tuberculin  ijijection  practised  has  been  followed 
bv  a permanent  improvement  of  the  disease  manifestations. 

^^’e  have  already  pointed  out,  when  speaking  of  Sir  A.  E.  Wright’s 
work  on  opsonins,  that  the  characters  of  the  local  bacterial  infection,  as 
distinguished  from  the  general  bacterial  infection,  must  be  carefully 
considered.  There  is  here  involved  one  of  the  most  difficult  problems  of 
infection.  Sir  A.  E.  Wright  has  put  forward  a view  to  explain  Avhy  the 
action  of  bacteria  at  one  time  may  be  localised  and  at  another  general. 
He  does  not  accept  the  view  of  Metchnikoff  that  the  condition  of  the 
blood-serum  does  not  represent  the  condition  of  the  blood-plasma,  and  he 
rests  his  attitude  as  to  the  explanation  of  localisation  of  bacterial  action 
on  the  fact  that  bacteria  may  multiply  in  one  region  of  the  body  when  the 
fluids  of  the  rest  of  the  body  are  strongly  antagonistic  to  their  vitality ; 
he  and  his  co-workers  have  shewn  that  the  fluids  present  at  the 
focus  of  bacterial  growth  are  actually  often  poor  in  such  antagonistic 
properties.  He  and  Major  Lamb  (375)  found  this  to  hold  good  in 
typhoid  fever,  in  which  the  spleen,  which  is  a site  of  active  bacterial 
multiplication,  may  be  specially  poor  in  agglutinins,  and  similar  facts  are 
true  of  the  opsonic  capacities  of  the  fluids  derived  from  local  manifesta- 
tions of  tuberculous  and  other  infections.  The  view  put  forward  is  that 
organisms  grow  in  regions  where  the  bacteriotrojsic  pressure  is  low,  Le. 
where  antibacterial  substances  are  either  absent  or  reduced  in  amount. 
Bacteria  gaining  entrance  into  the  subcutaneous  tissues  of  the  body  tvill 
meet,  in  the  lymph,  antagonising  substances.  If  such  materials  are  not 
sufficient  to  kill  the  organisms  outright,  then  the  latter  will  absorb  what 
antibacterial  substances  there  are  present,  and  thus  render  the  surround- 
ing lymph  deficient  in  such  bodies.  The  bacteria,  not  being  lulled,  Arill 
multiply,  but  if  they  wander  beyond  the  focus,  they  will  come  in  contact 
with  lymph  of  higher  bacteriotropic  pressure,  and  will  be  subject  to 
antibacterial  influences.  There  may  thus  be  conceived  a focus,  in  the 
centre  of  which,  there  being  no  antibacterial  bodies,  great  bacterial 
multiplication  is  po.s.sible,  Avhile  at  the  periphery  the  antibacterial 
content  of  the  fluids  rises  in  amount,  and  is  groat  enough  to  kill  anv 
isolated  bacteria  which  may  pass  out  from  the  centre.  If  the  peripheral 
forces  are  insufficient  to  kill  the  bacteria,  then  a general  infection  will 
occur.  There  may,  however,  be  an  ebb  and  flow  in  the  development  of 
the  general  antibacterial  powers  of  the  body.  A , temporary  escape  of 
bacteria  from  a niflus  — the  auto-inoculation  of  the  body  — may  bo 
followed  by  a reaction  causing  an  increase,  and  successive  waves  of 
exaltation  and  depression,  as  observed  in  the  opsonic  index  in  tuber- 
culosi.s,  may  occur.  Whatever  the  explanation,  there  is  in  the  local 
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tissue-proliferation  around  a bacterial  focus  a zone  of  resistance  which  • 
appears  concerned  in  the  prevention  of  the  spread  of  bacterial  growth. 

Tlie  existence  of  a period  of  about  48  hours  of  danger  after  a wound 
where  danger  of  infection  exists  is  still  unexplained,  but  it  is  significant 
that  the  danger-period  ends  about  the  time  when  granulation -tissue 
begins  to  form,  and  it  is  significant  that  even  in  a susceptible  animal 
anthrax  bacilli  may  be  laid  on  granulation-tissue  without  infection 
occurring. 

Our  reason  for  introducing  these  considerations  here  is  on  account  of 
their  bearing  on  vaccination  against  tuberculosis.  In  this  disease  there 
is,  according  to  Sir  A.  E.  Wright,  in  the  tuberculous  nidus  a deficiency  of 
opsonic  power.  If  the  oi^sonic  power  be  increased,  then  phagocytosis 
will  occur,  and  a death  of  the  bacilli  will  take  place.  The  opsonic 
power  of  the  body-fluids  can  often  be  increased  by  tuberculin  injec- 
tion properly  controlled.  The  gradient  between  the  general  body-fluids 
and  those  of  the  local  nidus  will  be  steeper  than  usual,  and  thus 
more  opsonin  will  enter  into  the  nidus  with  the  eflect  described.  But 
the  opsonic  content  of  a nidus  can  also  be  raised  by  stimulating  the  flow  < 
of  lymph  through  the  part.  This,  according  to  Sir  A.  E.  Wright,  probably 
is  the  rationale  underlying  the  success  of  methods  which  surgery  has  , 
empirically  practised  since  the  earliest  times.  These  include  counter- 
irritation in  all  its  forms,  such  methods  as  retarding  the,  flow  of  blood  / 
through  a limb,  massage,  the  opening  of  tuberculous  cavities,  e.g.  the  | 

peritoneum.  A similar  process  may  be  responsible  for  much  of  the  good  : 

effects  that  follow  the  opening  of  an  ordinary  abscess. 

With  regard  to  tuberculosis,  v.  Behring  (20a),  in  1905,  announced 
a new  product  of  the  tubercle  bacillus  which  might  be  used  for  vaccina- 
tion. So  far  as  can  be  made  out,  this  essentially  consists  of  bacilli  from 
which  all  the  toxic  materials  have  been  extracted,  but  up  to  the  present 
details  are  wanting. 

Vaccination  in  other  Local  Infections. — It  is  plain  that  the  prin- 
ciples discussed  are  not  limited  in  their  ajjplicability  to  tuberculosis  and 
staphyloccus  infections.  Sir  A.  E.  Wright  (368)  has  treated  ciises  of  local 
infection  by  such  organisms  as  the  Z>.  coli,  Micvococcus  7ii£liteiisis,  and 
the  gonococcus  on  similar  lines. 

Artificial  Leucocytosis  in  Prophylaxis. — An  artificial  leucocytosis 
can  be  caused  by  the  injection  into  an  animal  of  a number  of  agents,  e.g. 
gluten-casein  (aleurone),  nucleic  acid,  and  even  normal  saline  solution ; 
and  as  the  leucocytes  appear  to  jflay  an  important  part  in  the  killing  of 
bacteria,  it  has  been  suggested  that  such  a leucocytosis  might  combat  a 
bacterial  invasion  when  such  was  likely  to  occur.  Mikulicz-Radeski 
(241)  has  shewn  that  an  artificial  hyperleucocytosis  in  guinea-pigs 
increases  their  resistance  to  B.  coli  infection,  and  he  has  tried  the  efiects 
of  causing  such  a leucocytosis  in  man  by  the  subcutaneous  injection  of 
about  50  c.c.  of  a ^ per  cent  to  4 per  cent  solution  of  neutralised  nucleic 
acid.  The  subjects  were  individuals  who  were  (twelve  hours  later)  to  be 
the  subjects  of  serious  abdominal  operations,  in  which  bacterial  infection 
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from  an  opened  gut  was  possible.  The  results  appeared  to  justif}'^  the 
procedure,  but  are  at  present  too  scanty  to  enable  us  to  judge  as  to  the 
real  value  of  the  method. 

Conclusion. — Looking  at  the  question  of  infection  as  a Avhole,  we  have 
to  recognise  that  its  consideration  brings  us  in  contact  with  many  general 
biological  questions.  It  is  suggestive  that  the  subject  of  immunity,  with 
which  the  subject  of  infection  is  so  intimately  bound  up,  has  led  two 
great  observers  to  the  same  conclusion,  namely,  that  the  behaviour  of  an 
infected  organism  towards  the  infective  agent  depends  on  capacities 
which  normally  are  concerned  with  nutrition.  Certainly  in  the  future 
this  aspect  of  the  subject  must  play  a prominent  part  in  the  investigation 
both  of  the  properties  of  cells  and  of  the  properties  of  the  body-fluids  in 
an  infected  animal.  In  such  investigation  thei’e  must  come  to  light 
the  true  meaning  to  be  attached  to  the  expression  “ the  reaction  of 
the  organism,”  which  is  so  often  used.  At  present  we  can  only  say  that 
in  this  reaction  stimuli  are  applied  to  protoplasmic  forces  with  various 
results.  Sometimes  these  stimuli  apparently  result  in  actual  motion,  as 
is  probably  the  case  in  many  motile  cells,  sometimes  the  stimuli  cause 
increased  chemical  activity,  sometimes  increased  reproductive  capacity. 
In  the  operation  of  these  stimuli  there  often  appear  indications  of  what 
seems  to  be  a very  general  principle  in  protoplasmic  activity, — a princijDle 
illustrated  in  muscular  contraction, — namely  this,  that  up  to  a certain 
limit  the  response  to  a strong  stimulus  is  disproportionately  greater  than 
the  response  to  a weak  stimulus.  Finally,  we  have  the  phenomenon 
so  frequently  observed  in  immunity  procedures,  and  well  illustrated  in 
connexion  with  the  formation  of  antitoxins,  namely,  what  we  may  call 
the  effect  of  the  summation  of  stimuli.  Here  we  have  the  phenomenon 
of  a series  of  responses  occurring  till  a maximum  effect  is  produced,  and 
followed  by  a cessation  of  protoplasmic  activity  till  a period  of  rest  has 
intervened.  A consideration  of  infection  forms  but  another  instance 
of  the  principle  that  pathological  events  are  to  be  only  understood  by  a 
consideration  of  the  general  biological  principles  underlying  them.  From 
the  standpoint  of  pathology  generally  the  most  important  asjject  of  the 
modern  work  on  infection  is  that  i^rocesses  have  come  to  light  relating 
to  the  interactions  of  the  bodily  cells  which  may  shed  light  on  other 
morbid  conditions  besides  those  caused  by  the  invasion  of  parasitic 
organi.sms.  James  Eitchie. 
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INFECTIVE  DISEASES 

COMMUNICABLE  FEOM  ANIMALS  TO  MAN 


GLANDERS  AND  FARCY 

By  Prof.  G.  Sims  Woodhead,  M.D. 

Synoxyms. — Gr.  MaAts  or  AL;Ais ; Lat.  Malleus,  Eqidnia ; Fr.  La  Morve, 
Le  Farcin ; Ger.  BotzLrankheit,  Rotz,  Wurm ; Ital.  Mona  (Farcino) ; 
Span.  MueiTTio. 

Glanders,  Avhich  as  a primary  lesion  has  been  most  fully  described  in 
the  horse,  is  a specific  infective  disease.  It  derives  its  name  from  the 
presence,  in  advanced  cases,  of  enlarged  glands  in  the  submaxillary  and 
parotid  regions ; the  enlargement  of  these  glands  being  apparently  due  to 
the  action  of  a specific  irritant,  which,  making  its  way  inwards  from  the 
surface  of  the  mucous  membrane  of  the  nasal  respiratory  passages,  excites 
weU- marked  and  characteristic  lesions  in  the  mucous  membrane  and 
in  the  submucous  tissues  of  these  passages,  and  may  extend  to 
distant  parts  through  the  lymphatic  channels  and,  more  rarely,  by  the 
blood-vessels.  In  almost  all  cases  of  glanders  the  hings  appear  to  be 
affected,  probably  before  any  other  lesion  makes  its  appearance. 

Historical. — Although  it  was  not  tmtil  about  the  end  of  the  fifth 
century  that  Vegetius  gave  the  first  systematic  description  of  a malady 
which  he  names  “ Farcinium  ” — the  farcy  of  more  modern  writers — Aris- 
totle {circa  33.5-322  E.c.)  gave  the  name  /ht^Ais  to  a disease  in  the  ass, 
which  commenced  with  a purulent  discharge  from  the  nostrils,  and  always 
proved  fatal  when  it  extended  to  the  lungs.  In  the  fourth  century  A.D. 
Apsyrtus,  “ a veterinarian  in  the  army  of  the  great  Constantine,”  recom- 
mended the  segregation  of  animals  affected  with  a disease,  p,aAts,  which 
he  de.scribed  as  appearing  under  four  different  aspects — the  moist  form, 
the  dry,  the  articular,  and  the  subcutaneous.  He  recommended  segre- 
gation of  affected  animals  for  the  purpose  of  jjreventing  the  spread 
of  the  infection  of  the  disease.  Modern  veterinary  authorities  point  out 
that  along  wnth  true  glanders  he  must  have  included  other  diseases,  as 
he  maintain.?  that  /jmKls  was  readily  ameiuable  to  treatment.  On  this 
point  his  opinion  w'as  not  in  accordance  with  that  of  his  contemporary, 
Hippocrates,  who,  although  he  gives  a prescription  to  bo  used  in  the 
treatment  of  the  disease,  described  //.uAts  in  its  advanced  sbigcs  as  incurable. 

-Although  Vegetiu.s,  writing  later,  grouped  conditions  other  than 
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glanders  under  his  term  malleus,  of  which  “he  distinguished  several 

different  varieties,”  he  evidently  included  two  forms  of  true  glanders 

Malleus  humidus,  the  glanders  of  the  present  day,  and  Malleus  farci- 
minosus,  our  modern  farcy.  The  latter  of  these  conditions  he  looked 
upon  as  curable,  but  the  former,  especially  when  it  was  characterised  by 
a saffron,  yellow,  or  bloody  nasal  discharge,  as  being  a very  virulent  dis- 
ease, and  prone  to  be  fatal.  He  was  firmly  convinced  of  the  contagious- 
ness of  the  disease,  and  recommended  the  isolation  of  all  suspected  cases 
as  well  as  of  those  that  Avere  known  to  be  actually  suffering  from  the 
disease.^ 

Taking  a long  leap  and  coming  down  to  the  sixteenth  century,  Ave 
find  that  the  contagious  character  of  glanders  Avas  then  fully  recognised 
on  the  Continent.  Sir  Ernest  Clarke  and  Principal  Sir  John  M'Fadyean 
call  attention  to  a very  quaint  account  of  glanders  by  Fitzherbert  in  his 
Bake  on  Husbandry,  published  in  the  early  part  of  that  century  (152.3), 
from  Avhich  it  is  evident  that  this  author  recognised  the  contagiousness 
of  glanders  and  farcy.  In  France,  Solleysel  (1667)  taught  that  the 
infective  matter  of  glanders  could  be  conveyed  through  the  air. 
Saumier  (1734)  aa^s  so  convinced  of  the  infectiousness  of  the  disease 
that  he  described  most  carefully  a method  of  disinfecting  stables  in 
which  glandered  horses  had  been  lodged.  Arsault  (1741)  and  Boui’- 
gelat  (1764)  came  very  near  our  modern  ideas  and  teaching  AA'hen  they 
recommended  that  all  animals  undoubtedly  affected  should  be  destro3md, 
and  that  all  suspected  animals  should  be  carefully  isolated.  ToAvards  the 
end  of  the  eighteenth  century  Abildgaard  and  Erik  Viborg  in  Denmark 
and  Saint  Bel  in  England  laid  special  stress  on  the  high  infectivity  of  the 
pus  and  secretions  (and  more  rarel}'^  of  the  blood  (?))  of  glandered  and 
farcied  animals.  Viborg  maintained  that  the  tAvo  conditions,  glanders 
and  farcy,  had  a common  infective  agent,  and  that  this  agent,  though 
originally  highly  infective,  appeared  soon  to  lose  its  infective  poAver, 
especially  if  it  Avere  dried.  Early  in  the  nineteenth  century  Colman 
and  Delabere  Blaine — whilst  recognising  that  the  pus  and  secretions  of 
infected  animals  Avere  possible  agents  in  causing  the  disease — Avere  inclined 
to  lay  far  more  stress  on  such  factors  as  imperfect  ventilation,  bad  food, 
ovei’Avork,  as  playing  the  leading  part  in  the  production  of  the  disease. 

The  communicability  of  glanders  and  farcy  to  the  human  subject  Avas 
not  fully  recognised,  though  it  appeal’s  to  haAm  been  suspected  from  time 
to  time,  until  Osiander,  in  1783,  stated  that  the  human  subject  might  be 
affected;  and  in  1821  Schilling  gaAm  a Amry  accurate  description  of  the 
disease.  Again,  in  1828,  Travers  and  Colman  proved  that  the  disease 
might  be  conveyed  from  man  to  the  horse,  and  this  AA'as  confirmed  by 
Elliotson  in  1833.  Eayer  (1837)  published  most  interesting  obserA^ations 
on  the  transmission  from  the  equinia  to  the  human  species. 

The  final  proof  of  the  specificity  of  glanders  and  farcy,  and  of  the 
bacterial  origin  of  these  conditions,  Avas  obtained  by  Loftier  and  Schiitz 

' For  further  history  of  the  disease  aud  for  references  to  earlier  authorities  see  B.ass 
(5)  and  M'Fadyean  (45). 
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(1S82)  -when  they  obtained  pure  cultivations  of  the  B.  mallei  from  the 
lesions  of  animals  afl'ected  with  these  diseases,  and  with  this  bacillus  were 
able  to  produce  identical  conditions  in  hitherto  healthy  animals,  from  the 
lesions  in  which  they  were  again  able  to  isolate  the  same  bacillus  in  pure 
cidtivation.  'Weichselbaum  (1885)  followed  this  up  by  demonstrating 
the  same  points  in  connexion  with  glanders  in  the  human  subject. 

Distribution. — The  glanders  or  malleus,  as  we  now  know  it,  has  then 
long  been  recognised  as  a distinct  disease  affecting  horses,  especially  when 
kept  in  close  confinement  or  when  herded  in  large  numbers.  It  is  met 
with  most  frequently  and  in  its  most  characteristic  forms  in  countries 
where  horses  have  long  been  used.  It  is  therefore  specially  prevalent  in 
Europe,  certain  parts  of  Asia,  and  in  North  Africa ; and  as  regards  its 
general  distribution,  it  is  said  to  become  much  more  prevalent,  though  in 
a milder  form — southern  glanders, — as  we  pass  farther  and  farther  south. 
The  disease  has  been  introduced  from  the  regions  above  named  into  other 
countries,  and  is  now  met  with  in  South  Africa,  Canada,  the  United 
States,  and  Argentina  through  the  importation  of  affected  horses.  In  Great 
Britain  the  number  of  cases  of  glanders  detected  has  risen  from  636  in 
1874  to  2499  in  1903.  Of  the  recorded  cases  London  claims  about  75 
per  cent,  one  half  of  the  remainder  occurring  in  the  “ Home  Counties  ” of 
Middlesex,  Kent,  Essex,  and  Surrey.  The  large  cities — Liverpool,  jMan- 
chester,  Birmingham,  and  Glasgow — supply  the  bulk  of  the  remainder. 

Etiology. — Infection  usually  takes  place  by  direct  contact  or  by  in- 
oculation of  a cut  or  abraded  surface  with  the  purulent  discharge,  or 
with  urine,  saliva,  or  milk  of  a glandered  animal  that  may  have  accumu- 
lated on  mangers,  nails,  woodwork,  harness,  blankets,  grooming  tools,  and 
so  forth ; or  a similar  inoculation  may  occur  during  an  operation  on,  or 
a dissection  of,  such  an  animal.  Farcy  is  found,  therefore,  in  farmers, 
ostlers,  stablemen  and  coachmen,  cavalrymen,  veterinary  surgeons,  tanners, 
and  others  who  are  brought  into  direct  contact  with  glandered  horses. 
Moreover,  Babes  found  latent  glanders  in  “ horsy  men  ” who  had  died 
from  other  diseases.  It  is  interesting  to  note,  however,  that  glanders  or 
farcy  amongst  knackers  is  a comparatively  rare  disease ; it  is  certainly 
met  with  far  less  frequently  than  one  would  expect.  The  disease  is 
seldom  transmitted  to  women,  except  when  they  have  washed  the 
clothing  of  infected  patients,  or,  rarely,  by  coitus. 

Babes  performed  a series  of  experiments  to  demonstrate  that  infection 
c?m  be  set  up  by  glanders  bacilli  when  mixed  with  lanolin  or  lard  and 
nibbed  into  the  healthy  skin  of  guinea-pigs.  It  is  supposed  that  the 
bacilli  make  their  way  into  the  various  follicles,  especially  into  those  of 
the  hairs,  and  that  multiplying  there  they  gradually  make  their  way 
through  the  epithelium  into  the  deeper  ti.ssue.s,  whence  they  pass  by  the 
lymphatics  and  even  by  the  blood-ves.scls  tq  various  parts  of  the  body. 
N«'jcard  arrived  at  a similar  conclusion,  and  found  that  these  bacilli  were 
readily  alworbcd  even  from  the  intact  mucous  meniliranes,  especially  those 
of  the  eyelids,  nostrils,  larynx,  or  intestinal  tract.  Moreover,  as  has 
been  pointed  out  by  Xocard  and  by  Sir  4.  M‘I*’adyean,  infection  by  feeding 
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takes  place  probably  fairly  frequently  among  horses,  cats,  dogs,  and 
menagerie  animals ; indeed,  the  balance  of  evidence  seems  to  favour  this 
as  being  the  commonest  method  of  natural  infection,  those  who  have  the 
widest  experience  maintaining  that  the  evidence  in  favour  of  infection  by 
inhalation  is  far  less  convincing.  The  answer  to  the  question  whether 
the  affection  of  the  lungs  is  primary  or  secondary  depends  of  course  on 
the  answer  given  to  the  question.  Does  the  natural  infection  take  place 
by  the  alimentary  or  respiratory  tracts  1 Although  the  disease  is  spread 
principally  by  the  discharges  and  by  such  excretions  or  secretions  as 
urine  and  milk,  diseased  organs  and  tissue  may  also  serve  as  vehicles 
for  the  spread  of  the  disease.  Prof.  Sherrington  and  Bonome  find  that 
in  acute  cases  in  both  man  and  animals  the  Bacillus  uuillei  can  pass 
thi'ough  the  kidneys  into  the  urine,  even  when  no  lesion  can  be 
made  out  either  with  the  naked  eye  or  under  the  microscope.  Bonome 
and  others  also  maintain  that  the  glanders  bacillus  passes  from  the  parent 
to  the  fo3tus  in  the  case  of  the  foal,  the  dog,  and  the  guinea-pig,  not  only 
at  those  points  at  which  placental  haemorrhages  occur,  but  in  some  in- 
stances in  which  the  structure  of  the  placenta  appears  to  remain  intact. 
When  the  bacillus  is  found  in  the  circulating  blood,  a condition  usually 
occurring  during  a febrile  attack  or  after  the  injection  of  mallein,  the 
disease  runs  an  exceedingly  rapid  course,  and  the  patient  succumbs  with 
most  acute  symptoms.  Under  similar  conditions  the  .bacilli  may  be 
demonstrated  in  the  bone-maiTOW. 

The  horse,  then,  may  be  looked  upon  as  constituting  the  reservoir 
from  which  infective  material  may  be  continually  sujDplied,  just,  as 
pointed  out  by  Col.  Bruce,  as  the  wild  cattle  of  South  Africa  form  a 
reservoir  for  the  tsetse-fly  disease.  The  disease  may  remain  latent  for 
months,  or  even  years,  and  Sir  J.  M'Fadyean  contends  that  cases  of  occult 
glanders  in  place  of  constituting  the  exception  are  the  rule.  There  can 
be  no  doubt  that  a case  of  declared  glanders  is  a centre  of  infection,  Imt 
it  is  probable  that  even  occult  cases  are  infective,  though  perhaps  not  so 
frequently.  So  numerous  are  outbreaks  amongst  horses  and  so  rare  are 
they  in  man  (the  Registrar-General  reports  an  average  of  only  4‘34  cases 
a year  between  1886  and  1904  ; there  were  8 in  each  of  the  years  1889 
and  1903;  6 in  each  of  the  years  1887,  1893,  and  1899;  1 only  in 
1896  ; and  4 in  1904)  that  we  must  conclude  that  if  eqiune  glanders 
were  exterminated,  farcy  in  the  human  subject  would  also  disappear. 

It  must  be  borne  in  mind  that,  although  the  human  subject  usually 
contracts  farcy  from  a glandered  horse,  the  disease  may  be  communicated 
from  man  to  man,  whilst  he  in  turn  may,  as  pointed  out  by  Bollingei, 
become  a centre  from  which  an  extensive  epizootie  may  spread. 
Fortunately,  man  is  not  so  susceptible  to  this  disease  as  are  the 
equidae ; but  although  this  is  now  fully  recognised,  it  is  equally  well 
recognised  that  a chronic  case  in  the  human  subject  may  give  rise  to  an 
acute  case  in  a horse,  or  even  in  another  human  being,  as,  for  example, 
when  the  disease  is  contracted  during  an  autopsy  or  surgical  operation. 
Moreover,  these  chronic  cases  in  the  human  subject  may  extend  over 
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veai-s,  and,  as  during  the  whole  of  that  time,  with  the  exception  of  such 
periods  when,  from  the  temporary  healing  of  the  sores,  the  disease  may 
he  said  to  be  latent,  the  patient  needs  constant  nursing  and  dressing, 
he  may  be  a continual  source  of  danger  to  those  in  contact  with  him. 
During  part  of  this  infective  period  the  patient  may  be  engaged  in  his 
oalinary  work,  and  may  thus  umvittingly  spread  the  infection.  In  the 
human  subject,  as  in  the  horse,  the  disease  may  be  latent  from  the  first, 
then  suddenly  becoming  acute  it  is  often  not  recognised,  and  so  may 
constitute  a veiy  dangerous  source  and  centre  of  infection.  Dr.  Nuttall 
and  ^Ir.  Strangeways  mention  several  series  of  cases  with  pecidiar  modes 
of  infection.  Of  two  published  by  Eeniy  in  1897,  one  was  “a  woman 
who  became  infected  whilst  making  horse-hair  mattresses  ” ; the  second 
“a  person  who  acquired  glanders  from  being  struck  by  the  fist  of  a man 
who  owned  a glandered  horse.”  Two  cases  were  recorded  by  Grawleswki 
in  1893  ; a “ washerwoman  developed  a glanders  pustule  three  days  after 
washing  the  clothes  of  a man  who  had  died  of  the  disease  ” ; the  other  was 
“ an  old  man  who  attended  a person  who  died  of  glanders,  and  developed 
initial  lesions  in  places  where  he  was  accustomed  to  scratch  himself.”  A 
patient  with  a glanders  lesion  may  inocidate  himself  at  other  points  by 
scratching  himself  with  his  infected  finger-nails ; and  it  is  stated  that  the 
infection  “may  occiu*  in  man  through  coitus.”  It  is  recorded  that  a woman 
carrying  a breast-fed  baby  down  the  steps  of  a tenement  situated  near  a 
stable  passed  the  stable  door  as  a led  horse  was  being  brought  out ; just 
at  the  moment  the  horse  snorted  and  threw  some  of  his  foam  on  the 
child’s  face.  The  child  acquired  glanders ; a sister  who  nursed  it  also 
contracted  the  disease,  being  infected  by  the  child’s  nasal  discharge  which 
came  in  contact  -with  her  nipples.  Both  patients  succumbed  to  the 
disease. 

It  has  already  been  pointed  out  that  the  virus  from  a case  of  chronic 
glanders  may  produce  an  acute  condition  in  a man  or  animal  into  which 
it  has  been  inoculated.  Speaking  generally,  it  may  be  accepted  that  Avhen 
a micro-organism  is  cultivated  outside  the  animal  body,  it  becomes  more 
resi.stant  and  less  virulent.  It  is  well  known,  however,  that  by  a process 
of  “passage”  of  such  a micro-organism  through  a succession  of  animals 
of  the  .same  species,  it  usually  becomes,  on  the  one  hand,  more  virulent 
for  that  species,  but,  on  the  other  hand,  rapidly  loses  its  virulence  for 
certain  non-allied  specie.s.  Further,  even  in  the  same  s^jecies  the  bacillus 
may  find  the  conditions  for  its  growth  varying  very  markedly  from  time 
Uj  time,  corresponding  variations  in  the  manifestations  of  its  presence 
feeing  observed.  The  bacillary  factors  in  the  equation  vary  greatly  from 
the  outset,  as  the  organism  taken  from  an  animal — the  horse  or  the 
guinea-pig — may  be  mfxlified  by  special  methods  of  treatment  Under 
cultivation,  and,  according  to  Straus,  after  passage  through  a wolf,  this 
vinilcnce  falls  off  very  rapidly  until  the  bacillus  is  little  more  th.'in  a 
saprophyte.  If  the  parasitic  properties  are  to  be  retained,  it  is  essential 
that  the  l^acillus  should  now  and  again  be  pjissed  through  a susceptible 
animal.  Oamaleia,  working  with  the  Spermophilus,  .‘ind  Toth,  using  field- 
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mice,  found  that  continued  passage  through  these  animals  exalted  the 
virulence  of  the  liacillus  in  a most  remarkable  degree ; whilst  Sacharow, 
basing  his  ex2)eriments  on  the  analogous  experiments  on  rabbits  with 
streptococci,  found  that  the  B.  mallei  passed  through  a series  of  cats 
became  much  more  virulent  for  cats,  but  considerably  less  so  for  horses. 
Intracerebral  inoculation  into  susceptible  animals  so  raises  the  virulence 
of  the  B.  mallei  that  it  becomes  lethal  for  dogs — animals  usually  singularly 
resistant  to  its  attacks.  As  regards  the  second  factor  in  the  equation, 
although  certain  species  are  naturally  much  more  susceptible  than 
others,  individuals  of  a species  which  normally  has  a fairly  high  resisting 
power  may  have  that  resistance  broken  down  or  interfered  with  by 
anything  that  interferes  with  the  normal  metabolism  of  the  animal. 
Overwork,  bad  food,  overcrowding,  exposure,  or  disease,  in  fact  anything 
that  weakens  the  individual  physically  or  constitutionally,  renders  him 
more  susceptible  to  the  attack  of  this  bacillus.  For  example,  it  is  recog- 
nised that  the  overcrowding  of  horses  in  the  metropolitan  stables  is  a 
most  potent  factor  in  the  spread  of  glanders.  Horses,  each  of  which 
should  be  supplied  with  15,000  cubic  feet  of  air  per  hour,  are  only 
provided  with  one  quarter,  or  even  less,  of  that  amount.  In  war  time, 
overwork,  bad  food,  and  want  of  sleep  play  a similar  part,  whilst  experi- 
mentally it  has  been  shewn  that  small,  comparatively  insusceptible 
rodents,  in  which  a phloridzin  glycosuria  is  first  produced,  become  much 
more  susceptible  to  infection  by  glanders.  A similar  diminished  resist- 
ance to  this  and  certain  other  infective  conditions  has  been  noted  in 
human  patients  suffering  from  the  more  severe  forms  of  diabetes.  In 
consequence  of  this  great  but  varying  resistance,  and  of  the  long  periods 
during  which  the  B.  mallei  can  remain  alive  in  the  living  animal,  the 
so-called  masked  glanders  of  the  horse  and  the  chronic  glanders  of  the 
human  subject  assume  an  importance  that  otherwise  they  would  not 
possess.  The  resistance  being  broken  down  we  may  have  a regular 
auto-infection  and  the  outbreak  of  an  acute  form  of  the  disease  in  a case 
in  which,  although  the  infection  has  been  going  on  for  some  time,  the 
disease  was  quite  unsuspected.  The  number  of  those  cases  revealed  by 
the  mallein  test  is  referred  to  elsewhere  [vide  p.  2 1 0]. 

Bacteriology. — If  the  pus  or  broken-down  tissue  from  an  actively 
growing  glanders  nodule  be  mixed  with  a little  sterile  saline  solution,  and 
a small  portion  of  this  be  allowed  to  trickle  over  the  cut  surface  of  a 
sterile,  slightly  acid  or  neutral  potato,  which  is  then  incubated  at  the 
temperature  of  the  body,  bright  yellow  or  honey-coloured  colonies  soon 
make  their  appearance  on  the  surface  of  the  potato,  and  grow  so 
luxuriantly  that  in  eight  or  ten  days  the  colonies  of  other  organisms,  if 
any,  are  overgrown,  the  growth  going  on  more  rapidly  as  the  colonies 
become  larger  and  run  together.  In  these  later  stages  the  shining  or 
glistening  surface  assumes  first  a peculiar  fawn-brown,  and  ultimatel}^  a 
chocolate  or  cafd-au-lait  colour.  Blood-serum  may  be  used  instead  of 
potato  for  the  purpose  of  obtaining  a primary  growth.  On  this  medium, 
kept  at  the  temperature  of  the  body,  small  isolated  transparent  colonies 
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are  well  seen  in  about  bS  to  56  hours.  Yolk  of  egg  also  forms  an 
admirable  culture  medium,  the  growth  api->earing  as  small  nodules  or 
tubercles  in  about  24  hours.  White  of  egg  is  not  a good  medium.  The 
bacillus  Avill  grow  in  or  on  almost  any  of  the  ordinary  cultivation  media, 
especially  when  they  are  made  slightly  acid  or  neutral,  and  are  kept  at 
the  temperature  of  the  body  (optimum  temperature  36°  to  37°  C., 
minimum  21°  C.,  maximum  42°  C. ; growth  being  inhibited  at  43°  C.). 
In  gelatin  it  forms  a whitish  groAvth  made  up  of  chains  and  threads 
coiled  irregularly  and  penetrating  the  gelatin  in  various  directions,  and 
ultimately  brings  about  slow  liquefaction.  On  agar-agar  it  forms  a 
transparent  greyish-yellow  growth,  which  gradually  deepens  in  colour. 
On  glycerin  agar-agar,  on  which  it  grows  more  luxuriantly  when  milk  is 
added,  it  appears  (even  at  the  temperature  of  the  room)  as  a broad, 
white,  transparent  shiny  line,  which  follows  the  track  of  the  needle.  On 
a puree  of  potato,  or  in  potato-gelatin  or  potato-agar,  it  fonns  prominent 
translucent  plates,  with  a greyish  periphery  and  a shining  fawn-coloured 
central  part.  In  bouillon  containing  glycerin  it  forms  a cloudy  growth, 
which  after  a time  falls  to  the  bottom  of  the  tube  in  the  form  of  a 
ctuious  stringy  deposit.  It  appears  as  a white  growth,  at  the  end  of  a 
couple  of  days,  when  seeded  on  sterilised  carrot.  Milk  is  coagulated  in 
from  8 to  10  days  when  the  culture  is  kept  at  37°  C.  It  is  curious  to 
note  how  the  pigment  differs  on  these  various  media,  and  according  to 
the  age  of  the  growth.  The  growth  may  be  white,  as  on  gelatin,  or  it 
may  be  canary-yellow  at  first,  later  assuming  a fawn  colour,  then  an 
orange,  and  lastly  a brown  or  chocolate  colour.  On  potato  there  is  often 
a greenish  or  greenish-blue  discoloration  in  the  immediate  neighbourhood 
of  the  growth. 

The  bacillus  when  examined  under  the  microscope  is  1'5  to  3 or  even 
5 y.  long  by  0’25  to  0’4  y broad,  and  has  rounded  ends.  It  may, 
however,  assume  club  or  branching  forms ; sometimes  it  grows  in  the 
form  of  threads  10  to  25  yn  long,  or  it  may  assume  a coccal  form.  No 
spores  are  seen  in  its  substance,  but  sometimes  its  protoplasm  is  frag- 
mented, or,  at  any  rate,  is  very  irregularly  stained  in  deep  and  light 
bands  and  patches.  It  is  said  to  be  non-motile ; but  some  observers 
maintain  that,  in  certain  conditions,  the  bacillus  possesses  the  power  of 
motion,  especially  when  grown  aerobically,  the  organism  appearing  to 
make  its  way  to  the  free  surface.  Sir  J.  M'Fadyean  points  out  that 
ordinary'  cover-glass  preparations  of  farcy  pus  or  material  from  glanders 
nwlules  containing  glanders  bacilli  may  be  first  stained  with  any  of  the 
ordinary  basic  aniline  dyes — methylene  blue,  gentian  violet,  or  fuchsiu. 
Thionine  blue  is  also  a very  useful  stain.  The  nuclear  detritus  in  these 
sections  is  then  decolorised  by  means  of  a 4 per  cc!it  solution  of  acetic 
acid  for  about  5 to  1 0 seconds,  the  bacilli  resisting  the  decolorising  action 
of  the  acid. 


Differential  staining  of  the  organism  when  in  tlie  tissues  is  not  a very 
simple  matter,  as,  although  it  hikes  the  aniline  dyes  very  greedily,  it  gives 
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them  up  very  readily.  Gram’s  method  is  no  use  for  this  purpose  ; Noniewicz’s 
method  for  staining  the  bacillus  is  to  stain  for  two  to  five  minutes  in 
Lofller’s  methylene  blue  (concentrated  alcoholic  solution  of  methylene  blue 
30  c.c.  ; caustic  potash  O'Ol  jDer  cent  solution  100  c.c.),  to  wash  in  distilled 
water,  and  then  decolorise  for  from  1 to  5 seconds,  according  to  the  thickness 
of  the  section,  in  a mixture  of  75  parts  of  a 0-5  per  cent  solution  of  acetic  acid 
and  25  parts  of  a 0'5  per  cent  watery  solution  of  tropaeolin  ; to  wash  again  in 
distilled  water,  and,  after  spreading  the  section  on  a slide,  to  drj'  it,  first  with 
blotting-paper,  and  then  in  the  au-  or  over  a spirit  flame.  Clear  by  dropping 
xylol  upon  the  section  (oil  of  cloves,  origanum,  and  aniline  oils  must  be  avoided), 
and  mount  in  Canada  balsam.  The  bacilli  are  stained  dark  blue  or  nearly  black, 
and  the  tissue  light  blue.  To  obtain  good  diS'erential  staining  in  bacilli  con- 
tained in  sections  Sir  J.  M'Fadyean  uses  the  following  modification  of  the  tannic 
acid  mordanting  method,  which  appears  to  be  greatly  superior  to  any  other 
method  yet  recommended.  The  tissues  hardened  in  alcohol  are  embedded  and 
cut  in  paraffin.  Using  exceedingly  thin  sections,  the  paraffin  is  removed  and  the 
sections  are  stained  for  half  an  hour  in  methylene  blue  either  with  Kuhne’s 
carbolised  solution  or  Loffler’s  alkaline  solution,  or  simply  a 1 per  cent  solution 
in  10  per  cent  alcohol ; rinse  in  water  and  then  transfer  to  a 4 per  cent  solution  of 
acetic  acid  in  water  for  a few  seconds,  then  rinse  in  water  ; “ the  acid  solution 
almost  entirely  decolorises  any  normal  tissue  surrounding  the  lesion,  and  the  latter 
is  reduced  to  a pale  blue”;  then  immerse  the  section  for  15  minutes  in  a 
saturated  aqueous  solution  of  tannic  acid,  wash  thoroughly  and  stain  for  15  to 
30  seconds  in  a 1 per  cent  aqueous  solution  of  acid-fuchsin,'wash  in  water, 
dehydrate,  clear  in  cedar-wood  oil,  and  mount  in  xylol-balsam.  “ In  sections 
thus  treated  the  nuclei  and  nuclear  detritus  in  the  lesion  have  almost  entirely 
lost  the  blue  stain,  and  the  tissues  are  for  the  most  part  of  a faint  red,  while  the 
bacilli  are  of  a light  blue  colour.” 

As  it  is  sometimes  exceedingly  difficult  to  obtain  cultures  from  nodules, 
it  may  be  advisable,  for  diagnostic  purposes,  to  use  Straus’s  test  (72).  This 
observer  inoculates  a male  guinea-pig  or  a field-mouse  subcutaneously  in 
the  middle  line  of  the  abdomen,  or  intraperitoneally,  with  portions  of  the 
suspected  material,  and  later,  if  necessary,  obtains  cultfures  of  the  bacilli 
on  potato  or  blood- serum.  After  subcutaneous  inoculation  with  the 
glanderous  material  from  which  the  diagnosis  is  to  be  made,  tumefaction 
appears  at  the  seat  of  inoculation,  the  skin  ulcerates,  and  a mass  of  soft, 
almost  purulent  material  is  discharged,  a chronic  ulcer,  with  a waxy 
looking  base  and  dark-red  irregular,  indurated  and  raised  margins,  being 
left.  From  this  issues  a sero-purulent  discharge.  Ai-ound  it  there 
may  be  an  eruption  of  vesicles  and  pustules,  or  even  gangi’ene,  occuri’ing 
during  the  second  week.  In  some  cases  the  ulcer  may  heal ; the  h’m- 
phatic  glands  in  the  neighbourhood,  however,  become  enlarged  and 
tender,  and  may  then  ulcerate.  The  lymph-vessels  become  red  and 
painful  on  pressure,  the  veins  may  become  thrombosed,  and  at  the 
end  of  two  to  four  or  five  weeks  the  animal  dies,  Avith  a genei’al 
infection,  the  lungs  and  spleen  then  usually  being  involved.  In  the 
male  the  testicles  are  SAVollen,  and  later  an  acute  inflammation  causes 
considerable  enlargement  of  the  joints.  Field-mice  similarly  inoculated 
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die  in  three  or  four  daj’s.  Intraperitoneal  injection  into  a male  guinea-pig 
of  the  discharge  from  an  ulcerated  mucosa  or  gland  sets  up  a mucli 
earlier  iuHammation  of  the  testes ; this  often  occurs  as  soon  as  the  third 
or  fourth  day,  and  in  the  fluid  between  the  two  layers  of  the  tunica 
vaginalis  testis  glanders  bacilli  may  be  easily  demonstrated,  either  by 
microscopic  examination  or  by  the  cultivation  test.  In  these  experi- 
mental cases  the  primary  changes  are  inflammation  of  the  lymphatics 
and  orchitis;  the  nasal  mucous  membrane  is  not  affected  until  the 
later  stages  of  the  disease.  As  this  later  test  may  occasionally 
fail,  it  is  usually  advisable  to  repeat  the  experiment  on  two  or  three 
guinea-pigs.  Even  when  these  succeed  it  is  advisable  to  stain  the  bacilli 
by  Gram’s  method  in  order  to  confirm  the  diagnosis  by  elimination. 
Pure  cultures  of  the  Bacillus  mallei  injected  into  horses,  rabbits,  and  the 
animals  already  mentioned,  produce  characteristic  glanders  of  the  constitu- 
tional form.  White  mice  and  ordinary  house-mice  are  more  refractory, 
but  they  also  may  be  infected  by  very  virulent  bacilli.  Dr.  Nuttall  and 
Mr.  Strangeways,  collecting  evidence  from  various  sources,  state  that,  in 
addition  to  the  animals  above  mentioned,  cats  and  hedgehogs  are  highly 
susceptible  to  the  disease.  Rabbits,  the  goat,  sheep,  camel,  young  dogs, 
and  pigs  (the  latter  not  by  subcutaneous  injection)  are  more  resistant, 
whilst  adult  dogs  and  pigs,  cattle  (old  and  young),  the  chicken,  linnet,  and 
frog  all  appear  to  be  completely  resistant.  As  already  pointed  out,  the 
disease  occurs  spontaneously  in  the  horse,  mule,  and  donkey.  In  one 
menagerie  I found  two  lions  affected,  probably  infected  by  glandered 
horse-flesh ; tigers,  leopards,  and  bears  are  also  said  to  contract  the 
disea.se  from  this  som’ce,  the  bacilli  gaining  access  to  the  tissues  through 
wounds  made  by  the  spicules  of  bone  broken  dui'ing  the  chewing  process. 
Some  of  the  cases  that  appear  to  be  set  up  by  ingestion  may  be  due  to 
infection  through  such  a channel.  One  case  of  direct  infection  in  the 
human  subject  was  traced  to  the  use  of  an  imperfectly  sterilised  hypo- 
dermic syringe  with  which  cultures  of  the  glanders  bacillus  had  been 
injected.  The  specific  bacillus  may  be  associated  with  streptococci  and 
the  Staphylococcus  pyogenes  aureus ; and  it  is  probably  this  latter  organism 
that  gives  rise  to  the  peculiar  phlegmonous  lesions  sometimes  seen  in 
the  course  of  an  attack  of  glanders. 

The  glanders  bacilli  if  kept  moist  may  remain  alive  for  a month. 
Bonome  says  that  Avhen  dried  (kept  at  a temperature  of  2b°  C.)  they 
die  within  ten  days,  but  if  allowed  to  remain  moist  they  may  be  alive 
and  virulent  at  the  end  of  twenty  days ; they  are  said  to  remain  alive 
for  fifteen  or  twenty  days  in  ordinary  potable  water.  According  to 
hoffler  they  always  succumb  within  four  months.  Sanarelli  maintains 
that  the  bacilli  resist  putrefaction  for  a period  of  from  fourteen  to  thirty 
day.s.  .Again,  it  is  shited  that  in  aerobic  cultivations  they  die  in  a few 
days,  l)ut  that  they  may  survive  for  two  months,  provided  the  cultures 
are  anaerobic.  They  may  certoirdy  remain  .-live  when  grown  on  culture 
media  for  al)Out  a month.  These  organisms  are  readily  affected  by 
extremes  of  temperature  atid  by  even  weak  anti.septics.  If  kept  at 
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15-16°  C.  they  die  in  about  five  days.  It  is  said  that  at  a temperature 
of  about  55°  C.  they  succumb  in  ten  minutes,  and  at  62°  C.  they  die  in 
one  minute,  though  Bonome  says  that  he  has  found  them  still  alive  after 
an  exposure  for  six  hours  to  a temperature  of  70°  C.  At  75°  C.  they  are 
killed  in  five  or  six  minutes,  and  at  90°  C.  to  100°  C.  in  three  minutes. 
Bromberg  states,  however,  that  in  an  old  cultivation  all  the  bacilli  are  not 
killed  after  exposure  to  a temperature  of  100°  C.  for  as  long  as  half  an 
hour.  Exposure  to  direct  sunlight  for  a day  ensures  the  death  of  the 
bacillus.  The  action  of  even  weak  antiseptics  on  these  organisms  is 
very  marked.  They  are  rendered  inert  and  incapable  of  growth  by 
1 : 2000  perchloride  of  mercury  solution  (1  : 100  kills  them  in  fifteen 
minutes),  or  1:100  turpentine  in  water.  Watery  solution  of  carbolic 
acid,  1 : 20,  has  a similar  effect  in  five  minutes,  or  1 : 100  in. two  to  four 
hours. 

It  has  already  been  stated  that  the  glanders  bacillus  when  cultivated 
as  a saprophyte  loses  its  virulence  very  rapidly,  and  in  certain  conditions 
it  so  far  loses  its  activity  as  to  set  up  an  exceedingly  modified  form  of 
the  disease  in  the  horse ; for,  although  it  is  recorded,  'pace  Loffler,  that  an 
unoccupied  stable  has  remained  infected  for  a period  of  a year  and  a half, 
most  observers  point  out  that  if  the  organism  exists  outside  the  tissues  for 
any  long  period  it  becomes  greatly  attenuated.  Although  the  Bacillus  mallei 
grows  best  in  the  presence  of  oxygen,  it  is  capable  of  growing  anaerobically; 
indeed,  when  so  grown  it  appears  to  have  a greater  power  of  forming 
toxins  than  when  it  has  access  to  a free  supply  of  ox}^gen.  It  has  also 
been  stated  that  the  virus  may  be  exalted  by  passing  it  through  a series 
of  cats,  under  which  conditions  it  ultimately  becomes  less  virulent  for  the 
horse ; a horse  inoculated  with  virus  so  attenuated  passes  through  a 
modified  attack  of  the  disease,  and  is  then  jaroof  against  attacks  of 
more  virulent  cultures  of  the  organism.  This  observation  still  requires 
corroboration. 

Mallein. — Babes,  Kalning,  Preusse,  and  Helman  prepared  from  the 
Bacillus  mallei  a substance  similar  to  that  prepared  by  Koch  from  the 
Bacillus  tuberculosis.  An  active  toxin-forming  glanders  bacillus  (which 
may  be  obtained  by  smearing  the  pus  from  a freshly-opened  farcy  lesion 
of  a horse  over  the  cut  surface  of  a sterilised  potato,  the  discrete  colonies 
being  selected  as  seed  material)  is  cultivated  in  peptone  bouillon  to  which 
a small  proportion  of  glycerin  has  been  added.  The  culture,  if  pure 
(tested  from  time  to  time  by  inoculating  potatoes),  is  incubated  at  a 
temperature  of  37°  C.  for  a month  or  six  weeks ; it  is  then  placed  in  the 
autoclave  and  heated  to  120°  C.  for  twenty  minutes  or  half  an  hour  on 
each  of  three  successive  days  to  destroy  all  the  bacilli.  To  prevent 
putrefaction,  carbolic  acid  in  the  proportion  of  0'5  per  cent  is  added, 
after  which  the  fluid  is  filterefl  through  a porcelain  filter  in  order  to 
remove  the  bodies  of  the  bacilli.  This  fluid  conbiins  the  active  toxic 
material,  secreted  by  the  glanders  bacillus,  in  such  quantities  that  when 
injected  in  definite  doses  (1  c.c.)  it  gives  rise  to  a very  distinct  reaction 
in  an  average-sized  glandered  horse,  whilst  in  horses  unaffected  with 
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gliindei's  no  reaction  is  provoked  by  a dose  of  even  6 c.c.  In  Koux’s 
niethod  of  preparing  mallein  the  sterilised  filtrate  is  concentrated  by 
evaporation  until  it  becomes  a syrupy  fluid.  This  is  then  diluted  with 
ten  times  its  volume  of  OTi  per  cent  solution  of  carbolic  acid.  Of  this 
carbolised  fluid,  which  “ keeps  ” Avell,  3 c.c.  is  sufficient  to  set  up  a definite 
“ rejiction  ” in  a glandered  horse.  The  term  mallein  is  sometimes  retained 
for  a watery  or  watery  glycerin  “ extract  ” of  a potato  cultivation  of  the 
Bacillus  mallei.  It  is  stated  that  this  may  be  used  as  a diagnostic  agent, 
but  that  it  has  no  curative  effect.  To  the  bouillon  filtered  cultivation 
described  above  the  term  Morvin  has  been  applied  by  Motoe  and  A.  Babes, 
who  ascribe  to  it  not  only  a diagnostic  but  a curative  value.  It  is  quite 
possible  that  the  very  different  values  ascribed  to  mallein  as  a diagnostic 
agent  by  various  observers  may  result  from  the  use  of  these  different  re- 
agents. Mallein  has  been  recommended  for  diagnostic  pui-poses  in  the 
hiunan  subject,  but  there  appear  to  be  clear  indications  against  its  use. 
In  some  of  the  chronic  cases  in  Avhich  it  has  been  used  no  reaction  has 
been  obtained,  while  in  others,  although  no  vascular  reaction,  such  as  takes 
place  when  tuberculin  is  injected  in  tuberculous  cases,  occurs,  there  may  be 
general  reaction,  marked  by  a rise  of  temperature  of  2°  or  S'"  C.,  pain  in  the 
head,  and  faintness,  all  during  the  first  twelve  to  eighteen  hours.  This  is 
followed  by  pain  and  swelling  at  the  seat  of  injection,  Avhich  may  last  for 
two  or  three  days.  Since  a dose  of  mallein  sufficient  to  give  a diagnostic 
reaction  may  cause  a chronic  case  to  assume  an  acute  character,  it  is 
endent  that  this  reagent  must  be  used  with  the  utmost  caution.  Even  in 
suspected  acute  cases  it  is  doubtful  whether  we  are  justified  in  using  mallein 
^vith  the  object  of  determining  the  nature  of  the  disease.  As  regards  the 
dose,  it  is  maintained  that  ^th  or  even  of  the  dose  that  will  set  upD 
a reaction  in  the  horse  and  is  innocuous  to  that  animal  will  give  a reaction 
in  the  human  subject.  Whether  Sir  AJmroth  Wright’s  opsonin  method 
^vill  be  helpful  in  either  the  diagnosis  of  this  disease  or  in  the  observa- 
tion of  its  course  during  treatment  still  remains  to  be  proved.  As  there 
is  some  misconception  as  to  the  nature  of  the  reaction  to  mallein,  it 
may  be  stated  generally  that  unless  the  temperature  rise  2°  C.  rapidly, 
commencing  six  to  eight  hours  after  injection,  and  goes  above  40°  C.  (this 
is  often  repeated  twenty-four  hours  later),  and  a swelling  of  three  or  four 
inches  in  diameter  and  one  to  one-and-a-half  inch  in  height  appears,  and 
continues  to  increa.se  foi’  a number  of  hours,  after  the  sixteenth  or 
eighteenth  hour,  the  reaction  is  not  characteristic.  It  should  also  be 
Ixjme  in  mind,  as  Nocard  points  out,  that  this  reaction  can  be  obtained 
only  when  the  temperature  is  normal ; mallein,  therefore,  should  never 
be  injected  for  diagnostic  purposes  when  the  tcmp^ej’ature  is  already  high. 
Shouhl  no  spjecific  leaction  be  obtained,  a second  injection  maj'  safeh' 
be  given  eight  or  ten  days  later.  Babes  recommends,  thei'cfore,  in  all 
outbreaks  of  glanders  that  after  destroying  all  the  animals  that  are 
manifestly  glandered,  the  “contact”  aniin.'’ls  should  receive  a cou])le  of 
injections  of  mallein  at  intervals  t>f  021c  to  two  weeks.  All  the  hoi'ses 
that  have  reacted  typiically  should  be  i.solatcd  iit  once.  Remove  iill  the 


212 


SYSTEM  OE  MEDICINE 


iiiiinifils  thiit  do  not  rcixct.  Keep  those  tluit  have  reacted  once  in 
thoroughly  disinfected  stables,  and  inject  with  small  and  increasing 
doses  of  mallein,  keeping  them  quite  apart  from  other  animals,  providing 
separate  drinking- vessels,  etc.  Test  with  a diagnostic  dose  every  two 
months,  and  be  guided  by  reaction  and  clinical  course  of  the  disease  as  to 
whether  the  animal  should  be  slaughtered.  If  it  continues  to  react, 
or  if  the  glanders  becomes  manifest,  there  should  be  no  hesitation 
about  this. 


Glanders 

Morbid  Anatomy. — In  horses  that  come  into  the  hands  of  the 
knacker  or  into  the  post-mortem  room  the  lungs  are  almost  invariably 
involved,  though  other  lesions  are  fairly  frequently  met  with.  The  best 
description  of  the  typical  pulmonary  lesions  of  glanders  is  that  given  by 
Sir  J.  M'Fadyean,  on  whose  description  the  following  account  is  based : ^ 

— On  passing  the  hand  over  the  surface  of  a lung  affected  with  glanders, 
firm,  hard  nodules  may  be  felt  not  oidy  immediately  under  the  pleura, 

I)ut  also,  on  deeper  palpation,  at  some  distance  from  the  surface.  On 
section,  pearly  grey  nodules,  some  with  a peculiar  yellowish-white  centre 
and  surrounded  by  a dark,  htemorrhage-like  zone,  may  be  seen ; these  < 
vary  in  size  from  points  just  ^dsible  to  the  naked  eye  to  nodules  the  size 
of  a pea,  a hazel-nut,  or  even  a walnut — the  pea-sized  nodules  being  the 
most  abundant.  I have  seen  a glandered  lung  in  which  only  a couple  of 
these  nodules  could  be  made  out ; whilst  in  others  I have  seen  from  a 
dozen  up  to  several  hundreds.  These  nodules,  however,  can  never  be 
spoken  of  as  innumerable  3 so  that  in  this  respect  they  differ  from  true  » 
pulmonary  tubercles,  which,  in  the  horse,  if  not  innumerable,  can  be 
counted  by  thousands.  Sometimes  dark  haemorrhagic  areas  may  be  noticed 
in  the  lung,  in  which,  scattered  at  intervals,  are  grey  nodules  similar  to 
those  described  above.  Within  a greyish  capsule  is  a white  centre  which 
may  be  somewhat  softened;  though  it  seldom  undergoes  purulent  degenera- 
tion. When  the  centre  is  firm  it  may  often  be  “ easily  shelled  out  with 
the  point  of  a scalpel  from  the  greyish  peripheral  portion  in  some  cases 
this  central  portion  undergoes  calcareous  infiltration.  On  examining  the  \ i 
hicmorrhage-like  areas  under  the  microscope,  it  is  found  that  the  central  ^ ’ 
zone  consists  of  lung -tissue  densely  packed  with  polymorphonuclear  • 
leucocytes  or  pus-corpuscles,  which  occupy  the  alveoli  and  compress  the  v ' 

septa  ; in  this  region  there  is  little  or  no  proliferation  of  the  epithelial  cells  t 

lining  the  alveoli.  Immediately  around  this  area  is  a zone  in  which  may  be  ( 
seen  numerous  epithelioid  cells,  each  containing  a single  vesicular  nucleus, 
which  does  not  stain  nearly  so  deeply  as  does  the  polymorphonuclear 
foi'in ; here  also  a few  giant-eells  may  be  found  among  the  epithelioid 
cells.  E.xcept  at  the  margin  of  this  zone,  it  is  diffieult  to  make  out  the 
remains  of  the  walls  of  the  air-vesicles ; but  immediately  outside  this  is 

' Tlirougli  tlie  lciudne.s.s  of  Sir  .1.  M'Fatlycaii  I havu  been  enabled  to  m.ake  an  examination 
of  these  lesions  of  the  lung,  and  also  of  other  tissues. 
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a third  zone  in  %vhich,  from  thickening  of  their  wiills,  the  air-vesicles 
are  considerably  smaller  than  normal.  The  thickened  septa  are  com- 
posed of  fibrous  tissue  vith  elongated  nuclei  ; whilst  the  cat’ity  or 
vesicle  contains  a lining  of  more  or  less  cubical  epithelial  cells,  a tmmber 
of  free  epithelioid  cells,  a few  leucocytes,  and  large  mononuclear  cells 
containing  particles  of  carbon.  Here  too  may  be  seen  a few  strands  of 
coiigulated  fibrin.  Surrounding  this  area  is  a zone  in  which  the  changes 
are  indistinguishable  from  those  found  in  croupous  pneumonia;  the 
inter-alveolar  capillaries  are  distended  with  blood,  and  the  alveoli  contain 
delicate  coagula  in  which  leucocytes,  detached  epithelial  cells,  and  a few 
red  blood -corpuscles  are  entangled  in  a network  of  coagulated  fibrin. 
It  appears  that  this  pneumonic  condition  is  the  first  indication  to  the 
naked  eye  of  the  jsresence  of  a glanders  nodnle ; although  by  careful 
microscopic  examination  we  learn  that  the  small  area  of  infiltrated 
leucocytes  constitutes  the  primary  change.  This  small  area  becomes 
surrounded  by  a pneumonic  zone,  in  which  thickening  of  the  alveolar 
walls  and  packing  of  the  alveoli  with  various  kinds  of  cells  may  be 
observed ; the  process  spreads  from  the  centre  outwards,  the  pneumonic 
zone  indicating  the  part  most  recently  affected.  When  the  process  is 
more  chronic  this  so-called  haemorrhagic  appeai’ance  is  absent,  and  the 
centre  of  the  nodule,  as  it  softens,  is  found  to  be  composed  of  leucoc3rtes 
and  gianular  detritus ; outside  this  is  a zone  in  which  large  epithelioid 
cells  are  abundant,  and  amongst  them  a few  giant-cells  which  are 
indistinguishable  from  those  met  with  in  a tuberculous  nodide.  The 
pearl-grey  capsule,  as  in  tuberculosis,  is  made  up  of  connective  tissue  in 
various  stages  of  development,  whilst  immediately  outside  this  is  a zone 
which  consists  of  fibrotic  lung  tissue,  in  which  the  walls  of  the  alveoli 
are  enoimously  thickened ; the  air-vesicles  are  correspondingly  diminished 
in  size,  and  are  lined  by  distinctly  cubical  epithelium  : this  part  of  the 
lung-ti.ssue  closely  resembles  the  white  pneumonia  described  by  Virchow 
in  the  lungs  of  syphilitic  children,  a condition  also  found  in  other  forms 
of  interstitial  pneumonia  occurring  in  the  adult.  As  in  these  con- 
ditions, there  is  in  glanders  considerable  injection  of  the  vessels  in  this 
new  ti.ssue  ; and  there  may  be  fibrinous  exudation  into  the  air- vesicles  just 
beyond  the  area  of  the  healthy  lung.  Then,  too,  as  in  tuberculosis,  a 
central  area  may  shrink  and  become  calcified ; and  this  area,  surrounded 
by  a <listinct  fibrous  capsule,  represents  the  nearest  approach  to  healing 
and  isolation  that  ever  occurs  in  the  case  of  a glanders  nodule.  Sir  J. 
MTadyean  believes  that  in  the  horse  the  nodules  originate  in  con- 
nexion with  the  air-vesicles,  but  whether  in  consequence  of  the  arrest  of 
glanders  bacilli  in  an  alveolar  capillaiy,  or  of  the  penetration  of  the 
V)acilli  into  a vesicle  with  the  resj)ired  air,  he  docs  not  decide;  he  inclines, 
however,  to  the  belief  that,  as  the  nodules  ai'c  com])arativcl_v  lew  in 
nnmlxir,  anrl  arc  often  confined  to  one  lung,  the  infection  is  not  spread  by 
the  bkxKl  ; moreover,  the  ii’regular  distribuMon  and  the  difference  of  ago 
of  the  iKxlules  point  rather  to  a di.sscmination  of  the  bacilli  by  the  air- 
pa.=wages.  If  the  starting-point  of  the  nodnle  l)c  the  imdtijjliration  of 
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bacilli  that  have  come  to  rest  in  the  cavitj'  of  an  air-vesicle,  infective 
matter  may  find  its  way  from  this  point  along  the  bronchi  to  other 
portions  of  the  lung,  to  form  fresh  foci  of  disease.  In  support  of  this 
opinion  it  may  be  urged  that  the  small  bronchi  often  contain  numerous 
leucocytes,  some  in  various  stages  of  degeneration  ; whilst  evidence  of 
proliferation  in  the  perivascular  lymphatics  is  comparatively  rare.  In 
certain  cases,  indeed,  the  lymphatic  system  seems  to  be  more  directly 
invaded  ; but  such  invasion  appears  to  go  on  much  more  slowly  and 
in  a much  more  localised  fashion  than  in  the  case  of  tuberculosis ; the 
lymphatic  glands  are  seldom  enlarged,  and,  in  marketl  contradistinction 
to  the  glands  in  tuberculosis,  they  present  remarkably  few  changes  of 
any  kind,  especially  when  examined  merely  with  the  naked  eye.  In 
consequence,  however,  of  the  lymphatic  infection  large  areas  of  the 
lung-tissue  may  be  more  or  less  consolidated ; the  interlobular  septa  are 
thickened  and  fibrous-looking,  whilst  between  these  there  is  evidently  a 
pneumonic  exudation  from  which  a little  clear  fluid  may  escape.  This 
mass  of  lung-tissue  is  usually  moist  and  of  a pinkish  colour,  and  here 
and  there  in  it  small  white  points  may  be  distinguished.  These  points, 
when  examined  under  the  microscope,  are  found  to  consist  of  a group  of 
air-cells,  crowded  with  leucocytes  surrounded  by  a number  of  epithelioid 
cells ; whilst  the  pink,  consolidated,  moist  mass  consists  simply  of  lung- 
tissue  in  a state  of  croupous  pneumonia,  in  which  the  ljunphatics  of  the 
thickened  interlobular  septa  are  found  to  contain  an  exudation  similar 
to  that  present  in  the  air  - vesicles.  In  certain  cases  the  solidified 
portion  of  the  lung,  usually  the  lower  edge,  is  more  like  the  white 
pneumonic  lung  of  Virchow^  In  this  consolidated  mass  we  find  a con- 
dition of  chronic  bronchitis  and  peribronchitis,  the  whole  bronchial  wall 
being  appai’ently  replaced  by  granulation-tissue  consisting  of  round  cells 
and  young  connective  tissue ; whilst  in  the  lung  near  or  around  this 
mass  we  have  a condition  of  chronic  interstitial  pneumonia.  This  is 
usually  associated  with  the  presence  of  nodules  of  glanders  in  other  parts 
of  the  lungs.  When  the  nodules  are  close  to  the  surface  of  the  lung  the 
overlying  pleura  is  always  thickened,  especially  in  its  deeper  layer,  where 
the  thickening  is  often  the  result  of  irritation  of  the  lymphatics,  resulting 
in  the  formation  of  fibrous  tissiie  ; it  is  sometimes  associated  also  with 
the  development  of  villous  fibrous  granulations  on  the  pleural  surface. 
Although  these  glanders  nodules  occur  most  frequently  in  the  lung, 
similar  nodules  may  be  found  in  the  lymphatic  glands,  or  liver.  They 
have  an  opaque,  evidently  degenerated  centre  surrounded  by  a capsule  of 
well-developed  translucent  fibrous  tissue,  or  the  whole  nodule  may  be 
grey  and  translucent,  affording  evidence  of  a reaction  of  the  con- 
nective-tissue cells,  and  of  a tendency  to  recover}'.  In  some  instances 
the  central  portion  of  the  nodule,  instead  of  becoming  caseous,  may 
soften,  and  in  course  of  time  “burst  spontaneously  and  discharge 
pus”  (M'Fadyean).  It  is  now  generally  accepted,  states  the  same 
author,  that  all  the  more  rapidly  formed  nodules  in  acute  cases  are 
composed  primarily  of  aggregated  polymorphonuclear  leucocytes  which 
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appear  to  niigi~ate  from  congested  vessels  (chemiotaxis,  the  result  of 
the  attraction  of  the  glanders  poison),  and  then,  under  the  influence  of 
the  glanders  bacilli,  to  undergo  a rapid  necrosis  (the  chroraatotaxis  of 
Unna).  There  is  little  reaction  of  the  connective  tissue,  the  disease  runs 
a rapid  course  and  ends  fatally.  In  this  special  form  of  necrosis  the 
nuclei  of  the  cells,  especially  those  “ in  the  centre  of  a nodule,  become 
disorganised  while  the  cell-body  is  still  intact,  and  the  fragments  of 
chromatin,  resulting  from  the  nuclear  disintegration,  for  a considerable 
period  retain  a strong  affinity  for  the  ordinary  nuclear  stains.  . . . 
This  peculiar  degeneration  sets  in  almost  immediately,  and  the  nuclear 
fragments  are  remarkably  persistent,  since  they  are  found  in  nodules 
whose  fibrous  capsules  indicate  that  they  are  of  old  standing.  I have 
been  most  struck,”  he  continues,  “ with  the  importance  of  this  form  of 
necrosis  as  an  assistance  in  the  recognition  of  glanders  lesions  bj^ 
observing  that  it  occurs  not  only  in  the  ordinary  circumscribed  nodular 
lesions,  but  is  also  a marked  feature  in  acute  diffuse  glanderous  pleurisy. 
In  such  cases  the  layer  of  fibrinous  lymph  on  the  surface  of  the  inflamed 
pleura  contains  numerous  polymorphonuclear  leucocytes,  which  are  here 
and  there  aggregated  into  clusters  like  miliary  abscesses.  Similar 
collections  of  these  cells  are  met  with  in  the  same  position  in  the  much 
commoner  cases  of  streptococcus  pleurisy  in  the  horse,  but  the  two 
lesions  are  readily  distinguishable,  histologically,  by  the  fact  that  pro- 
nounced chromatotaxis  of  the  leucocytes  occurs  in  the  glanderous  pleurisy, 
while  it  is  entirely  absent  in  the  other.” 

In  most  of  the  acute  cases  this  mass  of  degenerated  leucocytes  is 
surrounded  by  a zone  of  tissue  in  which  the  lymph-spaces — or,  as  we 
have  seen  in  the  lung,  the  alveoli — are  filled  with  fibrin.  As  the  process 
becomes  more  chronic,  i.e.  when  the  fixed  tissue-cells  have  had  time  to_ 
react  to  the  stimulation  set  up  b)'’  the  glanders  bacilli  and  their  products, 
and,  possibly,  also  by  the  degenerated  tissues  and  fibrin  (which  now  may 
be  looked  upon  as  playing  the  part  of  foreign  bodies),  we  find  at  the 
periphery  of  the  nodule,  in  the  region  where  the  tissues  though  not 
destroyed  are  somewhat  damaged,  a marked  proliferation  of  the  fixed 
connective-tissue  cells,  later  the  formation  of  fibrillated  tissue  from  these 
multiplying  cells,  and  finally  a well-developed  fibrous  capsule  to  the 
nodule.  This  constitutes  the  translucent  zone  found  surrounding  the 
more  opaque  centres  in  so  many  of  the  chi'onic  glanders  nodules  in 
the  lung.  Sir  J.  MTadyean  considers  that  “the  peculiar  degeneration 
(chromatotaxis)  which  never  fails  to  set  in  in  the  central  part  of  a 
glanders  nodule”  and  “the  slight  tendency  to  peripheral  extension  which 
the  glanders  noflule  ordinarily  exhibits”  are  two  features  by  the  aid  of 
which  the  glanders  noflule  may  infallibly  bo  distinguished  from  the 
ordinary  miliary  abscess.  Where  the  process  is  more  acute  this  localisa- 
tion may  not  take  place ; the  area  of  degeneration  extends,  the  centre 
undergoes  marked  and  rapid  “puriform”  softening,  there  is  no  cell- 
reaction  on  the  part  of  the  connective  tiasuo,  and  the  limiting  fibrous  tissue 
zone  never  makes  its  apj»canince. 
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It  is  evident  that  glanders  must  be  looked  upon  as  the  local  and  out- 
ward manifestation,  or  as  the  group  of  primary  phenomena  of  a peculiar 
pysemic  condition  which  may  be  spoken  of  as  farcy ; indeed,  one  writer 
(Bendall)  says  that  as  the  malignant  pustule  of  charbon  in  man  is  to  the 
constitutional  blood-poisoning  of  anthrax,  so  the  local  glanderous  affection 
of  the  nose  is  to  the  general  pyoemia  of  farcy. 

Symptoms. — In  many  cases  of  glanders  there  are  absolutely  no 
symptoms  on  which  a trustworthy  diagnosis  can  be  based,  and  it  is  only 
since  the  use  of  mallein  has  come  to  be  properly  understood  that  any 
accurate  estimate  of  the  number  of  glandered  horses  in  the  stables  of  our 
large  towns  has  been  possible  (for  every  manifestly  glandered  horse 
found.  Sir  J.  M'Fadyean  calculates  that  at  least  five  will  react  to  the 
mallein  test).  The  earlier  descriptions  of  the  symptoms  have  almost 
invariably  been  taken  from  ordinary  cases  of  advanced  glanders,  and 
are  now  therefore  of  comparatively  little  value  excej^t  from  an  historical 
point  of  view.  The  earliest  symptom  in  the  horse  is  usually  an 

unaccountable  loss  of  condition.  Though  apparently  under  exactly  the 
same  conditions  as  regards  food  and  appetite,  general  hygiene,  exercise, 
and  work,  the  animal  falls  off  in  general  health.  Tliis  falling  off  is  often 
accompanied  by  more  or  less  polyuria,  and  is  generally  followed  by 
swelling  of  one  or  other  of  the  limbs,  usually  of  the  hind  leg,  in  which 
there  is  found  a kind  of  inflammation  of  the  lymphatic  system — 
glanderous  lymphangitis-,  “farcy- buds”  and  “swollen  leg”  often  being 
marked  features  of  the  disease  at  this  stage. 

Following  or  accompanying  these  symptoms,  submaxillary  enlargement 
and  induration  afford  still  more  positive  evidence  of  the  presence  of  the 
glanderous  condition ; and  a short  dry  cough,  indicating  the  presence  of 
some  lesion  in  the  lungs,  is  often  met  with,  sometimes  before  any  other 
symptom  has  had  time  to  manifest  itself.  The  frequent  occurrence  of 
this  cough  is  readily  understood  when  it  is  borne  in  mind  that  in  both 
farcy  and  glanders  the  lungs  are  so  frequently  involved  that  it  is  held 
that  in  every  case  a lung  lesion  may  be  found  if  a careful  enough  search 
be  made.  It  is  sometimes  stated  that  a thin,  watery  discharge,  which 
gradually  becomes  thick,  viscid  and  glue-like,  sero-purulent,  bloody,  and 
often  extremely  offensive,  is  pathognomonic  of  this  disease,  and  that  it 
should  always  be  looked  for.  When  present,  sucli  discharge  may  help  us 
to  form  a correct  diagnosis ; but  it  has  been  abundantly  proved  that  no 
great  reliance  can  be  placed  on  this  feature,  as  it  is  only  found  in  those 
cases  in  which  nasal  ulceration  has  made  its  appearance, — an  ulceration 
which  occurs  in  a very  small  proportion  of  the  cases  that  come  up  for 
examination,  and  in  these  in  the  later  stages  only  of  the  disease.  On 
examining  an  advanced  case  of  glanders  the  mucous  membrane  of  the 
nose,  especially  that  on  the  septum  nasi,  is  found  greatl)^  congested  in 
certain  areas  ; in  some  cases,  however,  it  presents  a dull  leaden  colour. 
On  the  septum  nasi,  which  should  always  be  examined,  small  shotty 
nodules,  usually  surrounded  by  a congested  zone,  ma}'^  be  seen  in  the 
early  stages  of  the  disease  -,  after  a time  these  nodules  become  pale  in 
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the  centre,  soften,  and  ulcerate,  the  softened  central  jjortion  cscaj^ing  and 
leaving  a small,  deep,  circular  ulcer  with  a shaiply  defined  edge,  as  though 
the  ulcer  had  been  punched  out.  As  these  ulcers  increase  in  number  and 
size  they  gradually  run  together,  and  form  serpiginous  ulcers,  which  once 
recognised  cannot  easily  be  mistaken  for  anything  else.  When  these 
ulcers  heal,  as  they  sometimes  do,  peculiar  elongated  or  radiating 
cicatrices  are  left.  The  whole  of  the  ulceration  on  the  septum  is  not, 
however,  of  this  character.  In  some  specimens  preserved  at  the  Koyal 
Veterinary  College  in  Camden  Town  there  is,  as  pointed  out  to  me  by 
Sir  J.  M‘Fad\’ean,  a kind  of  superficial  erosion  j beneath  these  eroded 
surfaces  there  appears  to  be  very  little  infiltration,  and  it  may  be  that 
this  superficial  ulceration  or  erosion  is  due  to  the  action  of  the  irritant  or 
caustic  discharge  from  some  of  the  punched-out  ulcers  on  the  surface 
of  the  mucous  membrane  over  which  it  flows.  The  two  conditions  are 
perfectly  distinct,  though  the  second  form  is  not  usually  noted.  With 
the  ulceration  there  is  often  swelling  of  the  nasal  mucous  membrane, 
with  consequent  obstruction  of  the  respiratory  passages  and  a peculiar 
“ choking  ” breathing.  At  this  stage  marked  submaxillary  lymphadenitis 
is  often  present.  The  glands,  usually  swollen  and  indicated,  seem  little 
disposed  to  undergo  sirppurative  changes.  The  disease  may  spread  to 
the  frontal  sinuses ; the  skin  on  the  forehead  becomes  thickened  and 
tender ; the  subcutaneous  lymphatics  in  the  face  and  neck  usually  en- 
large, and  when  opened  are  frequently  found  to  contain  soft,  greasy, 
pyoid  material.  The  swollen  lymphatics  are  the  so-called  farcy-pipes. 
Along  their  course  nodular  dilatations  may  usually  be  seen  ; these  are 
said  to  occupy  the  sites  behind  the  valves  of  the  lymphatics.  In  “ button- 
farcy,”  moreover,  small  tubercular  nodules  are  met  with  in  the  skin  of 
the  limbs,  or  more  rarely  of  the  abdomen  and  thorax.  In  these  positions 
also  the  so-called  “ worms  ” are  often  seen.  The  limbs  (especially  the 
thighs  of  both  hind  limbs),  usually  affected  at  an  early  stage,  are  stiff, 
hot,  and  tender  ; abscesses  form,  sometimes  subcutaneously,  at  other 
times  apparently  in  the  substance  of  the  muscles.  The  matter  from  a 
newly-opened  farcy-bud  has,  as  a rule,  very  distinctive  characters ; it  is 
glairy  or  oily,  and  contains  but  a small  number  of  leucocytes,  so  that 
u-sually  it  is  easily  distinguishable  from  staphylococcus  pus,  and  “strangles 
pu-s.”  A most  important  point  is  that  glanders  bacilli  are  usually  not 
verj-  abundant  in  farcy  pus ; on  the  other  hand,  other  organisms,  such  as 
staphylococci  and  streptococci,  are  .seldom  if  ever  present.  It  follows, 
therefore — and  this  is  the  result  of  genei-al  experience — that  if,  on  micro- 
scopical examination,  no  bacteria  can  be  found  in  the  matter  from  a 
comfKiratively  superficial  lesion,  such  lesion  is  probably  glanderous  in  its 
nature ; and  in  such  matter  cultivation  or  inoculation  experiments 
usually  demonstrate  the  presence  of  the  Bacillus  mallei,  even  when 
present  in  very  small  numbers.  The  ajqietite,  at  first  good,  gradually 
becomes  imfjaired  ; the  animal  loses  strength  and  flesh  ; the  cough  gets 
worse ; the  abdomen  is  retracted  ; the  coat,  staring  at  first,  gradually 
falls  off,  and  the  animal  dies  of  cxhaustioti. 
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Farcy 

Farcy  is  seldom  a primary  disease  in  the  horse,  but  it  appears  to  be 
the  usual  form  of  the  disease  in  the  human  subject,  in  whom  it  assumes 
a form  similar  to  glanders  experimentally  produced.  In  experimental 
glanders  the  malady  usually  appears  as  an  acute  or  generalised  pyaemic 
state,  and  the  discharge  from  the  nose  and  other  nasal  conditions  make 
their  appearance  in  the  later  and  more  chronic  stages  of  the  disease. 

Morbid  Anatomy.  — These  later  stages  are  usually  characterised 
by  the  presence  of  minute  nodular  new  growths,  very  similar  in 
structure  to  those  described  in  the  lung  of  the  horse ; they  are 
made  up  of  migrated  leucocytes,  which  are  very  apt  to  undergo 
disintegration,  especially  in  the  centre,  and  thus  to  give  rise  to 
minute  abscesses  and  ulcers.  These  nodules  are  found  most  frequently 
in  the  skin  and  subcutaneous  tissue,  iu  the  mucous  membranes  of 
the  organs  of  respiration,  and,  though  less  frequently,  in  the  internal 
organs.  In  acute  cases  the  ulcers,  which  as  a rule  are  exceedingly  foul, 
seldom  heal ; but  in  cases  of  chronic  glanders,  healing,  partial  or  complete, 
often  occurs.  Farcy  in  man  has  been  well  described  as  taking  the  form 
of  an  acute  or,  more  rarely,  a chronic  specific  pyaemia,  characterised  by 
eruptions  on  the  skin,  on  the  nasal  mucous  membrane,  or  on  both, 
frecpieutly  accompanied  by  the  formation  of  intramuscular  abscesses, 
sometimes  of  enormous  size.  The  glands  are  rarely  specially  affected  ; 
there  is  usually  inflammatory  oedema  and  swelling  of  the  limbs. 

Pus  is  often  found  in  the  internal  organs ; in  the  kidney,  be- 
tween the  stomach  and  spleen,  iu  the  posterior  lobes  of  the  brain,  in 
the  shafts  of  the  bones,  and  separating  cartilage  from  bone.  In  acute 
cases  small  abscesses,  similar  to  those  in  the  lung,  are  also  found  in 
the  skin  and  mucous  membrane.  In  the  human  subject  a metastatic 
lobular  pneumonia,  almost  identical  with  that  met  with  in  the  horse,  is 
often  observed  : it  is,  however,  more  acute,  there  is  often  intense  con- 
gestion around  the  pneumonic  area,  and  the  centre  of  this  area  undergoes 
marked  softening.  In  or  around  this  pneumonic  area  the  arterioles  and 
capillaries  may  contain  fat  or  oily  emboli  (Bendall),  a condition  supposed 
to  bo  due  to  the  absorption  of  fat  from  the  rapidly  degenerating  or  fatty 
necrotic  tissue  of  the  nodules.  As  might  be  expected,  extravasations  of 
blood  from  the  obstructed  capillaries  often  take  place  into  the  surround- 
ing tissues.  In  acute  glanders  in  man  abscesses  in  the  bone-marrow 
have  been  described.  Bronchitis  is  comparatively  common  in  acute 
cases,  especially  when  the  lung  is  affected ; there  is  marked  catarrh  of 
the  epithelial  cells  covering  the  mucous  membrane,  whilst  the  epithelial 
cells  of  the  muciparous  glands  may  disappear  altogether.  The  pustules 
and  nodules,  both  in  the  nasal  mucous  membrane  and  in  the  skin,  appear 
to  have  a similar  structure  and  course  to  those  nodules  met  with  in  the 
internal  organs ; these  have  been  summed  up  thus : (i.)  an  accumulation 
of  cells,  which  (ii.)  rapidly  undergo  degenerative  changes  ; (iii.)  congestion 
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of  the  surrounding  vessels  ; (iv.)  ulceration  of  the  degenerated  tissue, 
which  is  usually  preceded  by  (v.)  jjroliferation  of  the  epithelial  covering 
of  the  pttpillte.  The  ulcers,  as  alread}'^  mentioned,  usually  occur  in  groups 
and,  gradually  coalescing,  form  a serpiginous  ulcer,  often  of  considerable 
size.  The  e.xtravasatious  of  blood,  so  frequently  met  with  in  this  condi- 
tion, come  from  the  distended  vessels. 

Symptoms. — The  period  of  incubation  after  inoculation  may  be  very  short, 
3 to  5 days,  in  which  case  the  patient  succumbs  rapidly  in  8 to  18  days; 
or  it  may  bo  prolonged  to  one  or  two  tveeks  or  even  more,  and  the  patient 
may  survive  21  to  42  days. 

The  more  acute  forms  of  glanders  or  farcy  in  man — the  acute  and 
subacute — are  very  difficult  to  diagnose,  especially  if  there  be  no  history 
to  guide  the  physician.  The  disease  is  characterised  by  malaise,  nausea, 
cerebral  headache,  vomiting,  pains  and  tenderness  in  the  epigastrium  and 
hvpochondrium,  shivering  and  chills,  which,  however,  may  not  and  perhaps 
usually  do  not  make  their  appearance  until  the  later  stages  of  the  disease, 
when  ulcers  and  abscesses  have  formed.  There  is  usually  some  fever,  but 
this  may  be  absent.  The  rise  of  temperature  is  permanent,  intermittent, 
or  remittent.  The  thermometer  may  register  102°  to  105°  F.,  remaining 
at  the  higher  limit  for  fourteen  days.  The  pulse  is  full  and  respirations 
are  rapid.  Again,  there  may  be  ill-defined  pain  in  the  muscles  and  joints 
of  the  back  and  limbs,  and  the  disease  may  simulate  acute  rheumatism,  all 
these  symptoms  appearing  within  twenty-four  hours.  The  patient  may  fall 
into  an  asthenic  condition,  and  then  into  a “ typhoid  ” state,  and  become 
deaf,  dull,  semi-comatose,  and  finally  into  a muttering  delirium,  coma,  or 
complete  unconsciousness.  In  such  cases  the  disease  may  be  mistaken 
for  malaria  or  for  pyaemia.  There  is  often  intense  nervousness  and 
irritability  in  these  cases.  Marked  gastro-intestinal  disturbance  is  often 
a prominent  feature.  Anorexia  and  nausea  are  commonly  accompanied 
by  constipation,  followed  perhaps  by  very  offensive  diarrhoea.  There  is 
usually  excessive  thirst,  and  the  secretions  are  scanty.  The  gums  become 
inflamed  and  small  pustules  or  haemorrhagic  ulcers  appear  on  them  and 
on  the  hard  palate.  The  fauces  are  dry  and  red  or  almost  black ; the 
tongue,  of  the  same  colour,  is  usually  thickly  coated,  whilst  on  its 
jKjsterior  .'ispect  small  ulcers  may  be  seen.  The  tonsils,  the  submaxillary, 
sublingual,  and  parotid  glands,  with  their  associated  lymphatic  glands,  are 
often  swollen  and  inflamed.  There  may  be  marked  congestion  of  the 
larj'nx,  sometimes  associated  with  the  characteristic  pustules  and  super- 
ficial ulcers  in  this  position,  and  with  marked  hoarseness  and  aphonia, 
often  due  to  infiltration  of  the  vocal  cords.  Abundant  Avateiy  or  viscid 
nasal  di.scharge  is  commoidy  present  in  the  early  stages  of  the  disease, 
later  it  may  become  purulent,  hajmorrhagic,  ami  offensive ; ulceration, 
though  present  in  acute  cases,  is  not  so  frecpient  in  man  as  in  the  horse. 
Ihe  nose  is  often  swollen  at  the  base  and  over  the  bridge,  and  is  hyper- 
semic  and  hypersen.sitive ; dried  crusts  of  mucus  mixed  with  pus  and 
blrxxl  may  accumulate  in  the  nose  ami  give  rise  to  marked  obstruction. 
Small  and  superficial  red  and  purulent  variolous-looking  pustides,  which 
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discharge  a fetid  serous  or  sero-sanguineous  fluid,  are  often  accompanied 
or  followed  by  ulcerations  of  the  mucous  membrane  of  the  nostrils,  and  of 
the  cartilage  of  the  septum,  which,  together  with  the  vomer,  may  be 
perforated. 

Farcy  may  be  distinguished  from  ordinary  pysemia  Ijy  the  presence 
of  these  various  skin  eruptions.  The  more  common  of  these  are  small 
circumscribed  erysipelatous  patches,  which  simulate  very  closely  erythema 
nodosum.  These  patches  often  become  the  seat  of  pustules  or  of  phlyc- 
tenae,  whilst  in  some  cases  gangrene  of  the  skin  supervenes.  Bullae  of 
various  sizes,  containing  a sero-purulent  fluid,  are  also  often  met  with  : 
when  they  burst  a raw  surface  is  left,  or  if  they  drjr  up  a hard  crust, 
often  mixed  with  blood,  remains  to  mark  the  seat  of  the  bulla.  A 
pustular  rash,  similar  to  that  found  on  the  mucous  membrane,  and  some- 
what like  that  of  small-pox,  but  wdthout  umbilicated  pustules,  is  also 
often  met  with.  The  pustules,  which  commence  as  small  red  spots,  are 
somewhat  irregular  in  shape  and  size ; they  are  placed  on  an  inflamed 
base,  and  they  may  be  surrounded  by  a white  wheal-like  ring.  These  do 
not  dry,  but  form  small  ulcers  which  run  together  to  form  larger  sores. 
In  some  cases  marked  cedematous  swelling,  similar  to  that  observed  around 
the  abscess  in  other  parts  of  the  body,  surrounds  the  furuncles,  especially 
those  situated  on  the  face.  This  pustular  rash  is  of  very  grave  signifi- 
cance, as  when  it  once  makes  its  appearance  recovery , seldom  if  ever 
takes  place. 

Circumscribed  swellings  and  multiple  metastatic  symmetrical  (embolic) 
abscesses  affect  the  subcutaneous  tissue,  the  muscles,  sheaths  of  tendons, 
fasciae,  bones — especially  of  the  skull — ^causing  necroses  or  softening  of 
their  substance,  and  joints,  Avhich  may  be  distended  AAuth  fliiid.  These 
abscesses  are  the  one  constant  feature  of  the  disease.  They  form  rapidly 
— within  forty-eight  hours — the  tissues  around  them  are  soft,  sodden,  and 
phlegmonous,  and  break  down  readily.  At  first  they  are  hard,  they  then 
soften,  and  the  patient  has  all  the  symptoms  of  pyaemia.  They  often 
point  beneath  bullous  pustular  patches  or  are  covered  by  intoisely  in- 
flamed skin.  On  pointing  and  bursting,  or  being  incised,  the  inner  surface 
of  the  wall  is  found  to  be  very  ragged,  and  huge  foul  ulcers  or  sinuses 
are  formed,  which  have  a rough  granular  edge  and  base,  or  walls,  but  no 
pyogenetic  membrane,  so  that  the  pus  often  infiltrates  the  intermuscular 
tissue  and  sometimes  makes  its  Avay  into  the  joints.  The  matter  discharged 
has  a dirty  grumous,  darkish-brown,  purulent  appearance  ■,  or  it  may  con- 
tain blood,  sloughs,  cl6bris,  and  pus-cells,  and,  according  to  Dr.  Bendall,  a 
considerable  quantity  of  free  oil.  There  is  usually  sAvelling  and  redness 
of  the  lymphatics — lymphangitis — especially  near  a Avound  or  bruise 
Avhich  has  become  infected,  but  general  lymphatic  infection  is  not  so 
common  as  in  the  horse.  The  sAvellings  found  on  the  forehead,  arm,  and 
leo’  vary  in  size,  being  from  one  to  three  inches  ifi  diameter.  Ihe 
smaller  swellings  are  often  nodular ; the  larger  ones  fluctuate  at  an 
early  stage.  It  must  be  remembered  that  glanders  is  often  com- 
plicated by  various  coccal  infections  and  other  pyajmic  processes.  A 
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toxic  albumimu-iii  is  found,  and  the  urine  is  loaded  with  albumin ; 
sometimes  the  urine  gives  the  diazo  reaction.  Intense  prostration  super- 
venes, there  is  great  emaciation,  the  heart  is  weak  and  often  dilated,  and 
there  are  signs  of  circulatory  failure.  The  temperature  falls,  congestion 
of  the  lungs  and  sometimes  pleuro- pneumonia  sets  in,  the  respiration 
becomes  weak  and  laboured,  and  the  patient  succumbs  in  a state  of 
extreme  exhaustion.  Acute  farcy  is  an  exceedingly  fatal  disease,  only 
some  -t  to  8 per  cent  of  the  patients  recovering — death,  as  vm  have  seen, 
taking  place  in  from  one  to  three  weeks. 

The  diagnosis  of  chronic  glanders  and  of  farcy  in  the  human  subject, 
a{xirt  from  the  history  of  the  case,  is  equally  a matter  of  extreme 
difficulty,  especially  in  the  early  stages  of  the  disease,  when  there  is  no 
evident  point  of  entrance,  or  when  the  wound  has  healed  or  the  infec- 
tion has  taken  place  through  an  old  Avound.  There  is  no  initial  stage,  the 
incubation-period  being  said  to  terminate  with  the  manifestation  of  acute 
symptoms.  Its  presence  is  not  ushered  in  by  rigors,  though  fever  is  a 
much  more  prominent  feature  in  man  thati  in  the  horse,  and  the  course  it 
nins  is  very  A^ariable,  sometimes  extending  over  a period  of  years.  It 
may  be  stated  generally,  however,  that  all  cases  that  extend  beyond  forty- 
two  days,  and  have  an  incubation-period  of  more  than  ten  days,  are  to  be 
looked  upon  as  being  chronic.  The  first  thing  noticed  may  be  a roseolous 
rash,  Avhich,  disappearing,  may  be  folloAved  by  a crop  of  papules  or 
pustules,  or,  again,  there  may  be  a kind  of  erysipelatous  redness,  often 
very  ill-defined,  but  fairly  constant,  extending  over  the  Avhole  face, 
followed  by  subcutaneous,  periosteal,  and  intramuscular  abscesses  which 
never  remain  stationary ; these  may  spread,  sometimes  rapidly,  but  later 
they  have  a marked  tendency  to  heal.  ’ Such  abscesses,  Avhich  are  often 
found  in  the  sldn  and  subcutaneous  tissue  of  the  forehead  and  eyelids,  and 
in  and  around  joints,  seldom  on  other  serous  surfaces  (Tedeschi  records  a 
ca.se  of  chronic  osteo-myelitis  due  to  Bacillus  mallei,  Avhich  was  followed 
by  fatal  glanderous  meningitis,  apparently  the  result  of  bacterial  emboli, 
simple  or  mixed),  contain  yellosv  viscid  or*  oily  pus,  especially  when  they 
are  deeply  situated,  and  discharge  on  the  surface  by  sinuses.  The 
granulation-tis.sue  is  very  flabby  and  unhealthy,  and  the  fluid  discharged 
is  sero  - sanguineous,  containing  a number  of  leucocytes.  When  the 
abscesses  are  opened  aseptically  a few  bacilli  may  be  demonstrated.  It  is 
interesting  to  note  that  these  phenomena  usually  manifest  themselves  on 
the  fingers,  limb-s,  and  face,  seldom  on  the  nasal,  buccal,  or  conjunctival 
mucous  membranes  or  in  the  lungs,  as  primary  lesions  in  the  chronic  form 
of  the  di.sease.  Indeed,  abundant  nasal  discharge,  ulcer  formation,  which 
occurs  in  about  '>()  per  cent  of  the  cases  Avith  septal  and  palatal  perfora- 
tion, anrl  affection  of  the  lungs  must  be  looked  upon  as  evidence  of  an 
acute  proce.ss  or  as  secontlary  phenomena  Avhich  usually  only  make  their 
apiieanince  shortly  before  the  death  of  the  patient.  Similarly  the 
lymphatic  glands  and  the  testes  are  not  usually  affected  in  man,  but  a 
leucfK.'vtosis  often  makes  its  appearance  in  these  chronic  cases.  One  of 
the  mrjst  striking  features  in  such  cases  is  the  alternation  of  the 
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destructive  and  the  healing  processes.  Abscesses  may  appear  to  lieal, 
only  to  break  out  again  after  an  interval  of  months,  inva.sion  and  arrest 
of  the  disease  processes  following  one  another  at  irregular  intervals.  One 
case  is  recorded  in  which  the  disease  was  chronic  for  three  years,  it  then 
became  latent  for  three  years,  and  finally  became  acute  and  killed  the 
])atient.  When  the  healing  process  is  long  retarded,  thedischarges,  especially 
when  nasal  or  buccal,  may  become  extremely  offensive.  In  certain  cases 
there  may  be  marked  congestion  or  even  ulceration  of  the  larynx  or 
trachea,  accompanied  by  oedema  of  the  glottis,  giving  rise  to  a peculiar 
hoarseness  or  huskiness  and  coughing.  Pulmonary  complications  are 
comparatively  rare  in  chronic  farcy. 

Babes  describes  a condition  in  man,  which  corresponds  to  the  masked 
or  latent  glanders  in  the  horse,  in  which  encapsuled  nodules  are  found, 
especially  in  the  lungs  j such  cases  can  only  be  diagnosed  during  life 
by  the  use  of  mallein.  In  one  case,  a groom  who  died  from  chronic 
nephritis,  nodules  Avere  present  in  various  jrarts  of  the  body ; from  these 
nodules  cultures  of  the  Bacillus  mallei  were  obtained.  Another  series 
of  cases  is  mentioned,  usually  in  coachmen,  grooms,  or  men  working 
amongst  horses,  in  whom  death  Avas  apparently  due  to  intercurrent 
diseases ; in  them,  after  death,  have  been  found  nodules  identical  Avith 
those  found  in  latent  glanders  of  the  equine  species : these  cases  are 
supposed  to  be  cured  or  in  a fair  Avay  to  recover.  The  lesion  invariably 
consists  of  a nodule  or  mass  of  hard  sclerotic  tissue  AAuth  a calcified  centre  ; 
these  nodules  are  found  studding  the  lungs,  and  are  usually  accompanied 
by  pleural  adhesions  of  old  standing.  They  may  also  be  found  in  the 
mediastinal  and  bronchial  glands,  and  in  the  spleen  and  liver.  The 
lesions  in  one  of  these  cases  of  mixed  glanders  took  the  form  of  chronic 
ulceration  of  the  leg,  Avhich  first  healed,  then  broke  out  again,  and  after  a 
time  Avas  folloAved  by  high  fever,  local  gangrene,  and  the  formation  of  an 
abscess  in  the  cellular  tissues  of  the  leg.  In  this  case  the  organisms 
present  Avere  found  to  be  Staphylococcus  aureus  and  the  Bacillus 

mallei ; from  Avhich  Babes  concludes  that  the  attenuated  glanders  bacilli 
may  give  rise  to  the  formation  of  chronic  nodules,  Avhich  do  not  become 
acute  until  certain  pyogenetic  organisms  gain  access  to  them.  These 
mixed  infections,  hoAvever,  are  of  comparatively  rare  occurrence,  and 
few  observers  haA'^e  been  able  to  corroborate  Babes  on  this  point. 

A rise  of  temperature,  various  forms  of  skin  eruptions,  especially 
Avhen  they  undergo  rapid  change  of  type,  ncAv  crops  of  lesions  ai)pearing 
at  intervals  AAdth  partial  or  complete  healing,  are  very  characteristic 
symptoms  of  this  prolonged  condition.  In  chronic  farcy  the  fatality  is 
comparatively  Ioav.  According  to  some  observers  over  60  per  cent  of  the 
cases  recoA^er,  the  disease  usually  running  its  course  in  about  four  months, 
though  there  are  many  exceptions  to  this  rule. 

Syphilis  and  tuberculosis  are  the  two  diseases  Avith  Avhich  chronic 
glanders  may  be  most  easily  confounded,  but  even  Avhen  they  have  been 
eliminated  the  diagnosis  is  often  a matter  of  great  difficulty,  and  in  many 
cases  can  only  be  made  by  a careful  use  of  cultivation  methods  and  of 
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Stnius’s  methotl  of  inoculation  of  male  guinea-pigs  (see  p.  208).  Sir  J. 
M'Fadyean  points  out  that  in  the  case  of  glanders,  of  the  horse  at  any  rate, 
the  agglutination  test  may  be  utilised,  agglutination  of  a culture  of 
the  Bacillus  mallei  being  brought  about  by  xuW  dilution  of  the  serum  of 
an  untreated  glandered  horse,  but  only  Aviih  a dilution  of  of  the 
serum  of  a normal  horse.  The  pathogenicity  of  the  bacilli  should  be 
tested  on  several  animals — luid  should  never  be  settled  by  one  or  two 
tests — as  bacilli  of  extreme  virulence  may  sometimes  be  isolated  from 
material  taken  from  cases  in  which  local  healing  is  apparently  going  on. 
This  chronic  form  very  often  ends  in  the  acute  form,  coma,  and  general 
collapse ; indeed  at  one  time  this  was  said  to  be  the  invariable  termina- 
tion, but  since  the  introduction  of  mallein  as  a diagnostic  agent  it  has 
been  foimd  that  cases  of  chronic  or  “ latent  ” glanders  may  recover ; this 
probably  occurs  much  more  frequently  than  was  at  one  time  supposed, 
as  large  a proportion  as  50  per  cent  being  said  to  recover.  It  is  well  to 
bear  in  mind  that  the  slow  development  of  the  disease  rather  than  the 
number  and  extent  of  the  lesions  is  what  we  must  look  to  as  affording 
indication  of  a favourable  pi'ognosis.  Slow  healing  of  most  of  the  sores, 
with  now  and  again  a more  rapid  closing  of  a single  sore,  may  also  be 
looked  upon  as  being  a sign  that  the  disease  may  take  a favourable  turn 
and  end  in  recovery. 

As  already  noted,  the  diseases  that  are  most  frequently  mistaken  for 
chronic  glanders  are  tuberculosis  and  syphilis.  To  distinguish  tuber- 
culosis the  tubercle  bacillus  may,  of  course,  be  taken  as  pathognomonic, 
whilst  the  effects  of  mercury  and  iodide  of  potassium  in  syphilis  and  their 
lack  of  action  in  glanders  are  held  to  justify  a diagnosis.  Chronic  pymmia 
is  not,  as  a rule,  difficult  to  diagnose,  if  any  history  of  the  case  can  be 
obtained.  (Fide  vol.  i.  p.  888.) 

On  comparing  the  acute  and  chronic  conditions  it  will  be  recognised 
that  the  acule  disease  is  characterised  by  many  of  the  features  of  the 
chronic  form,  the  main  difference  being  that  in  the  one  the  processes  are 
distributed  over  a much  longer  period  than  they  are  in  the  other.  The 
acute  form  is  almost  invariably  fatal  when  the  lungs,  the  gastro-intestinal 
tract,  or  the  kidneys  are  affected. 

Formerly  the  diagnosis  between  glanders  and  the  various  coccal 
pyogenetic  infections,  bacterial  suppuration  and  the  like,  was  a matter 
of  some  difficulty.  The  other  diseases  for  which  it  is  most  frequently 
mistaken  are  rheumatic  fever,  influenza,  and  typhoid  fever,  especially 
as  in  the  latter  disease  periostitis  may  occur.  This  condition,  how- 
ever, does  not  come  on  until  a comparatively  late  stage  in  any  case 
of  typhoid  fever.  The  cultural  and  injection  methods  now  ado])tcd  are 
usually  sufficient  to  enable  a diagnosis  to  be  made  in  most  of  these 
floubtfiil  case.s,  though  it  must  be  remembered  that  in  the  later  stages 
of  glanders  streptococci  may  be  found  living  in  association  with  the 
glanders  bacillu.s. 

Treatment. — x\cute  farcy  in  man,  unless  it  is  strictly  localised,  is  of 
comparatively  slow  onset,  and  invades  none  of  the  internal  orgams,  is  so 
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uniformly  fatal  that  treatment  is  of  little  avail  except  for  the  protection 
of  others ; in  chronic  farcy,  however,  from  which  some  50  per  cent  of  the 
cases  recover,  although  very  slowly  and  after  a very  tedious  and  dis- 
appointing course,  numerous  methods  of  treatment  have  from  time  to 
time  been  adopted  : iodide  of  potassium,  aconite,  mercury,  iron,  arsenic, 
and  strychnine  have  all  been  used  in  turn,  but  with  little  or  no  good 
efl’ect.  The  mercurial  treatment  is  said  to  bring  down  the  fever,  but  it 
exerts  little  influence  in  stopping  the  spread  of  the  disease.  As  regards 
prevention  in  both  acute  and  chronic  cases,  the  patient  and  his  friends,  or, 
in  the  case  of  the  horse,  those  dealing  with  the  affected  animal,  should  be 
warned  of  the  danger  of  infection  by  the  discharges  from  the  wounds, 
nostrils,  etc.  These  wounds  shoidd  be  washed  with  xrnnr  corrosive 
sublimate,  and  covered  with  a dressing  soaked  in  a similar  solution. 
Any  wounds  smeared  with  discharge  from  a glandered  subject  should  be 
washed  at  once  with  corrosive  sublimate  and  then  cauterised  Avith  a 
thermocautery.  Dr.  Bendall  considers  that  the  best  treatment,  especially 
in  the  earlier  stages,  is  local  destruction  of  the  primary  sore,  the  applica- 
tion of  chlorinated  or  similar  lotion  to  the  mucous  membrane  of  the  nose, 
and  tonics.  He  adds,  however,  “ in  a future  case  I should  open  every  ab- 
scess as  it  appeared,  and  administer  benzoate  of  soda  at  frequent  intervals.” 
Curetting  of  the  abscess  and  of  all  nodules  as  they  are  formed,  and 
stuffing  with  iodoform  after  washing  out  with  5 per  cent  carbolic  acid, 
is  also  strongly  recommended.  Nicolaier  suggests  the  poulticing  of  hard 
phlegmonous  parts  with  acetate  of  aluminium,  and  Garre  cauterises  the 
ulcers  of  the  nasal  mucous  membrane  with  zinc  chloride ; while  without, 
or  in  conjunction  with,  this  treatment  a spray  or  douche  of  permanganate 
of  potash  or  insufflation  of  iodoform  and  tannic  acid  should  be  tried. 
Bonome  recommends  the  use  of  carbolic  acid  in  the  same  way,  and  there 
can  be  little  doubt  that  some  such  treatment  would  probably  be  useful. 
Bonome,  also  following  Babes,  has  used  mallein  in  the  treatment  of 
chronic  glanders'  in  man.  He  found  that  injected  in  doses  of  two  or  three 
drops  it  was  followed  by  a rise  of  temperature,  then  by  swelling  of  the 
mucous  membrane  of  the  eyes  and  nose,  increased  frequency  of  the  pulse, 
and  an  increase  in  the  excretion  of  the  urine  ; the  respiration  remained 
normal.  After  several  injections  these  symptoms  became  less  marked ; 
the  local  cedematous  painful  swelling,  at  first  a marked  feature,  soon  dis- 
appeared ; the  temperature  gradually  became  subnormal,  and  there  w;is 
great  ])olyuria ; but  no  albumin  or  sugar  ajjpeared  in  the  urine.  The 
continued  injection  of  mallein,  at  intervals  of  two  or 

three  days,  was  followed  in  a couple  of  months  by  marked  improvement, 
less  swelling,  healing  of  the  ulcers,  diminution  in  the  amount  of  nasal 
discharge,  and  general  improvement  of  the  patient’s  condition.  Glandered 
horses  treated  in  the  same  way  gradually  lose  the  nasal  discharge,  and  the 
swelling  of  the  glands  disappears,  and  so  also  do  the  ulcers  of  the  nasal 
mucous  membrane.  Sir  J.  J\I‘Fadyean,  who  has  kept  horses  undergoing 
such  treatment  under  observation  over  considerable  periods,  has  observed 
that  both  the  local  and  temperature  reactions  gradually  become  less 
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marked  and  ultimately  disappear;  how  far  these  improvements  are 
permanent  still  remains  to  be  seen.  This  has  not  been  confirmed  b}' 
Zieler.  Nocai-d  states  that  he  has  demonstrated  that  in  horses  and 
dogs  a primary  infection  successfully  surmounted  does  not  increase 
the  powers  of  resistance  to  the  glanders  virus,  i.e.  one  attack  confers  no 
immunity  against  a second.  It  is  now  accepted  by  most  veterinary 
surgeons  that  in  cases  of  chronic  glanders  an  animal  that  is  placed  in 
gocKl  hygienic  conditions,  is  well  fed,  and  not  overworked,  is  much  more 
likely  to  recover  than  an  animal  not  so  conditioned,  and  it  can  hardly  be 
insisted  on  too  strongly  that  the  human  subject,  to  have  the  best  chance 
of  recovery,  must  be  placed  in  similar  favourable  conditions,  especially  as 
regards  nourishing  food,  rest,  and  fresh  air.  In  all  cases  in  which  there 
appears  to  be  improvement  for  a time,  it  must  be  remembered  that  there 
is  a temporary  “ weakening  ” of  the  disease,  and  that  ulcers  and  abscesses 
may  come  to  a standstill,  and  even  apparently  heal  (as  in  certain  experi- 
ments that  have  been  carried  out  with  immune  serum),  and  then  break 
out  again,  shewing  that  the  patient  has  not  been  cured.  Indeed,  as  quoted 
above,  a horse  that  has  recovered  from  one  attack  is  found  to  possess  no 
greater  immunity  against  a second  attack  than  an  “unprotected”  animal. 
Serum  from  an  immune  animal,  horse  or  cow,  is  said,  however,  to  exert  a 
certain  immimising  or  protective  influence  on  cats  and  guinea-pigs,  causing 
prolongation  of  the  disease  and  putting  off  the  death  of  the  animal  from  five 
to  twenty-one  or  even  forty-two  days.  Moreover,  donkeys  treated  with 
maUein  and  then  "vvith  dead  glanders  bacilli  are  said  to  yield  a curative 
and  protective  serum.  It  appears  that  up  to  the  present,  nothing  more 
than  a very  transitory  immunity  has  ever  been  obtained  by  the  use 
of  anti-mallein  serum  in  horses.  Although  an  effective  immune  serum 
will  continue  to  be  eagerly  sought  and  studied,  early  surgical  interference 
with  the  knife,  sharp  spoon,  and  eautery,'  nourishing  food  and  antiseptic 
and  palliative  drug  treatment  constitute  up  to  the  present  the  main  agents 
in  the  treatment  of  glanders  and  farcy. 

G.  Sims  Woodhead. 
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ANTHEAX 

By  JoHX  Hemey  Bell,  M.D.,  and  Thomas  M.  Legge,  M.D. 

Synonyms. — Splenic  fever ; Wool-sorters’  disease  ; Malignant  pustule  ; 

Anthracamia  ; Charbon ; Anthrax  malin  ; Milzhrand  ; Mycosis  intestinalis. 

Short  Description. — A specific,  highly  contagious,  and  infectious  disease, 
common  to  man  and  most  vertebrate  animals,  due  to  the  presence 
of  the  Bacillus  anthracis  in  the  tissues  of  its  host.  At  the  points  of 
introduction  it  midtiplies  rapidly,  and  is  conveyed  by  the  blood-  and 
lymph-streams  to  other  parts  of  the  body  ; by  its  enormous  numbers  it 
blocks  the  capillaries,  causing  innumerable  ha3morrhages  in  the  organs 
and  tissues,  and  effusions  into  the  serous  cavities  and  cellular  tissue ; and 
by  its  special  toxic  products  it  produces  great  depression  of  all  vital 
functions,  which  often  ends  in  death  Avithin  a feiv  days. 

History. — Anthrax  has  been  known  from  early  historic  times.  The 
descriptions  given  in  Biblical  and  ancient  classical  records  of  devastating 
plagues  among  domestic  animals  correspond  very  closely  Avith  those  of 
some  destructiA-e  epizootics  Avhich  spread  OAmr  the  continent  of  Europe 
during  the  Middle  Ages,  and  also  Avith  others  of  more  recent  times, 
Avhich,  although  they  did  not  cover  siich  extensive  areas  of  countr}'^, 
destroyed  A'ast  numbers  of  animals,  and  are  knoAvn  to  have  been  anthrax. 

It  Avas  not  until  near  the  end  of  the  sixteenth  century  that  this 
disease  Avas  suspected  to  be  communicable  to  man  by  contagion  from 
animals.  The  seventeenth  and  eighteenth  centuries  Avere  remarkable 
for  the  Avidespread  devastation  caused  by  it  throughout  Europe ; and, 
although  it  was  Avell  knoAvn  to  veterinarians  at  that  time,  it  Avas  not 
until  towards  the  close  of  the  eighteenth  century  that  the  disease  in 
man,  which  had  previously  been  considered  as  carbuncular,  AA’as  knoAA-n 
to  be  the  .same  as  charbon,  Avhich  Avas  so  prevalent  among  cattle,  and 
to  be  communicable  from  them  to  man.  In  his  book  on  Anthrax  in 
Animals,  published  in  1780,  Chabert  first  distinguished  the  different  forms 
of  anthrax  from  other  septic  and  gangrenous  diseases  of  the  skin  Avhich 
had  been  included  under  the  same  name.  He,  hoAvever,  failed  to 
recogni.se  symptomatic  anthrax  (black  quarter,  Kauschbnind)  as  a distinct 
disease.  Erom  his  time  little  advance  Avas  made  in  our  knowledge  of  this 
disea.se — save  that  its  contagiousness  in  animals  Avas  proved  experimentally 
by  Barth61emy  in  182.3 — until  the  appearance  of  the  classical  Avork, 
mainly  on  the  epidemiology  of  the  disease  in  animals  and  man  in  all 
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parts  of  the  world,  by  Heusinger  (22)  in  1850.  In  1886  Wilhelm  Koch 
gave  a detailed  summary  of  the  knowledge  gained  up  till  then  on  anthrax, 
in  a book  which  is  especially  valuable  for  the  full  references  it  contains  to 
the  previous  literature  of  the  subject. 

Bacteriology. — The  important  discovery  of  the  Bacillus  anthracis,  which 
is  the  immediate  cause  of  the  disease,  was  made  in  the  year  1850  by 
Rayer  and  Davaine  conjointly.  They  described  “ little  filiform  bodies, 
in  length  double  the  diameter  of  a blood -corpuscle,  and  having  no 
spontaneous  movements,”  in  the  blood  of  animals  that  had  died  of 
splenic  fever;  but  they  failed  to  recognise  their  importance.  In 
the  year  1855  Pollender  published  a statement  that  he  had  in 
1849  noticed  a countless  number  of  fine  non -motile  straight  rods 
without  branches  in  the  blood  of  cattle  that  had  died  of  anthrax.  He 
asserted  the  vegetable  nature  of  these  bodies,  but  gave  no  explanation 
of  their  origin.  Brauell  in  1857  noticed  similar  bodies  in  blood 
which  had  been  taken  a few  hours  before  death  from  a man  suffering 
from  anthrax.  With  this  blood  he  inoculated  horses  and  sheep,  and 
thus  produced  in  them  anthrax,  from,  which  they  died ; he  did  not, 
however,  ascribe  any  importance  to  these  bodies  as  a cause  of  anthrax. 
Delafond,  in  1860,  noticed  that  this  organism,  when  it  developed  out- 
side the  animal  body,  assumed  the  form  of  long,  undulating  filaments, 
as  distinguished  from  the  short,  straight  rods  seen  when  it  grew  within 
the  living  body ; he  further  asserted  his  belief  that  they  originated  from 
spores.  During  the  following  few  years  Pasteur’s  brilliant  researches 
into  the  importance  of  the  inffuence  of  microbes  in  fermentation,  putre- 
faction, and  various  forms  of  disease,  stimulated  others  to  work  in  the 
same  direction.  In  18G3,  Davaine  (11)  resumed  the  investigations  which 
he  had  discontinued  thirteen  years  before.  These  researches  were 
carried  on  for  many  years,  till  in  1873  he  asserted  positively  that  these 
rods,  which  he  called  baddridie  du  charbon,  were  the  essential  cause  of  this 
malignant  disease ; that  they  were  constant  in  the  blood  of  animals  that 
died  from  anthrax,  and  that  such  blood  when  filtered  and  inoculated  in 
animals  had  no  effect.  This  was  confirmed  by  R.  Koch  (23),  who  in  1876 
worked  out  the  life-history  of  this  bacillus.  By  developing  the  method 
of  cultivation  on  solid  media  outside  the  body,  he  succeeded  in  cultivat- 
ing the  bacilli,  and  in  proving  the  formation  of  spores ; he  also  demon- 
strated that  bacilli  might  be  developed  from  spores.  Finally,  from  the 
organism  thus  cultivated  he  produced  the  disease  by  inoculation  in 
animals.  These  results  were  afterwards  confirmed  by  Pasteur,  who,  in 
1877,  demonstrated  beyond  all  doubt  that  these  small  rod-like  bodies, 
first  recorded  by  Rayer  and  Davaine  in  1850,  were  the  sole  cause  of  this 
disease. 

1.  Physical  Characters. — As  seen  unstained  in  the  blood  of  animals 
shortly  after  death  by  anthrax,  the  bacilli  are  pellucid,  round,  elongated, 
rod-like  cells,  4-5-10  y.  in  length,  but  commonly  about  the  length  of  the 
diameter  of  a red  blood -corpuscle,  and  from  1-0-P5  y.  in  breadth. 
In  fresh  material  the  bacilli  are  usually  isolated ; sometimes  they  lie  in 
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groups  of  two  or  three.  They  are  motionless,  and  contain  a homogeneous 
protoplasmic  material  enclosed  in  a fine  capsule  of  denser  and  more 
highly  refractive  substance.  Special  staining  shews  that  the  cylindrical 
bacillus  enclosed  in  its  capsule  is  transversely  divided  into  two  or  three 
segments.  In  a suitable  nutrient  medium,  at  a temperature  of  about 
37’  C.,  they  increase  in  length,  the  contents  become  slightly  opaque  and 
granular,  and  at  regular  intervals  slight  swellings  of  the  rods  are  noticed ; 
at  these  points  the  protoplasm  appears  to  collect,  becomes  more  refractive, 
and  presents  a well-defined  outline  which  is  its  capsule  j the  rod  between 
these  bodies,  which  are  now  slightly  ovate,  bright  and  highly  refractive, 
becomes  contracted  and  separates.  The  spores  thus  freed  elongate  at 
each  end,  and  in  two  hours  grow  into  bacilli  which  pass  through  similar 
processes  of  development  and  decay.  The  anthrax  bacilli  stain  readily 
with  watery  solutions  of  fuchsin,  methylene  blue,  and  gentian  violet,  and 
by  Gram’s  method.  Several  methods  are  described  for  staining  the 
spores.  Results  are  most  likely  to  be  successful  with  fresh  material. 

2.  Groicth  and  Development. — The  organisms  are  aerobic ; they  cannot 
live  without  oxygen.  They  do  not  grow  below  12°  C.  or  above  45°  C., 
but  they  multiply  most  rapidly  between  30°  and  40°  C.  in  a neutral  or 
slightly  alkaline  medium.  In  the  living  blood  they  are  parasitic,  and  can 
abstract  from  the  blood  sufficient  oxygen  to  maintain  their  propagation, 
but  not  to  enable  them  to  grow  into  long  filaments  or  form  spores.  In 
the  dead  body  they  grow  to  a great  length  without  shewing  lines  of 
transverse  segmentation,  and  with  the  formation  of  a few  spores  only. 
Outside  the  body,  when  they  can  obtain  a free  supply  of  oxygen,  they 
pass  through  their  complete  cycle  of  life  and  form  spores,  thus  indicating 
their  .saprophytic  origin.  In  unopened  putrefying  carcases  they  degenerate 
and  die  in  about  a week;  in  the  earth  they  retain  their  form,  but 
generally  lose  their  virulence  in  six  months. 

Luxuriant  growth  takes  place  not  only  on  the  usual  culture  media, 
but  on  numerous  foods,  provided  they  are  neutral  or  slightly  alkaline. 
E.  Koch  shewed  that  infusions  of  hay  or  of  seeds  rich  in  starch,  such  as 
barley,  wheat,  pulse,  and  grass,  when  neutralised  or  made  slightly  alkaline, 
formed  suitable  soils.  Culture  in  broth  for  Gventy-four  hours  produces 
a flocculent  aggregation  of  bacilli  at  the  bottom  of  the  glass,  and  micro- 
scopically the  bacilli  shew  long,  undulating,  thread-like  formations.  Plate- 
cultures  on  gelatin  and  agar  at  18°-20°  C.  in  two  to  three  days  shew 
characteristic  colonies — a tangled  mass  of  threads  with  Avavy  processes 
extending  into  the  medium  from  the  central  mass.  The  gelatin  is 
gradually  liquefied,  and  the  colonies  sink  below  the  level  of  the  unliquefied 
portions.  In  stab  culture  in  gelatin  or  agar  delicate  Avhite  rays  grow 
outwards  and  penetrate  the  medium  laterally,  looking  like  thistle-down, 
growth  being  most  luxuriant  in  the  upper  portions,  while  in  the  case  of 
gelatin  liquefaction  proceeds  sloAvly  from  above  downwards.  On  potato 
growth  is  luxuriant  Avith  early  formation  of  spores.  On  sloping  blood- 
serum  anthrax  bacilli  develop  as  a Avhitish-grcy  scum  Avilh  sIoav  lique- 
faction of  the  medium. 
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Asporogenous  varieties  of  anthrax  bacilli  can  be  developed  by  culture  I 
in  the  presence  of  some  agent  (usually  chemical)  inimical  to  normal  I 

growth.  Virulence  may  not  be  apparently  affected,  but  even  passage  i 

through  animals  will  not  bring  back  the  power  of  sporulation.  The  | 
resistance  of  different  strains  of  bacilli  may  vary  greatly.  While  bacilli  are  M 
killed  comparatively  easily,  the  spores  are  very  tenacious  of  life,  especially  1 
when  surrounded  by  grease,  dirt,  or  dried  blood  as  in  horse-hair.  As  a I 
rule,  the  bacilli  are  killed  by  exposure  to  55“  C.  for  forty  minutes ; I 
spores  by  steam  at  95°  C.  in  ten  minutes,  by  current  steam  at  100“  C.  in  i 
five  minutes,  and  by  hot  air  at  140°  C.  after  three  hours.  Light,  I 
especially  direct  sunlight,  aflects  the  vitality  of  the  bacilli,  and  robs  the  I 
spores  of  their  power  of  development  into  bacilli  more  readily  than  it  t 
deprives  the  bacilli  of  their  power  of  multiplication.  Corrosive  sublimate,  1 
1 in  10,000,  prevents  the  growth  of  anthrax  bacilli,  and  1 in  1000  kills  i 

spores  in  one  hour.  A 1 per  cent  solution  of  formalin  is  said  to  I 

destroy  spores  in  two  hours,  a 2-5  per  cent  solution  in  one  hour,  and  f 
a 10-20  per  cent  solution  in  ten  minutes;  1 in  20,000  solution  inhibits  I 
the  growth  of  bacilli.  I 

The  Bacillus  pyocyanexhs  exercises  a remarkable  retarding  influence  on 
the  growth  of  anthrax  bacilli  when  the  two  are  grown  together  in  } 
bouillon  or  on  agar.  From  this  bacillus  a substance,  pyocyanase,  has  been  < 
obtained  which  dissolves  anthrax  bacilli  in  vitro,  and  sho.ws  bactericidal  ^ 
properties  in  the  animal  body.  It  has  been  used  with  success  in  the  case 
of  rabbits  infected  with  anthrax.  . 

3.  Atienuatmi. — Toussaint  first  (1880)  successfully  produced  artificial  ; 
immunity  in  sheep  against  anthi'ax  by  inoculation  (after  heating  at  a 
temperature  of  55“  C.  for  ten  minutes)  of  3-6  c.c.  of  the  blood  of  animals 
which  had  died  of  anthrax.  Since  1881  Pasteur  and  Chamberland’s 
modification  of  this  method — inoculation  with  two  vaccins,  i.c.  cultures 
attenuated  in  dift'erent  degrees,  at  an  interval  of  twelve  days  has  been 
carried  out  on  an  enormous  scale  as  a prophylactic  against  the  disease  in 
sheep  and  cattle.  The  attenuation  reached  by  keeping  cultures  at  42“  to 
43°  0.  is  such,  that  after  twenty-four  days  (the  first  vaccin)  mice  succumb 
to  inoculation,  but  guinea-pigs  as  a rule  do  not,  whereas  after  only  twelve 
days  (the  second  vaccin)  guinea-pigs  succumb,  while  rabbits  similarly 
inoculated  generally  survive.  Sobernheim  (45)  gives  the  following 
figures  as  showing  the  extent  of  the  treatment  by  Pasteur’s  method  ; — Up 
to  January  1,  1900,  the  number  of  animals  that  had  been  inoculated 
exceeded  11  millions.  In  France  alone  250,000  to  350,000  sheep 
and  30,000  to  50,000  cattle  and  horses  are  thus  treated  yearly.  In 
Hungary,  in  the  twelve  years  1889  to  1900,  718,266  cattle  were  inocu- 
lated°of  which  174  (0‘02  per  cent)  died  between  the  two  inoculations, 
and  other  144  within  a year.  Among  1,247,231  sheep  the  deaths 
between  the  inoculations  were  0’26  per  cent,  and  within  a year  0’33  per 
cent.  Reference  to  the  production  of  active  and  passive  immunity^ and 
serotherapy  will  be  found  on  p.  252  under  the  heading  “Treatment. 


I 


AArniKAX 


231 


Anthrax  in  Animals 

Anthrax  is  the  most  widely  spread  and  the  most  destructive  of  all 
contagious  diseases  which  aftect  animals.  It  is  found  in  all  countries,  but 
is  much  more  prevalent  and  persistent  in  some  than  in  others,  and  in  some 
districts  of  these  countries  more  than  in  others.  It  is  extremely  prevalent 
in  parts  of  France,  Germany,  Italy,  Turkey,  Russia,  throughout  Asia,  North 
Africa,  and  South  America ; and  is  least  prevalent  in  Australasia,  South 
Africa,  and  North  America.  During  epizootics  it  may  be  fatal  to  from 
.30  to  70  per  cent  of  the  cattle,  horses,  or  sheejo  of  a district,  besides 
sometimes  canying  oft’  a large  number  of  the  population. 

The  following  official  figures  shew  the  reported  number  of  animals 
attacked  in  1904: — Great  Britain  1553,  Germany  5959,  Italy  3946, 
European  and  Asiatic  Russia  28,913.^  In  that  year  in  Germany  0'24 
per  1000  of  the  total  cattle  were  afi’ected.  Anthrax  districts,  “champs 
maudits,”  are  areas  in  a country  where  the  disease  is  constantly  recurring. 
River  valleys,  owing  to  liability  to  flooding,  soils  rich  in  organic  and 
mineral  matter,  such  as  prairies,  steppes,  moors,  and  marsh-land,  are 
often  anthrax  districts.  Height  above  the  level  of  the  sea  has  little 
inftuence,  but  a definite  temperature  in  the  soil,  i.e.  between  18°  and  40°  C., 
must  be  reached  before  saprophytic  growth  of  the  bacillus  and  forma- 
tion of  spores  can  take  place.  Thus,  in  European  and  Asiatic  Russia, 
where  the  figures  quoted  shew  there  is  great  mortality  among  animals 
from  anthrax,  the  number  of  animals  attacked  in  each  of  the  v'inter 
months  (November  to  March)  rarely  exceeds  1000,  but  Avith  the  summer 
this  mounts  up  rapidly,  and  may  exceed  17,000  in  July  and  August. 
This  seasonal  curve  in  the  figures  of  incidence  of  anthrax  is  observed  in 
other  countries,  such  as  Italy  and  Germany,  Avith  high  summer-tempera- 
tures, but  is  absent  in  the  returns  for  Great  Britain. 

All  classes  of  vertebrate  animals  are  susceptible  to  anthrax.  The 
herbiA'orous  mammals,  such  as  cattle,  horses,  camels,  alpacas,  sheep,  goats, 
and  rodents,  readily  cateh  the  disease.  Some  of  these  (as  cattle)  are  very 
susceptible  to  intestinal  infection,  and  less  to  the  subcutaneous  inocula- 
tion ; others  (as  guinea-pigs  and  Avhite  mice)  are  rarely  infected  through 
the  alimentary  canal,  but  very  readily  by  experimental  inoculation.  Some 
breeds  of  animals  (as  Algerian  sheep)  are  but  little  susceptible,  and  do 
not  take  the  disease  spontaneously.  The  omnivorous  mammals — such  as 
pigs,  dogs,  cats,  and  rats — are  less  susceptible.  The  carnivorous  can 
only  be  infected  in  fa\’ourable  circumstances  as  regards  age,  alimentation, 
and  the  A'irulence  or  quantity  of  the  material  inoculated.  IBirds,  reptiles, 
and  fi.shes  are  relatively  immune ; but  if  the  high  temperature  of  birds  be 
diminished  and  the  low  temperature  of  reptiles  and  fishes  raised  1)3' 
artificial  means,  they  can  be  infected.  Anthrax  ordinarily  attacks 
animals  by  way  of  the  intestines.  'I'he  pulmonary  form  in  them  is 

' The  figorej  for  I'.UMia  in  ]5)01  are  prohalily  inaccurate  on  account  of  the  Russo- 
Japanese  war.  The  figures  in  1903  were  52,173.  aiul  in  1902,  .')1,425. 
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acquired  only  by  experimental  inhalation  of  virulent  spores.  Sub-  ' 
cutaneous  inoculation  of  anthrax  virus  produces  locally  a gelatinous  4 
swelling  of  the  cellular  tissue,  but  never  anything  like  the  cutaneous  I 
variety  in  man.  I 

The  disease  does  not  spread  by  contact  or  association  ; it  can  only  be  I 
acquired  in  ordinary  circumstances  by  the  introduction  of  the  infecting  fl 
organisms  into  the  circulating  blood,  either  through  an  abrasion  or  defect  fl 
of  the  mucous  membrane,  or  by  the  spores  otherwise  finding  their  way  I 
throtigh  the  epithelium  of  the  alimentary  canal,  and  so  causing  a general  fl 
infection.  Although  “ splenic  apoplexy  ” has  been  known  in  this  country  I 
from  a remote  period  as  the  cause  of  a.  large  mortality  among  cattle,  it  is  fl 
only  since  the  year  1859  tlmt  it  has  been  recognised  as  anthrax.  Since  I 
1886  the  disease  has  been  included  in  the  list  of  maladies  rvhich  come  fl 
under  the  provisions  of  the  Contagious  Diseases  (Animals)  Acts.  These  fl 
are  administered  by  the  Board  of  Agriculture,  which  prohibits  the  fl 
importation  of  live  animals  from  infected  foreign  countries.  fl 

In  the  ten  years  1895-1904  the  number  of  reported  outbreaks  in  Great  D 
Britain  was  6161,  and  of  animals  attacked  8252  (cattle  7071,  sheep  598,  9 

swine  185,  horses  398).  During  this  period  there  has  been  an  apparent  f 
marked  increase  in  the  disease  from  434  outbreaks  in  1895  to  1049  in  w 
1 904.  Prof.  Deldpine  has  shewn  from  figures  for  the  years  1897-1902  that  f 
the  distribution  of  anthrax  in  the  various  agricultural  divisions  is  not  i 
essentially  determined  by  geographical  situation,  climate,  density  of  cattle  J 
population,  or  extent  of  manured  land.  He  and  others  also  have  studied 
the  important  point  as  to  how  far  the  extensive  industries  in  this  country, 
involving  manipulation  of  raw  wool,  horse-hair,  hides,  and  skins,  affect  j 
the  incidence  in  cattle  from  access  of  spores  in  waste-water  to  streams,  ■ 
or  from  the  use  as  manure  of  the  refuse  dust  from  these  factories.  The  j 
high  number  of  outbreaks  in  the  West  Riding  of  Yorkshire,  the  centre  of  j 

the  woollen  industry,  and  in  Northamptonshire,  the  centre  of  the  leather  If 

industry,  suggests  a causal  connexion,  but  reduction  of  the  number  of  , f 
outbreaks,  or  of  animals  attacked,  to  a rate  on  the  number  of  animals  in  . 

the  several  counties,  negatives  any  sweeping  conclusion  that  incidence  in  i 

animals  corresponds  at  all  elosely  with  the  distribution  of  factories  *: 

manipulating  raw  animal  products. 

Anthi’ax,  in  proportion  to  the  number  of  cattle  in  Scotland  in 
1904,  was  three  times  as  rife  as  in  England,  although  cases  of  human  . 
anthrax  of  industrial  origin  in  the  seven  years  1899-1905  numbered  304 
in  England  and  only  14  in  Scotland.  The  counties  with  the  highest 
incidence  of  anthrax  in  proportion  to  the  number  of  cattle  (1899-1903 
figures)  are  Haddington,  Elgin,  Aberdeen,  Forfar,  Banff,  Perth,  Westmor- 
land, Northumberland,  and  Hertford,  and  in  them,  probably,  infected 
areas  have  been  created  from  inadequate  disposal  of  the  carcases  of 
animals  that  have  died  of  the  disease.  Recently  Sir  J.  M'Fadyean  has 
brought  artificial  feeding  stuffs,  the  raw  material  of  which  is  derived  from 
foreign  countries,  under  suspicion,  and  in  one  outbreak  he  isolated  the 
bacillus  from  the  linseed-cake  used.  Cases  of  anthrax  in  man  at  joorts 
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both  in  this  country  and  in  Hamburg  from  the  unloading  of  grain 
have  been  sufficiently  numerous  to  direct  attention  to  the  possibility 
of  the  introduction  of  the  spores  in  the  particles  of  soil  adhering  to  the 
grain. 

Despite  what  has  been  said,  serious  outbreaks  among  cattle  have  in 
several  instances  been  traced  directly  to  infection  of  meadows  either  from 
Hood -water  dispersing  anthrax  spores  originally  contained  in  raw 
miiterials  dealt  with  in  factories,  or  from  refuse  from  them  used  as 
maniu-e.  As  shemng  the  resistance  of  anthrax  spores  to  the  influence  of 
tanning,  liming,  arsenicating,  and  other  processes.  Dr.  C.  A.  Houston  has 
demonstrated  the  presence  of  anthrax  in  (1)  the  effluent  from  the  final 
catchpit  in  a skin  factory  at  Yeo-vdl,  (2)  in  the  septic  tank  liquor, 
the  sludge,  and  the  washings  of  coke  from  primary  and  secondary  coke- 
beds,  and  (3)  in  the  mud  from  the  banks  of  the  Eiver  Yeo  and  the  Yeo 
brook. 

The  Governments  of  Europe  and  of  many  other  countries  enforce 
measures  to  control  the  spread  of  this  disease.  The  most  important 
of  these  in  Great  Britain  are — (1)  Notification  of  the  outbreak  to  the 
Local  Authority,  (2)  Isolation  of  animals  that  have  been  in  association 
with  the  dead  animal,  and  prohibition  of  the  movement  of  animals  from 
localities  in  which  anthrax  has  broken  out  to  other  districts,  (3)  Disposal 
of  the  carcase  unopened,  (4)  Disinfection  of  infected  premises.  To  carry 
out  (3)  the  Board  of  Agriculture  recommends  cremation,  or,  when  this  is 
not  possible,  burial  deep  in  the  ground  with  the  addition  of  lime.  Since 
the  chief  cause  of  the  spread  of  infection  is  the  concealment  or  overlooking 
of  cases.  Professor  Delepine  suggests  that  all  cases  of  death  from  acute 
illness  or  cases  of  illness  rendering  slaughter  at  the  farm  necessary 
should  be  notified.  The  prophylactic  use  of  Pasteur’s  vaccins  is  referred 
to  on  p.  254. 


Anthrax  in  Man 

Nmiendature. — Deaths  from  anthrax  were  first  separately  recorded  in 
the  Annual  Eeports  of  the  Eegistrar-General  in  1863,  under  the  heading 
Malignant  Pustule ; since  then,  also  as  Charbon,  Wool-sorters’  Disease, 
and  Splenic  Fever.  Now  (1906)  they  appear  as  anthrax  (splenic  fever). 
The  word  pustule  is  at  the  present  time  restricted  to  those  elevations  of 
the  tissues  which  contain  pus.  The  name  “malignant  pustule”  in  this 
connexion  is  inappropriate  and  misleading,  because  the  disease  is  often 
not  malignant,  and  its  “ pustule  ” never  contains  pus.  The  disease  in  all 
its  aspects  is  most  widely  known  as  “ Anthrax,”  and  the  general  infection 
a.s  “ Anthracsemia.”  It  is  desirable  that  the  names  “malignant  pustule,” 
“wool-sorters’  disease,”  “mycosis  intestinalis,”  and  others  (appropriate 
enough  when  the  nature  of  the  disease  was  unknown)  should  bo 
discontinued,  and  that  the  term  “anthrax”  bo  substituted.  The  different 
forms  a-ssumed  by  it  would  then  suitably  be  described  according  to  the 
part  of  the  lx>dy  through  which  the  virus  gains  access  to  the  blood,  as : — 
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(1)  Cutaneous  Anthrax. — This  is  the  most  widely  prevalent  form,  and 
presents  two  varieties  : {a)  Necrotic  anthrax — “ malignant  pustule  ” or 
vesicle.  This  results  when  the  bacilli  or  spores  have  been  introduced 
through  an  artificial  opening,  the  local  lesion  thus  produced  having  a 
necrotic  centre  with  surrounding  vesicles  and  inflammatory  swelling. 

(h)  Erysipelatous  anthrax,  of  which  oedematous  anthrax — oed'eme  matin  of 
Bourgeois — is  a milder  representation.  This  results  when  the  virus  has 
passed  through  imperceptible  or  possibly  natural  openings.  (2)  Pulmonary 
Anthrax — “ Wool-sorters’  disease.”  In  this  form  and  in  (3)  Gastro-intestinal 
Anthrax  there  is  no  external  lesion.  The  first  is  often  spoken  of  as 
external,  and  (2)  and  (3)  as  internal  antlp’ax. 

Etiology. — The  immediate  cause  of  all  forms  of  anthrax  is  the  intro- 
duction of  the  Bacillus  anthracis  or  its  spores  into  the  living  tissues  and 
blood  current.  The  disease  occurs — 1.  In  those  who  come  into  contact 
Avith  living  animals  suffering  from  anthrax,  as  drovers,  shepherds,  farmers, 
farriers,  and  veterinary  surgeons.  2.  In  those  Avho  touch  the  carcases  of 
animals  that  have  died  from  anthrax,  as  knackers,  slaughterers,  butchers, 
and  inspectors  of  meat.  3.  In  those  Avho  handle  offal,  skins,  hoofs,  horns, 
hairs,  vmols,  or  other  derivatives  from  diseased  animals,  such  as  tanners, 
fell  - mongers,  wool  - workers,  hair-workers,  horn-Avorkers,  rag  - sorter-s, 
plasterers,  funders,  felt-makers,  brush-makers,  mattress-makers,  and  so 
forth.  4.  In  those  Avho  have  no  direct  connexion  Avith  infective  materials 
— ^who  liAm,  for  instance,  in  the  neighbourhood  of  such  manufactories.  In 
countries  Avhere  the  disease  is  common  among  animals,  Avomen  and 
children  arc  not  infrequently  attacked  •Avith  the  disease  through  the 
medium  of  persons,  animals,  or  insects.  5.  It  has  several  times  been 
transmitted  from  one  person  to  another  Avith  fatal  results — as  at  a post- 
mortem examination.  A Avife  is  also  reported  to  have  taken  it  by 
touching  her  cheek  Avith  her  hands  Avhen  dressing  the  sore  of  her 
husl)and.  In  some  undoubted  cases  the  source  of  the  infection  cannot  be 
traced. 

Among  all  countries  of  the  Avorld  Great  Britain  is  exceptional  in  that 
anthrax  in  man  is  mainly  of  industrial  origin,  i.e.  arises  much  more  from  1 I 

spores  contained  in  material  imported  from  distant  countries  than  from  1 1 

contact  Avith  the  carcase  of  an  animal  that  has  died  of  the  disease.  No  ' I 

official  figures  are  published  of  the  number  of  farm  labourers  or  slaughter-  ! j 

men  attacked,  but  it  is  stated  that  in  connexion  Avith  7 out  of  460  • . 

outbreaks  of  cattle  anthrax  into  Avhich  the  veterinary  officers  of  the  a ; 

Board  of  Agriculture  inquired  betAveen  the  months  of  July  and  December 
1904,  tAvelve  persons  contracted  the  disease,  of  Avhoin  six  died.  The 
number  of  cases  of  anthrax  contracted  in  a factory  or  Avorkshop  (notified 
to  the  Chief  Inspector  of  Factories  in  pursuance  of  section  73  of  the 
Factory  and  Workshop  Act,  1901),  during  the  years  1899-1905,  Avas  as 
folloAvs : — 
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j Industry. 

Males. 

Females. 

Total. 

Fatal. 

Per  cent. 

1 'Worsted  and  wool . 

95 

27 

122 

35 

28-7 

1 Horse-luiir  and  bristles  . 

56 

21 

77 

18 

23 -I 

Hides  and  skins  . 

103 

103 

25 

24-3 

Other  industries  . 

i 

16 

2 

18 

7 

38-9 

270 

50 

320 

85 

26-6 

The  varied  nature  of  the  occupation  of  the  persons  thus  reported  is 
shewn  in  the  following  table,  which  is  ari-anged,  as  far  as  possible,  in  the 
order  of  the  processes  of  manufacture  from  the  time  the  material  is 
received  in  the  bale  to  that  when  it  leaves  in  the  finished  condition  : — 


Wool 


Wharfinger 

1 

Carder  and  comber  . 

. 29 

Yanman  .... 

1 

Finisher  and  preparer 

. 7 

Warehouseman  . 

4 

Packer  .... 

3 

Overlooker 

1 

Spinner  and  w'eaver  . 

. f 

Occupier  .... 

1 

Waste-puller 

1 

Wool-steeper 

1 

Sweeper  of  floors 

1 

Bale-opener 

. 7 

Dyer  .... 

. •! 

Sorter  .... 

. 20 

Engineer  .... 

1 

Willower  .... 

. 15 

Mechanic  .... 

1 

Blender  .... 

4 

Infected  outside  factory 

4 

Wool-washer  and  wool-runner 

. 11 



Dryer  .... 

1 

Total 

. 122 

Horse-Hair 

Yanman  .... 

1 

Brushmaker 

. 16 

Clerk  in  office  . 

1 

Yarn-winder 

1 

WarehoiLseman  . 

4 

Stuffer  of  boxing-gloves 

1 

Opener,  weigher,  and  carrier 

. 10 

Staffer  of  mattresses  . 

1 

Washer  .... 

1 

Wet  heckler 

1 

Sorter  and  mixer 

4 

General  work  . 

1 

Willower  .... 

8 

Infected  outside  factory 

4 

Drawer  and  dre.sser  . 

. 12 



Curler  and  carder 

. 11 

Total 

. 77 

Hides  and  Skins 

D<>:k  lalxnirer  . 

. 21 

Portmanteau-maker  . 

1 

Wharfinger 

. 44 

Leather-seller  . 

1 

Fellmonger 

1 

JIaker  of  jiicker-straps 

.■> 

Tanner  .... 

. 29 



B<yMmaker 

4 

Total 

. 103 
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Dock  labourer  .... 
Fruit  and  vegetable  warehouseman 
Horn-worker  .... 
Eag-sorter  .... 
Linen-weaver  .... 
Chemical  manure-maker 
Saddler  .....  1 

Railway  porter  . . . . 1 

Worker  in  harness  furniture  . 1 


Vanman  .....  l 

Worker  in  mother  of  pearl  . 1 

Knife-hafter  . . . . 1 

Unloader  of  grain  ...  1 

Grain  dealer  ....  1 

White-lead  worker  ...  1 

Total  . . . .18 


Other  Industries 

2 
2 
2 
1 
1 
1 


So  far  as  could  be  ascertained,  the  country  whence  the  wool,  horse 
hair,  and  hides  and  skins  originated  was  as  follows 


Wool. 

Horse-hair. 

Hides  and  Skins. 

Persian  (Bagdad)  . 38 

Persian  or  camel  hair  7 

Persian  or  alpaca  . 1 

Mohair,  camel  hair,  or 
Persian  . . .3 

Mohair  . . .15 

A''an  mohair  . 8 

A''an  mohair,  alpaca, 
or  Cape  mohair  . 2 

A'an  mohair  or  Persian  3 
Mohair  or  Cashmere 
or  camel  hair  . 2 

Cape  raohairor  Turkey 
mohair  . . .5 

Mohair,  camel  hair,  or 
alpaca  . . . 3 

East  Indian  . .13 

Native,  Colonial,  or 
East  Indian  . . 3 

Camel  hair  . . 6 

Camel  hair,  East 
Indian  or  alpaca  . 2 

Alpaca  . . .1 

Probably  Persian  or 
East  Indian  . . 2 

Indefinite  . . .8 

Total  . 122 

China  . . .25 

Russia,  Siberia,  or 
China  . . .13 

Siberia  or  Russia  . 5 

South  America,  or 
Siberia,  or  Russia  . 13 
All  kinds  e.\cept 
Chinese  mane  hair  . 6 

Indefinite  . . .15 

Total  . . .77 

China  . . .19 

China  or  East  Indian  5 
Madagascar,  East 
India,  or  China  . 1 

Bombay,  East  Indian  21 
East  Indian  or  Russian  1 
Cape  or  Straits  Settle- 
ments . .1 

Cape ....  3 

Cape  or  Australian  . ,1 

South  American  . 1 

Australian  . . 1 

South  American  or 
New  Zealand  . . 1 

Arabian  . .1 

Morocco  . . .2 

Morocco  or  East 
Indian  . .1 

West  African  . . 3 

Straits  Settlements  . 5 

Madras  and  Bombay 
tanned  hides  . . 1 

Tanned  sheepskins  . 2 

Tanned  boot-leather  . 4 

Native  . . .1 

Colombia  . . .1 

Persian,  China,  and 
Cape  goatskins  . 4 

Indefinite  . . .23 

Total  . . 103 

Although  the  amount  of  wool  imported  from  Australasia  is  about 
double  that  from  the  rest  of  the  world,  no  case  of  anthrax  has  with 
certainty  been  proved  to  have  arisen  from  its  manipulation.  This  has 
been  attributed  to  the  amount  of  “ yolk  ” or  natural  potash  soap  con- 
tained in  Australian  wool,  the  presence  of  which  would  lessen  the 
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diftiision  of  dust.  Asiatic,  Eg3-ptian,  and  other  low  class  wools  from 
warm  climates  are  drj'  and  dusty,  because  of  the  relatively  small  amount 
of  *■  yolk  ” in  them.  Probably  for  more  important  factors  than  this  are 
the  acknowledged  small  incidence  of  the  disease  in  Australia  and  New 
Zealand,  the  precautions  there  taken  to  prevent  the  spread  of  the  disease, 
and  the  proper  disposal  of  carcases  of  animals  that  may  have  died.  In 
Asia  Minor  and  Persia  no  precautions  of  this  kind  are  taken,  and  manu- 
facturei-s  in  this  country  report  of  Persian  wool  that  nearly  every  bale  is 
falsely  packed,  that  is,  the  fleeces  contain  locks  (inferior  wool),  skin, 
wool  of  animals  that  have  died  of  disease,  cotton  rags,  besides  soil,  sand, 
dirt,  and  dust. 

The  cutaneous  type  of  the  disease  was  known  to  Arabian,  Egyptian, 
Greek,  and  Eoman  medical  writers,  some  of  whom  describe  the  A'arious 
stages  of  the  disease  vdth  great  accuracy.  Its  frequent  transmission  to 
man  from  the  handling  of  hairs  and  wools  was  first  pointed  out  in  1769 
by  Fournier.  Montfils  in  1776  recorded  similar  cases.  Eayer  in  1835 
published  three  cases,  one  in  a person  who  was  attacked  after  cleaning 
Eussian  horse-hair  which  for  many  years  had  served  as  stufiing  for  an 
easy-chair.  Trousseau  in  1847  described  cases  occm-ring  among  workers 
of  horse-hair  imported  from  Buenos  Ayres.  It  does  not  appear  to  have 
been  known  as  anthrax  in  England  before  Budd’s  accurate  description  of 
malignant  pustule  (anthrax)  in  1862.  Among  workers  in  hides  and 
skins  the  pulmonary  form  has  occurred  so  rarely  that  only  two  cases 
are  recorded.  Among  horse-hair  workers  the  cutaneous  form  has  been 
and  is  still  predominant.  Cases  of  the  pulmonary  or  internal  form 
from  manipulation  of  horse-hair  have  been  recorded  in  the  past,  notably 
by  Dr.  J.  B.  Eussell  in  an  epidemic  in  Glasgow  in  1878,  when  nine 
persons  were  attacked,  of  wfoom  seven  (three  fatal)  were  believed  to  have 
contracted  the  disease  in  the  internal  form ; and  later  in  1893  by 
Chauveau.  None  of  the  cases  reported  to  the  Chief  Inspector  of  Factories 
as  having  been  contracted  in  horse-hair  factories  since  1899  have  assumed 
the  internal  form.  In  the  worsted  and  woollen  industry  the  prevailing 
form  at  the  present  time  is  cutaneous,  but  formerly  it  Avas  pulmonary. 
Of  this  there  can  be  no  doubt,  and  it  is  important  to  find  an  explanation 
of  this  alteration  in  type.  The  disease  Avas  first  noted  in  the  Bradford 
district  after  the  introduction  of  alpaca  and  mohair  as  textile  materials  in 
1837.  Occasional  unasual  illnesses  and  sudden  deaths  occurred  among 
the  sorters  of  these  avooIs.  At  Queensbury  in  1846  several  deaths 
occurred  Avithin  a short  time.  Again  in  1853-1854  there  Avas  an  out- 
break Avhich  caused  considerable  alarm.  In  1867-1868,  and  again  in 
1874,  many  deaths  of  Avool-sorters  occurred  at  Saltaire,  Avhere  alpaca  and 
mohair  Avere  largely  u.sed.  In  November  1879,  Avhen  attending  a avooI- 
sorter — who  diwl  tAvclve  hours  afterAvards — one  of  us  (J.  II.  B.)  Avith- 
drew  some  blood  from  the  arm,  and  Avithin  a fcAv  minutes  injected 
two  or  three  drops  of  it  under  the  skin  of  a rabbit,  a guinea-pig,  and  a 
white  mou.se  respectively.  The  animals  all  died  Avithin  sixty  liours,  and 
the  blood  of  each  shcAved  the  presence  of  bacilli.  Another  animal  Avas 
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inoculated  with  blood  from  one  of  these,  and  it  died  in  a shorter  time. 
The  fluids  from  this  animal  were  found  to  be  crowded  with  Bacillus 
anihracis,  and  the  disease  was  recognised  as  anthrax.  During  the  year 
1880  Mr.  J.  Spear,  with  whom  was  associated  Professor  Greenfield, 
investigated  the  subject  of  avooI- sorters’  disease  on  behalf  of  the  Local 
Government  Board.  He  dealt  in  his  report  Avith  32  cases,  of  Avhich 
23  (19  fatal)  Avere  of  the  internal,  and  9 (2  fatal)  of  the  cutaneous 
type.  Internal  anthrax  AA'as,  he  Avrote  at  that  time,  “the  form  of  the 
disease  Avhich  is  the  much  more  common  one,  at  all  events  the  more 
commonly  recorded  one  amongst  AAmol-sorters.”  In  the  former  edition  of 
this  article  (1896)  the  pulmonary  form  AA^as  still  considered  the  commoner, 
and  it  Avas  stated  that  “in  the  Bradford  Avorsted  district  30  cases  of 
external  and  57  cases  of  internal  anthra.x  have  been  recorded.”  During 
the  seA^en  years  1899-1905,  hoAvever,  only  13  cases  (all  fatal)  of  the  internal 
form  haA’-e  been  reported,  as  compared  Avith  60  of  the  cutaneous.  Some 
explanation  of  the  change  may  be  found  in  the  more  frequent  diagnosis 
noAv  of  the  external  form,  and  inclusion  under  this  head  of  the  erysipelat- 
ous form  ■,  but  this  is  insufficient  to  explain  the  very  great  reduction  in 
cases  of  true  Avool-sorters’  disease.  One  circumstance,  hoAvever,  has  been 
materially  modified  Avithin  the  last  tAvelve  years,  namely,  the  manipula- 
tion of  the  Avool  by  localised  exhaust  ventilation  referred  to  on  p.  255,  and 
this  Ave  regard  as  the  main  cause  of  the  alteration  in  type.. 

Workers  in  the  Avoollen  and  Avorsted  industry  in  Germany  and  France 
apparently  escape  anthrax  in  any  form.  Danger  from  anthrax  of  the 
cutaneous  typo,  but  never  of  the  internal,  is  Avell  recognised,  and  many 
outbreaks  have  been  recorded  in  the  manipulation  of  hides  and  skins  and 
horse-hair.  In  LoAver  Austria,  hoAvever,  Eppinger^  has  described  88 
cases  (78  fatal)  of  anthrax  among  rag-sorters  in  certain  paper  factories 
betAveen  1870  and  1886  as  haAung  been  all  of  the  pulmonary  or  internal 
type.  Very  rarely  a sporadic  case  of  anthrax  occurs  among  rag-sorters 
in  the  West  Biding. 

The  intestinal  form  of  anthrax  in  man  is  extremely  rare ; only  tAvo 
cases  have  been  recorded  in  this  country.  Wahl  described  the  first  case 
in  1861,  a second  AA'as  reported  by  von  Recklinghausen  in  1864.  Buhl 
in  1868  described  cases  Avith  haemorrhagic  infarcts  in  the  stomach  and 
intestines,  A'ery  like  the  lesions  seen  in  the  boAvels  of  horses  dead  from 
splenic  fever.  In  1871  Waldeyer  met  AA'ith  such  cases.  Miinch  of 
Moscoav,  in  1871,  first  determined  the  anthrax  nature  of  this  disease 
Avhich  he  had  found  in  hair-Avorkers  Avith  internal  lesions  similar  to  those 
noticed  by  Wahl  and  Buhl.  Since  then  other  cases  haA'e  been  recorded  ; 
but  no  doubt  many  have  been  cases  of  pulmonary  anthrax  Avith  secondiiry 
intestinal  infection.  This  form  is  to  be  anticipated  from  the  consumption 
of  bacilli  in  infected  meat,  and  such  food  must  necessaz’ily  be  regarded  as 

’ Professor  Eppiuger,  in  a letter  dated  January  13,  1906.  lias  informed  us  that  since 
1894  only  tAVO  cases  have  been  reported  from  these  paper  factories  one  cutaneous  Avhich 
terminated  fatally,  and  the  other  pulmonary  ending  in  recovery.  Bacteriological  examina- 
tion  and  auiiual  experiment  in  the  last  case  were  negative. 
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dangerous,  although  from  the  numerous  instances  that  are  known  where 
such  food  has  been  eaten  without  injurious  eflects  the  great  majority  of 
the  bacilli  must  be  destroyed  by  cooking. 

The  cutaneous  form  may  develop  at  any  point  on  the  skin,  although 
it  is  very  rare  on  the  fingers  or  thumb  in  this  country.  The  situation 
in  299  of  the  reported  cases  (1899-1905)  was  as  follows  : — 


Situation. 

Number. 

Per  cent. 

Head  and  face 

129 

43T 

Xeck  ..... 

123 

41T 

Upper  extremity  . 

40 

13-4 

Lower  extremity  . 

3 

10 

Trunk  ..... 

4 

1-3 

This  list  refers  to  cases  in  which  infection  is  mainly  due  to  dust.  If 
contracted  by  persons  from  contact  with  the  carcase  of  an  animal  that 
has  died  from  anthrax  the  lesion  will  be  found  much  more  frequently  on 
the  forearm  or  hand.  There  is  usually  only  one  point  of  inoculation ; 
occasionally  two  or  more  are  seen ; the  lesions  progress  simultaneously. 

It  is  doubtful  whether  one  attack  confers  any  protection  against  a 
future  attack ; second  attacks  are  recorded. 

Pathological  Anatomy. — Cutaneous  Anthrax. — Local. — Durins:  the 
first  few  days  the  changes  in  the  skin  at  the  point  of  inoculation  are 
those  of  acute  inflammation,  followed  by  fibrino-serous  exudation  and 
central  necrosis.  The  black  eschar,  consisting  of  epidermis  including  the 
^lalpighian  layer,  is  depressed,  and  does  not  extend  deeper  than  the  skin. 
The  epidermis  around  may  be  detached,  and  the  dermis  appear  of  a dirty 
yellow-grey  or  a reddish-purple  colour.  The  exudate  contains  red  blood- 
cells,  a few  leucocytes,  the  Bacilli  anthracis  and  often  other  organisms. 
The  papillte  are  swollen,  and  the  interspaces  filled  with  leucocytes  and 
Bacilli  anthracis.  The  bacilli  are  irregularly  distributed,  but  are  most 
numerous  near  the  eschar,  beneath  the  adherent  epithelium  in  the 
Malpighian  layer.  In  the  superficial  layers  of  the  skin,  after  a few  days, 
other  bacteria  are  found.  In  the  deeper  layers  there  are  very  few  bacilli ; 
they  do  not  extend  in  great  numbers  more  than  two  inches  beyond  the 
eschar.  They  are  not  found  in  the  adipose  tissue  beneath.  The  brawny 
swelling  when  cut  may  be  crowded  with  punctiform  h£emorrha<ies. 

General. — The  states  of  the  various  organs  are  in  great  mca.sure  similar 
to  those  found  after  death  from  all  forms  of  anthrax,  the  local  lesions 
predominating  according  to  the  part  inoculated. 

Pulmonary  and  Gastro  intestinal  Anthrax. — External  Changes. — The 
discoloration  of  decomposition  ajqjears  very  soon  ; it  is  of  more  than  the 
usual  lividity,  and  is  not  confined  to  the  posterior  part  of  the  body, 
ithin  two  to  four  hours  the  lip.s,  ear.s,  neck,  ui)per  part  of  the  chest, 
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and  shoulders  are  of  a dark-purple  colour,  the  nails  of  a black-blue 
colour,  and  the  exposed  skin  of  the  penis  and  scrotum  claret-coloured. 
Occasionally  there  is  no  unusual  discoloration  of  the  skin.  There  may 
also  be  minute  purple  spots  on  various  parts,  more  frequently  on  the 
chest  and  abdomen.  Dark  chocolate-coloured  fluids  issue  from  the  mouth 
and  nose.  The  cellular  tissue  in  front  of  the  neck  and  upper  part  of  the 
chest  is  sometimes  swollen  an’d  emphysematous. 

Internal  Changes. — The  external  muscles  of  the  chest  on  section  are 
often  dark  in  colour,  except  where,  there  is  much  oedema.  On  removing 
the  sternum  the  celhdar  tissue  beneath  is  sometimes  emphysematous,  and 
bubbles  of  gas  escape ; at  other  times  there  is  considerable  gelatinous 
oedema  of  the  cellular  tissue ; occasionally  it  has  been  seen  to  be  exten- 
sively infiltrated  with  blood.  The  pleural  cavities  almost  invariably 
contain  a lai’ge  quantity  of  clear,  straw-coloured  serum ; often  two  to  four 
pints  in  each  side — generally  most  in  the  right  side.  Any  inflammatory 
lesions  of  the  pleurae  are  due  to  accidental  causes.  The  anterior  surface 
of  the  lungs  may  appear  normal ; or  the  gelatinous  oedema  under  the 
serous  covering  may  be  as  much  as  one  inch  in  thickness  at  the  most 
dependent  parts,  and  may  extend  between  the  lobes  without  any  plastic 
inflammatory  exudation.  Under  the  serous  coat  are  often  numerous 
small  patches  of  ecchymoses.  On  section  the  lungs  are  engorged  with 
dark-coloured  blood,  the  right  more  so  than  the  left ; thq  posterior  and 
lower  parts  are  more  congested  and  oedematous ; some  portions  are  more 
solid  than  others,  and  of  a blacker  red  colour.  It  is  not  uncommon  to 
find  extravasations  of  blood — of  any  size  up  to  that  of  a walnut — in  the 
lungs ; and  in  prolonged  cases  the  larger  of  these  appear  to  become 
purulent. 

The  bronchial  glands  are  generally,  not  invariably,  enlarged ; they 
are  usually  larger  on  the  right  side,  and  may  be  the  size  of  a hen’s  egg. 
They  are  hard,  easily  broken  down  by  the  thumb,  and  filled  with 
dark-coloured  blood.  The  trachea  and  bronchial  tubes  contain  frothy, 
blood-stained  mucus ; the  mucous  membrane  of  the  trachea  and  of  the 
larger  bronchi  is  stained  a claret  colour  and  is  swollen  ; beneath  it  patches 
of  extravasated  blood  are  frequently  seen.  On  a transverse  section  the 
lumen  is  seen  to  be  narrowed  by  jelly-like,  sero-sanguinolent,  and  haemor- 
rhagic infiltration.  The  phaiyngeal  connective-tissue  may  be  oedematous 
and  infiltrated  with  blood. 

The  pericardium  at  its  base  may  be  surrounded  by  blood  diffused  in 
the  cellular  tissue.  It  may  shew  petechial  spots  or  considerable  infiltra- 
tion with  gelatinous  serum.  The  pericardial  fluid  is  frequently  increased 
in  quantity  up  to  five  or  six  ounces.  The  epicardium  and  endocardium 
show  subserous  petechial  patches,  those  within  the  heart  at  the  attocli- 
ment  of  the  valves  being  the  largest. 

The  blood  is  nearly  always  fluid  and  of  a dark  colour,  almost  black. 
In  a few  prolonged  cases  soft  clots  are  found  in  both  ventricles.  The 
fluid  blood  produces  swelling  and  engorgement  of  the  internal  organs. 

The  heart  is  dark-coloured,  soft,  and  flabby ; it  may  be  empty,  or 
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coiitiuii  dark,  semifluid  blood  in  all  its  cavities.  The  auricular  and 
ventricular  septa,  and  parts  of  the  muscular  substance,  may  even  be  of 
a black-red  colour  from  extravasations  or  staining  of  blood.  The  attach- 
ments of  the  cords  to  the  muscular  columns  of  the  tricuspid  and  mitral 
valves  may  be  similarly  discoloured.  A dark-red  even  layer  of  blood 
may  separate  the  serous  layers  of  some  of  the  cusps  of  the  pulmonary  or 
aortic  valves.  The  coi’pora  Arantii  may  be  black  from  ecchymoses.  The 
lining  membrane  of  the  heart  and  larger  vessels  is  stained  a hue  varying 
from  a pale  cherry-red  to  a dark  chocolate,  according  to  the  length  of 
time  which  may  have  elapsed  since  death.  Very  rarely  it  is  not  stained. 

The  abdomen  in  pidmonary  anthrax  does  not  often  contain  much 
fluid ; but  in  the  intestinal  form  a considerable  quantity  may  be  present. 
In  one  case  of  cutaneous  anthrax  on  the  cheek,  serum  from  which  had 
passed  into  the  mouth,  the  intestines  were  extensively  involved,  and  four 
pints  of  blood-stained  serum  were  found  in  the  abdomen. 

ITie  gelatinous  oedema  noticed  in  the  chest  is  often  found  in  the 
abdomen ; it  may  be  very  considerable  in  the  mesentery,  or  in  the  cellular 
tissue  surrounding  the  Iddneys.  Extravasated  blood  in  small  or  large 
patches  may  be  found  under  the  serous  covering  of  the  various  organs. 
Between  the  layers  of  the  mesentery  patches  as  large  as  the  outspread  hand 
have  been  seen.  There  may  be  much  blood  also  in  the  cellular  tissue 
around  the  kidney.  When  the  intestines  are  affected  the  mesenteric 
glands  may  be  much  enlarged ; in  other  cases  they  may  be  normal.  In 
the  stomach  and  intestines  patches  of  extravasated  blood  are  found  under 
the  mucous  membrane,  and  also  numerous  large  congested  patches  of  a 
mulberry  hue  several  inches  long,  and  often  invohdng  the  greater  part  of 
the  circumference  of  the  bowels  j or  the  ecchymoses  may  be  very  nume- 
rous, small,  each  with  a black  centre,  and  varying  in  size  from  the  head 
of  a pin  to  a lentil.  The  mucous  membrane  overlying  this  may  be 
ulcerated ; the  haemorrhages  when  larger  appear  as  subserous  on  the 
external  aspects  of  the  bowels.  In  other  cases  the  mucous  lining  of  the 
stomach  and  intestines  may  appear  perfectly  normal. 

The  spleen,  like  all  other  organs  in  this  disease,  varies  very  much. 
It  is  generally  larger  than  natural,  but  not  unfrequently  it  is  unaltered  in 
size  or  appearance.  It  has  been  knoAvn  to  weigh  only  3;^  ounces.  When 
cut  into,  if  much  enlarged,  it  is  diffluent,  grumous,  and  the  matter  flowing 
out  is  almost  black.  In  other  cases  the  organ  is  soft,  pulpj’’,  and  in 
appearance  as  in  other  specific  febrile  diseases. 

The  liver  is  less  frequently  affected  than  other  organs ; it  appears 
generally  to  be  normal ; but  it  may  be  very  full  of  blood ; it  sometimes 
presents  numerous  small  hjemon-hagic  areas. 

The  kidneys  occasionally  shew  small  extravasations  of  blood  beneath 
the  capsule ; the  parenchyma  is  usually  engorged  with  blood. 

The  brain  and  spinal  cord. — Extravasations  of  blood  not  infre- 
quently lie  }>ctween  the  membranes,  sometimes  completely  surrounding 
the  bniin  and  filling  the  lateral  ventricles;  small  infarcts  to  the  size  of  a 
[>ea  may  occasionally  be  seen  in  the  cerebral  substance. 

Vor,.  IF — IT.  I 
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In  a case  of  gastro-intestinal  anthrax  described  by  Dr.  Teacher,  in 
addition  to  many  of  the  pathological  conditions  here  described  in  the 
organs,  there  were  found  near  the  pyloric  orifice  three  small  swollen 
hffimorrhagic  spots  with  slightly  elevated  pustule-like  centres.  On  the 
surface  of  the  intestines  were  three  or  four  congested  ha>morrhagic  areas, 
and  internally,  corresponding  to  the  congested  patches,  were  areas  of 
intense  congestion  with  ha;morrhagic  sloughy  centres.  The  largest  of 
these  was  situated  about  four  feet  from  the  pylorus ; it  consisted  of  an 
irregular  area  about  two  inches  in  diameter,  deeply  congested  and 
infiltrated  with  extravasated  blood.  The  centre  was  ulcerated  and 
sloughy,  and  appeared  to  be  on  the  point  of  perforation.  The  condition 
was  regarded  as  an  acute  infection  originating  at  and  spreading  from 
this  intestinal  focus.  There  was  a diffuse  haemorrhagie  condition  of  the 
pia-arachnoid,  which  was  shewn  microscopically  to  be  an  early  meningitis 
due  to  the  Bacillus  anthracis.  According  to  Dr.  Teacher,  pia-arachnoid 
haemorrhage  is  not  infrequently  associated  with  anthrax,  and  its  discovery 
has  sometimes  given  the  first  clue  to  the  nature  of  the  case. 

The  characteristie  changes  are — (i.)  The  discoloration  of  the  skin ; 
from  this  alone  in  many  cases  the  cause  of  death  may  be  surmised.  In 
some  cases,  however,  it  is  not  decidedly  marked,  (ii.)  The  gelatinous 
oedema  of  the  cellular  tissue  in  various  parts  of  the  body ; particularly  in 
the  anterior  mediastinum,  around  the  pharynx,  trachea,  base  of  the  heart ; 
in  the  mesentery,  omentum,  and  fat  around  the  kidneys,  (iii.)  The 
extravasations  of  blood : which  may  be  extensive  in  the  chest,  the 
abdomen,  and  the  head  in  the  same  patient;  or  in  only  one  of  these 
places ; with  innumerable  smaller  hiemorrhagic  areas  in  any  organ  or 
tissue  in  any  part  of  the  body,  (iv.)  The  extensive  serous  effusions  into 
the  pleurffi,  pericardium,  and  peritoneum. 

For  the  microscopical  characters  of  the  tissues  in  pulmonary  anthrax 
we  are  indebted  to  Professor  Greenfield’s  report  to  the  Local  Government 
Board  in  1881  on  the  Wool-sorters’  Disease  in  Bradford.  From  this  report 
we  gather  that  “the  lesion  in  the  bronchi  presented  in  various  degrees 
constant  and  characteristic  features,  limited  almost  entirely  to  the  lower 
part  of  the  trachea  near  its  bifurctition,  to  the  two  main  bronchi,  and  in  one 
case  only  reaching  to  the  first  division.  In  the  earliest  stage  of  the  process 
the  most  superficial  layers  of  the  mucous  membrane  are  found  to  be  infil- 
trated with  bacilli,  later  they  are  found  in  scanty  clusters  in  the  somewhat 
deeper  layers,  still,  however,  only  in  the  connective-tissue  spaces  or  in  the 
lymphatics.  Very  speedily,  however,  thei’e  appear  two  special  conditions, 
viz.  haamorrhage  and  inflammation.”  The  hsemorrhage  maj^  be  slight  and 
only  into  the  subepithelial  tissue,  which  then  becomes  detached ; if  more 
extensive,  it  may  invade  the  mucous  and  submucous  tissue  through  their 
entire  depth.  In  the  vicinity  of  the  haeniorrhages  is  a more  marked 
accumulation  of  bacilli ; they  crowd  the  superficial  layers  of  the  mucous 
membrane,  and  are  found  in  larger  numbers  in  the  connective  tissue , 
masses  are  .also  found  here  and  there  in  the  lymphatics,  and  sometimes  in 
the  smaller  blood-vessels. 
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Distribution  of  the  Bacilli. — After  inoculation  the  bacilli  spread  mainly 
bv  way  of  the  lymphatic  vessels.  The  blood  can  at  first  only  serve  as  a 
carrier  of  the  organisms,  not  as  a place  for  their  multiplication.  Only  at 
a relatively  late  period  are  they  to  be  found  in  large  numbers  in  the 
blood  when  the  signs  of  general  infection  become  prominent.  Bacilli  are 
common  in  the  urine  of  domestic  animals  when  suffering  from  this 
disease.  In  man  the  kidneys  are  not  very  frequently  invaded,  but  Avhen 
they  are,  bacilli  escape  Avith  blood  from  the  capillaries  of  the  glomeruli, 
and  develop  in  the  urine  before  it  is  voided  from  the  bladder.  Similarly 
from  ruptiu-e  of  c<ipiUaries  bacilli  are  found  in  milk ; they  Avill  pass  also, 
by  rupture  of  A'essels,  from  mother  to  foetus  through  the  placenta.  They 
have  been  found  in  the  faeces  and  the  sputum. 

Incubation. — The  period  of  incubation  varies  with  the  method  of 
inoculation  and  the  quantity  and  virulence  of  the  poison.  When  it  is 
introduced  by  the  bite  of  a fly  or  the  sting  of  an  insect,  the  additional 
poison  immediately  arouses  a painful  itching  and  rapid  inflammation  of 
the  skin.  Where  an  inflamed  pimple  has  been  scratched  and  inoculated 
at  the  same  time,  or  shortly  afterwards,  development  is  almost  equally 
rapid.  When  the  virus  is  introduced  by  a cut  or  abrasion  of  healthy 
skin  there  Avill  be  some  itching  on  the  folloAving  day,  with  SAvelling  and 
inflammation  on  the  third  day.  When  the  infecting  material  is  fresh 
and  in  the  bacillary  form,  incubation  will  be  shorter  than  when  dried 
spores  are  the  infecting  agent.  When  the  period  of  incubation  appears 
to  be  longer  than  two  or  three  days,  it  is  probable  that,  after  exposure 
to  infection,  some  of  the  virus  has  remained  about  the  person  or  in 
contact  Avith  the  skin  for  several  days,  or  even  weeks,  Avithout  producing 
any  effect ; but  after  it  has  passed  beyond  the  epidermic  bai'rier  it 
multiplies  rapidly,  and  within  tAventy-four  hours  produces  its  local 
specific  effect. 

Symptoms. — 1.  Cutaneous  Anthrax. — (a)  Local. — The  necrotic  variety 
is  not  often  seen  by  the  surgeon  during  the  early  papular  stage.  When 
it  proceeds  from  the  bite  or  sting  of  an  insect  there  is  first  a painful 
itching  at  the  spot,  and  within  a feAv  hours  a red  papule  Avith  a minute 

■ central  puncture  appears ; on  the  folloAving  day  a vesicle  forms  Avith 
some  surrounding  redness,  and  beyond  this  considerable  braAvny  sAvelling. 
When  the  top  of  an  ordinary  pimple  has  been  scratched  off'  and  inoculated 
at  the  same  time — a common  event — the  spot  is  very  irritable  and  jAain- 

' fnl ; on  the  second  day  there  is  usually  a vesicle,  Avhicli  may  vary  in  size 

■ from  a split  pea  to  a shilling,  and  contains  a yelloAV  or  broAvn  exudation. 
On  the  third  day  the  vesicle  has  burst  and  shrunk,  leaving  a grey  or 
brown  base  exuding  serum.  On  the  fourth  day  there  is  a black,  (hi/, 
'lq,remil  eschar,  surrounded  by  a very  characteristic  slightly  elevated 
Ijorder  of  small  vesicles.  The  vesicular  rim  may  be  indefinite  and 
irregular,  or  complete ; and  other  red  currant-like  vesicles  on  the  surface 
of  the  afljoining  skin  may  be  fcAv  and  discrete,  or  many,  confluent  and 
extermive.  The  exudation  during  life  is  fluid  and  often  A'cry  abundant; 
after  death  it  may  not  floAv  out  when  the  vesicles  arc  opened.  When 
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the  eschar  extends  by  including  the  earlier  vesicles,  large  bullae  form 
irregularly  on  the  skin  around  and  beyond  the  margin  of  the  eschar. 
When  there  has  been  a primary  anthrax  papule  on  sound  skin  there  may 
be  no  red  areola,  even  after  the  eschar  has  formed ; but  there  is  always 
a considerable  degree  of  firm  oedema  of  the  surrounding  tissues,  and 
when  there  is  a mixed  infection  there  will  be  more  redness.  The  firm, 
unyielding  oedema  extends  in  all  directions,  and  the  neighbouring  lymph- 
atic glands  may  be  tender,  hard,  and  enlarged.  When  on  the  neck 
the  lesion  may,  within  two  or  three  days,  involve  the  larynx,  or,  much 
more  frequently,  the  cellular  tissue  and  glands  of  the  mediastinum,  and 
produce  dyspnoea  and  dysphagia.  When  close  to  the  orbit,  the  swelling 
of  the  eyelids  may  render  the  person  unable  to  continue  his  work, 
although  he  may  feel  quite  well.  In  severe  cases  the  oedema  may  extend 
all  over  the  head,  neck,  atid  chest  to  below  the  nipples.  The  circum- 
ference of  the  head  has  been  known  to  reach  29|  inches,  and  over  the 
eyebrows  26^  inches.  The  general  absence  of  pain  round  the  eschar 
is  remarkable  ; it  is  never  acute,  and  is  rather  a sense  of  weight,  fulness, 
and  numbness  in  the  part  due  to  the  swelling.  There  is  always  an 
absence  of  pus  till  after  seven  to  ten  days,  when  the  eschar  begins  to 
separate. 

The  erysipelatous  variety  appears  generally  at  the  junction  of  the  skin 
with  the  mucous  membrane  of  the  eyelids,  nose,  mouth,  or  prepuce.  The 
name  was  given  solely  on  account  of  the  resemblance  to  erysipelas,  and  not 
because  it  might  be  a combination  of  erysipelas  and  anthrax ; but  a mixed 
infection  is  more  often  found  in  this  variety  than  in  the  necrotic.  The 
local  symptoms  besides  those  of  erysipelas  are  the  extensive  swelling 
and  the  absence  of  pain.  In  slight  cases  there  is  no  redness  or  vesicula- 
tion  ; when  severe  there  is  much  redness,  with  vesiculation  and  a gan- 
grenous discoloration  of  the  skin. 

(6)  General.  — So  long  as  the  disease  is  local  the  constitutional 
symptoms  are  slight ; when  general  infection  takes  place  they  are  the 
same  for  both  varieties.  The  severity  of  the  general  symptoms  bears  no 
relation  to  the  amount  of  local  disease ; a small  pimple  on  the  neck  or 
chin,  without  much  pain,  inflammation,  or  oedema,  may  be  fatal  within 
three  days.  On  the  other  hand,  an  eschar  on  the  temple,  with  lai’ge 
bullcB  above,  freely  discharging  straw-coloured  fluid,  with  swelling  all 
over  the  head  and  involving  the  submaxillary  glands,  may  terminate  in 
recovery.  In  a few  cases  with  considerable  local  lesions  there  are  no 
general  manifestations,  the  patient  being  able  to  eat,  sleep,  and  go  about 
as  usual ; in  other  cases  there  is  but  a slight  feeling  of  illness.  In  more 
severe  cases  the  symptoms  of  general  infection  set  in  on  the  day  follow- 
ing the  appearance  of  the  pimjile ; in  others  they  may  be  deferred  foi  ^ 
week  or  more.  The  initial  symptoms  are  those  of  any  other  febrile 
disease  ; such  as  slight  feeling  of  illness,  weakness,  chilliness,  occasional  y 
a slight  rigor,  some  thirst,  at  times  vomiting,  fulness  in  the  head,  restless- 
ness, and  disturbed  sleep.  The  symptoms  afterwards  appear  according 
to  the  internal  localisation  of  the  disease,  viz.  hiemorrhages  and  gelatinous 
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exudation  in  the  coats  of  the  stomach  and  bowels,  or  in  the  mesentery 
and  abdominal  cellular  tissue,  with  persistent  vomiting  and  diarrhoea ; in 
the  lungs,  with  rapid  breathing  and  a tendency  to  cyanosis ; in  the  head 
— meningeal, — with  ^'iolent  delirium,  convulsions,  and  coma ; in  and 
about  the  heart,  ^^dth  rapid  collapse  and  death.  During  the  first  few 
days  the  pulse  may  not  bo  affected,  but  as  the  state  of  the  patient 
becomes  graver,  it  will  be  small,  rapid,  irregular,  weak,  and  imper- 
ceptible. For  several  days  there  is  usually  no  fever,  and  later  the 
temperature  rarely  exceeds  102°  F.  In  the  rectum  it  is  usually  3°-5° 
higher  than  in  the  axilla.  It  has  been  noticed  to  be  104‘6°  F.  in  the 
axilla  twelve  hours  before  death.  In  one  case  it  reached  105’1  in  the 
rectum,  and  yet  recovery  followed.  In  some  fatal  cases,  with  lesions  in 
the  brain  and  meninges,  the  temperature  has  been  from  103°  to  106°  F. 
Occasionally  the  temperature  falls  before  death. 

2.  Pulmonary  Anthrax — Wool-sorters’  Disease. — The  aspect  of  the 
disease  in  this  form  is  really  negative.  There  is  no  external  lesion. 
There  may  be  no  rigors,  pain,  cough,  vomiting,  purging,  or  other  dis- 
tressing manifestations  until  the  near  approach  of  death,  and  even  then 
the  patient  may  not  feel  particularly  ill.  For  example,  a previously 
healthy  mohair-sorter,  aged  46,  not  feeling  very  well,  called  to  see  his 
doctor  at  10.30  A.M.  ; during  the  afternoon,  when  taking  a walk,  he 
noticed  his  hands  were  cold  (July)  and  his  finger-nails  were  of  a bluish 
colour.  He  had  a restless  night,  his  breathing  being  oj>pressed  and 
rapid,  and  he  died  at  10  A.M.  Duration,  twenty-four  horn’s.  A Van 
mohair-sorter,  aged  23,  when  taken  ill,  wished  to  be  removed  to  his 
parents’  home  eight  miles  away.  He  said  he  felt  “ aU  right.”  Against 
the  adHce  of  his  doctor  he  went,  and  died  in  the  cab  on  the  way. 
Another  Van  mohair-sorter,  aged  39,  got  up  and  dressed  himself  to  go  to 
work  as  usual,  but  feeling  weak  he  went  back  to  bed,  and  died  at 
5.30  P.lL  the  same  day.  A strong  healthy  man,  aged  39,  after  a 
moderately  good  night,  got  up  at  6 A.M.  to  go  to  work,  his  hands  and 
feet  were  cold,  he  fainted,  got  into  bed  again,  and  died  at  2.30  P.M.  the 
same  day.  An  alpaca -sorter,  not  feeling  very  well  on  a Saturday, 
thought  the  fresh  air  at  the  seaside,  120  miles  away,  would  do  him 
gocKl.  On  Sunday  afternoon  he  had  a short  walk  in  the  garden,  was 
worse  during  the  evening,  and  died  early  on  Monday  morning. 

Inilvil. — These,  in  unmixed  cases,  are  common  to  many  diseases,  and 
are  never  severe  or  painful.  The  patient  feels  “ out  of  sorts,”  “ not  well, 
not  ill,”  “not  half  well,”  “as  if  he  had  caught  cold  and  something  was 
coming  on.”  There  may  be  shivering — not  amounting  to  a rigor ; in 
most  ca.ses  some  uneasiness  at  the  chest  or  stomach,  and  in  all  cases  great 
weakness  and  weariness.  The  distress,  however,  is  so  slight  that  the 
doctor  is  not  summoned  till  one,  or  more  frequently  two  days  have 
pawed,  when  the  patient,  without  feeling  seriously  ill,  or  the  friends 
being  apjjrehensive  of  danger,  may  be  found  in  a collajisod  condition, 
cold,  almost  pulseless,  and  within  a few  hours  of  death. 

Alimfnlary  SyaleM. — Ihe  tongue  is  always  moist  and  generally  coated 
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Avith  a slight,  creamy-coloured  covering.  Thirst  is  usual,  in  a few  cases 
extreme.  Appetite  is  not  good,  but  some  have  partaken  of  food  moder-  fl 
ately  after  leaving  work  ill ; there  may  be  nausea,  weight,  and  uneasiness  H 
at  the  stomach.  Vomiting  is  mentioned  in  nearly  one-half  of  the  cases;  H 
this  may  occur  once  only  in  the  early  stage  of  the  disease,  and  is  un-  H 
important;  in  other  cases  it  may  be  persistent,  commencing  after  the  H 
second  day,  and  depending  upon  concentration  of  the  disease  upon  the  H 
stomach  and  bowels.  Diarrhoea  is  not  so  frequent  as  vomiting ; there  is  H 
occasionally  abdominal  jDain  ; bloody  evacuations  have  not  been  noticed.  H 
Respiratory  System. — The  lungs  are  always  involved,  although  some-  H 
times  the  symptoms  are  slight.  In  a few  cases  there  is  pain  in  the  side,  H 
but  it  is  seldom  seAmre  or  continuous.  Nearly  all  have  a feeling  of  H 
tightness,  oppression,  Aveight  or  pressure  about  the  chest  which  interferes  H 
Avith  the  breathing.  In  some  this  is  the  only  chest  symptom.  The  H 
breathing  is  accelerated,  difficult,  and  in  the  later  stage  forty  to  fifty  a H 
minute;  but  in  tAvo  patients,  Avho  were  cold  and  almost  pulseless,  the  H 
respirations  Avere  only  tAventy-five  and  tAventy-six  respectively.  Cough  H 
is  generally  present,  but  never  severe  or  very  troublesome.  In  most  cases  H 
there  is  no  expectoration,  in  none  very  much ; occasionally  it  contains 
numerous  small  specks  of  blood,  and  in  a very  feAv,  and  only  in  cases  H 
which  have  continued  over  five  days,  is  it  slightly  rusty-coloured.  The  H 
purer  the  case  the  less  likely  is  there  to  be  any  pneumonia.  The  breath  H 
has  often  been  noticed  to  have  a faint,  sickly,  peculiar  fetid  odour.  A H 
dusky  leaden  hue  or  lividity  of  face,  neck,  ears,  and  fingers,  increasing  to  X 
cyanosis  in  the  collapse  stage,  is  usual. 

The  percussion  note  is  generally  clear;  impairment  has  occasionally  H 
been  noticed  on  one  side,  generally  on  the  right;  it  is  never  very  H 
decided,  even  Avhen  the  examination  has  been  carefully  made  a few  hours  H 
before  death  although  much  fluid  has  been  found  in  the  pleurre  post  H 
mortem.  The  respiratory  murmur  on  the  affected  side  is  feeble  during  the 
early  stage,  and  may  be  inaudible  over  the  upper  half  or  more  of  the  H 
lung  at  a later  stage — the  percussion  note  being  clear — from  pressure  of  H 
enlarged  glands  on  the  bronchi.  Dry,  sibilant,  cooing  sounds  are  common  H 
on  the  right  side ; moist,  bronchial  rales  are  often  present,  but  crepita-  ■■ 
tions  are  very  rare.  The  left  lung  is  seldom  affected  so  much  as  the  ■■ 
right,  and  much  less  frequently.  91 

The  Circulato7'y  Organs. — In  some  cases  the  force  of  the  virus  appeare 
to  fall  more  upon  the  heart  than  on  the  lungs.  Generally  the  pulse  is  % I 
soft,  small,  weak,  rapid,  and  irregular,  according  to  the  stage  of  the  1 I 
disease.  At  the  commencement  the  frequency  and  force  of  the  pulse  1 1 
may  not  differ  from  the  normal,  so  that  danger  may  not  be  suspected.  | f 
In  the  rapid  case  (see  p.  247)  the  pulse  Avas  100  a minute  seAmu  hours  ^ I 
before  the  patient’s  death  ; in  another  case,  tAvelve  hours  before  death,  it  ^ P 
Avas  only  82.  It  is,  hoAvever,  usually  Aveak  and  rapid  out  of  proportion  i 
to  the  apparent  severity  of  the  illness  (120  to  140),  and  as  the  patient  | 
approaches  the  end  it  becomes  very  small,  irregular,  and  uncountable.  f 
The  heart-sounds  are  also  very  feeble  and  at  times  inaudible.  i 
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Nervous  System. — In  about  one-fifth  of  the  cases  headache,  alone  or 
combined  with  delirium,  has  been  observed.  Coma  and  convulsions, 
probably  the  residtof  meningeal  haemorrhage,  also  occur  at  times.  In  the 
majority  of  cases,  however,  the  mind  remains  clear  throughout  the  illness. 

Shin  and  Temperature. — The  skin  is  always  moist,  and  in  many 
patients,  when  the  surface  of  the  body  is  cold,  it  is  bathed  with  perspira- 
tion. The  temperature  in  the  axilla  in  ordinary  cases  seldom  reaches 
103  °F. ; the  few  cases  in  which  104°  to  105°  have  been  recorded  were 
prolonged  and  combined  with  pneumonia:  in  one  case  107°  was  noted 
two  hours  before  death  on  the  seventh  day.  The  temperature  is  usually 
4°  to  5°  higher  in  the  rectum  than  in  the  axilla,  and  falls  as  the  disease 
advances. 

Urinary  System. — The  mine  is  scanty,  dark-coloured,  and  of  high 
specific  gramty,  even  up  to  1040.  In  several  cases,  both  of  the 
cutaneous  and  pulmonary  form,  it  has  been  found  to  contain  albumin 
— in  one  case  as  much  as  “ two-thirds  when  present  the  amount  is 
usually  small,  but  in  the  majority  of  cases  there  is  none.  In  one  case 
of  cutaneous  anthrax,  in  which  the  patient  recovered,  the  specific  grardty 
was  1043,  and  a quantity  of  sugar  was  present. 

The  symptoms  and  progress  of  pure  cases  are  what  we  may  suppose 
would  follow  from  the  inoculation  of  virulent  anthrax  virus  into  the 
circulating  fluids  of  a healthy  person.  In  the  most  rapid  oases  the 
invading  force  is  so  OA'erwhelming  that  the  initial  collapse  continues, 
and  the  strong  man  yields  his  life  without  a sign  of  resistance.  In 
ordinary  cases  slight  reaction  takes  place,  followed  by  collapse  and  death 
within  three  or  four  days,  before  local  inflammatory  lesions  mask  the 
nature  of  the  illness.  In  more  prolonged  cases  inflammatory  changes 
take  place  in  the  lungs,  Avhich  very  greatly  obscure  the  nature  of  the 
illness,  and  add  their  own  particular  dangers,  but  indicate  a diminished 
risk  from  the  anthrax  poison. 

Bapifl  Case. — An  alpaca-sorter  when  at  work  one  morning  felt  weak  and 
perspired  freely.  He  walked  home  two  and  a half  miles,  and  tvas  rdsited 
by  his  doctor  at  7 P.M.  the  same  evening.  He  stated  that  he  had  not 
felt  chilly ; there  had  been  no  thirst,  vomiting,  or  pain ; the  tongue  Avas 
moist,  slightly  coated,  and  felt  cold  to  the  touch ; there  was  some 
wheezing  in  the  trachea,  very  little  cough,  no  expectoration ; respiration 
3 f,  no  dulness  on  percussion  of  chest,  some  dry  cooing  sounds  OAmr  the 
light  lung  po.steriorly,  no  moist  sounds;  pulse  100,  very  Aveak  and 
irregular;  temperature  in  axilla  97'6°  F.,  under  tongue  98T°,  Avithin 
rectum  102-2°.  At  11  P.M.  temperature — axilla  9G'6°,  rectum  102'5°; 
pul.se  rapid,  irregular,  uncountable;  hands,  knees,  face,  and  tongue  cold; 
perspiration  free,  mind  clear.  He  died  three  hours  afterwards.  Duration, 
seventeen  hours. 

Ordinary  Case. — A soi-ter  of  mohair  complained  of  feeling  rather  sick 
and  weak;  he  had  no  pain,  slight  cough,  no  expectoration.  Chest  on 
percus.sion  in  front  and  behind  clear,  rcsidratory  murnnir  over  right  lung 
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very  feeble,  no  moist  sounds,  respiration  24;  pulse  126;  temperature 

axilla  100-4°  F.  There  was  nothing  apparent  in  his  general  condition  to 
cause  or  correspond  with  the  dangerous  character  of  the  pulse.  Moaj  4//t. 
— In  the  morning:  respiration  28;  pulse  120,  small,  feeble,  and  uneven; 
temperature— axilla  98‘1°  F.,  mouth  100°,  rectum  102-4°.  Complained  of 
nothing  but  sickness,  had  vomited  frequently;  at  10  P.M.  right  lung 
sounds  very  feeble,  no  decided  dulness,  respiration  30;  pulse  116,  very 
weak;  temperature— axilla  97-3,  mouth  97-9°,  rectum  101°;  extremities 
cold.  May  5th. — Lungs  resonant,  no  crepitations,  respiration  40  ; tongue 

moist ; pulse  1 20,  scarcely  countable  ; collapse  increasing  ; temperature 
axilla  97  , mouth  98  , rectum  100-8°.  At  5 P.M.  the  lungs  anteriorly 
were  resonant,  respiration  48  ; pulse  almost  imperceptible ; very  restless. 
At  8 P.M.  he  died.  Duration  of  illness,  four  days.  Anthrax  bacilli  were 
afterwards  found  in  the  blood. 

Prolonged  Case. — A Cape  mohair-sorter  left  work  on  May  19th  feeling 
chilled.  He  perspired  freely,  and  had  slight  cough.  Temperature  103°  R, 
pulse  regular,  full,  128.  On  the  20th  had  pain  in  the  left  side,  felt  weak, 
perspired  freely,  slight  rusty  expectoration  ; some  crepitations  at  the  base 
of  left  lung  posteriorly,  no  marked  dulness;  temperature  104-2°;  pulse 
128.  On  the  22nd  passed  a restless  night;  no  cough  or  expectoration. 
On  the  23rd  felt  better ; no  pain.  On  the  24th  more  pain,  particularly 
in  chest.  Tubular  breathing  over  lower  portion  of  left  lung  posteriorly, 
dulness  marked,  also  slightly  on  right  side;  temperature  103-2°,  pulse 
regular,  130.  On  the  25th  felt  better;  not  much  pain  ; mind  wandering. 
On  the  26th  appeared  Better ; not  much  cough,  some  expectoration,  not 
coloured ; sat  up  in  bed  when  doctor  was  present,  and  took  a pint  of 
mutton-broth.  On  the  27  th  much  worse,  insensible;  breathing  laboured 
and  rapid ; pulse  136,  weak  and  irregular.  Hands  and  arms  warm.  He 
died  shortly  afterwards.  Duration,  nine  days.  Characteristic  bacilli 
were  found  in  the  pei’icardial  fluid. 

3.  Gastro-intestinal  Anthrax. — The  symptoms  are  those  of  poisoning 
of  a gastro-intestinal  chai-acter,  with  or  ^vithout  those  of  a febrile  attack, 
and  develop  rapidly  into  those  of  general  infection  as  seen  in  other  forms 
of  anthrax.  There  may  or  may  not  be,  first,  slight  febrile  symptoms, 
such  as  pain  in  the  head,  back,  and  limbs,  with  nausea,  persistent 
vomiting,  abdominal  pain,  and  diarrhoea,  which  is  sometimes  htemorrhagic. 
The  patient  feels  very  weak,  helpless,  and  restless  ; the  pulse  is  small  and 
rapid ; the  temperature  in  the  rectum  a little  above  normal ; the  surface 
of  the  skin  cold  and  moist,  the  respiration  rapid,  and  the  face  slightly 
cyanotic ; the  blood  stagnates  in  the  extremities,  and  occasionally  con- 
vulsions and  coma  are  followed  by  collapse  and  death  in  from  two  to  five 
days. 

A case  fully  described  by  Dr.  J.  H.  Teacher  ran  its  course  in  24 
hours.  The  patient  was  a lead-worker.  The  most  careful  inquiry 
eliminated  all  readily  recognisable  sources  of  infection,  and  the  evidence 
suggested  infection  from  food  or  in  ordinary  deglutition.  He  was  said 
to  have  been  in  perfect  health  until  the  morning  of  January  31st,  1905, 
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when  he  rose  as  usual,  but  retiu’iied  to  bed  011  account  of  giddiness  and 
headache.  He  did  not  appear  seriously  ill  until  7 P.M.,  when  he  was 
found  out  of  bed  iu  a restless  and  excited  condition.  He  was  admitted 
to  the  Western  Infinnaiy,  Glasgow,  at  11.15  P.M.,  in  a semi-conscious  and 
delirious  state.  Eespirations  were  24  per  minute ; the  pulse  was  small 
and  ^^-iry,  90  per  minute;  and  the  temperature  was  98'4  F.  There  was 
no  sign  of  disease  except  tenderness  on  pressime  over  the  epigastric  and 
umbilical  regions.  At  3 A.M.  on  the  following  day  he  had  a convulsion, 
beginning  in  the  face,  aflecting  both  sides  equally,  and  rapidly  becoming 
general.  The  m-ine  contained  some  sugar  and  albumin.  He  died  at 
3.30  A.M.,  just  after  the  fourth  convulsion.  (For  post-mortem  appear- 
ances in  this  case  see  p.  242.) 

Diagnosis. — The  occupation  of  the  patient  may  sometimes  afford  a 
clue  to  the  nature  of  the  disease.  In  the  earliest  papular  stage  of  the 
necrotic  form,  if  the  patient  had  been  exposed  to  infection,  a pimple  on 
any  uncovered  part  of  the  body  would  excite  suspicion.  The  vesicular 
stage  is  more  characteristic.  The  exudation  may  be  clear  and  straw- 
coloured,  or  brown.  Eedness,  swelling,  and  tenderness  may  extend  along 
the  lymphatics  to  the  neighbouring  glands.  All  these  signs,  however, 
may  be  present  and  yet  anthrax  be  absent.  After  three  days  the  central 
early  eschar,  with  surrounding  vesicles,  redness,  extensive  oedema,  and  but 
slight  pain  about  the  part,  will  be  very  characteristic.  It  may  be  dis- 
tinguished from  a boil  or  carbuncle  by  the  absence  of  suppuration,  and 
also  by  the  absence  of  the  moist,  yellow,  sloughing  core ; from  phleg- 
monous erysipelas  and  cellulitis  by  the  absence  of  pain ; and,  although 
these  may  be  attended  with  vesication  and  gangi-ene,  the  gangrene  is 
more  extensive,  the  vesication  is  not  on  the  margin  of  skin  surrounding 
the  eschar,  and  the  oedema  is  not  so  sharply  defined ; from  chancre  by 
the  rapidity  of  its  progress  and  the  more  serious  constitutional  symptoms  ; 
from  glanders  by  the  absence  of  the  numerous  red  vesicles  and  the  copious 
puriform  discharge  from  the  nostrils ; from  malignant  oedema — progres- 
sive gangrene  of  the  skin — by  the  absence  of  crepitation  of  fetid  gas  in 
the  cellular  tissue,  and  by  cultures  and  inoculations. 

Where  there  is  suspicion  of  pulmonary  or  internal  anthrax  the 
slightest  illness  occurring  in  those  exposed  to  infection  should  be  looked 
upon  as  serious,  until  the  possibility  of  anthrax  has  been  negatived.  In 
the  early  stage,  when  the  symptoms  are  the  same  as  those  of  ordinary 
ailments,  diagnosis  is  impossible.  In  the  middle  stage  there  is  often 
nothing  characteristic  in  the  condition  of  the  patient  to  determine  the 
grave  nature  of  the  disease ; hence  not  infrequently  it  is  unrecognised 
until  the  patient  is  cold,  livid,  almost  pulsele.ss,  and  dying.  In  the  last 
stage  of  rapid  or  ordinary  attacks  the  combined  symptoms,  as  before 
given,  are  sufficiently  definite.  In  the  more  prolonged  cases,  complicated 
with  pleurisy  and  pneumonia,  diagnosis  is  very  difficult  and  uncertain  ; 
perhaps  a weak  pulse  and  i)rostration  out  of  proportion  to  the  local 
lesions  may  excite  a susi)icion,  which  can  be  confirmed  or  dispelled  by 
bacteriological  methods  only. 
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Bacteriological  Diagnosis. — In  every  case  of  anthrax  an  attempt  should 
be  made  to  demonstrate  the  presence  of  the  bacillus,  but  failure  to  isolate 
the  bacillus  docs  not  prove  absence  of  the  disease.  Failure  may  be 
accounted  for  by  (1)  occurrence  of  putrefactive  changes  in  the  material, 
(2)  insufficiency  of  the  amount  sent.  Kesponsibility,  therefore,  for  the 
diagnosis  rests  more  with  the  practitioner  on  clinical  grounds  than  with 
the  bacteriologist.  The  symptoms  of  the  necrotic  variety  are  in  most 
cases  so  characteristic  as  to  admit  of  no  doubt.  It  cannot  be  too 
strongly  insisted  on  that  recourse  must  be  had  to  all  known  bacterio- 
logical methods.  Careful  microscopical  examination  of  fresh  or  stained 
coverslip  preparations  of  lymph  from  the  vesicles  nearest  the  eschar, 
or  from  under  the  margin  of  the  eschar  itself,  frequently,  though 
by  no  means  always,  reveals  the  presence  of  the  bacilli.  Later,  when 
putrefactive  organisms  are  present  also  (and  this  applies  to  examination 
of  material  taken  more  than  24  hours  after  death),  the  difficulty  of 
identifying  the  bacillus  increases.  When  verification  by  both  culture  on 
agar  or  gelatin  plates  and  animal  experiment  is  sought  (and  this  should 
be  done  wherever  possible),  one  or  the  other,  if  not  both,  may  yield 
confirmatory  evidence.  Inoculation  of  mice  or  guinea-pigs  vdth  sus- 
pected material  has  often  proved  positive  when  other  methods  have 
failed. 

The  bacilli  are  rarely  detected  in  the  blood  until  within  a few  hours 
of  death  in  the  pulmonary  form,  or  in  cutaneous  anthrax  until  after 
generalisation  of  the  disease.  They  have,  however,  been  found  48  hours 
before  death.  No  case  of  recovery  from  pulmonary  or  internal  anthrax 
has  been  recorded  in  which  the  bacilli  have  been  detected  in  the  blood,  but 
recovery  in  similar  circumstances  after  generalisation  of  the  cutaneous  form 
is  not  unknown.  In  addition  to  that  alreadj’"  mentioned,  the  material 
most  likely  to  show  anthrax  bacilli  is  blood  from  the  heart,  spleen,  and 
hnigs,  pericardial  and  pleuritic  fluid,  and  fluid  from  the  lateral  ventricles. 
Verification  of  anthrax  bacilli  in  horse-hair,  wool,  hides,  and  skins  is 
difficult,  but  in  several  instances  their  presence  has  been  demonstrated 
(1,  2,  5,  7,  18,  19,  20,  41).  The  procedure  generally  adopted  has  been 
to  heat  an  emulsion  of  the  material  in  physiological  salt  solution  or 
bouillon  for  some  minutes  at  70°-90°  C.,  so  as  to  destroy  less  resistant 
organisms,  and  subsequently  to  make  plate  cultures  or  inoculate 
susceptible  animals.  Success  has  in  some  cases  followed  on  direct 
inoculation  of  dust  separated  from  the  material.  Differential  diagnosis 
must  be  made  from  other  capsule-forming,  spore-bearing  putrefactive 
bacilli,  the  bacillus  of  malignant  oedema,  B.  anihracoid.es,  and  B.  pseud- 
anthracis. 

Prognosis. — 1.  Cutaneous  Anthrax. — The  danger  to  life  cannot  be 
estimated  by  the  extent  of  the  local  disease.  Lesions  on  the  chin  and 
the  cheek  respectively  the  size  of  a split  pea,  with  very  slight  redness 
and  swelling,  have  been  known  to  lead  to  a fatal  result  within  tliree  or 
four  days ; yet  a larger  lesion  with  extensive  oedema  and  involving  the 
glands  may  end  in  complete  recovery.  The  most  dangerous  sites  of  the 
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loc;U  lesion  are  the  upper  eyelid  and  neck — the  latter  on  account  of  its 
proximity  to  the  larynx  and  mediastinum.  AVhen  the  lesion  is  situated 
on  the  upper  part  of  the  face  the  exudation  may  trickle  into  the  mouth, 
set  up  vomiting,  and  increase  the  danger  from  secondary  intestinal  infec- 
tion. Active  reaction  vdth  much  inflammation  around  the  lesion  is 
generally  a favourable  sign ; but  redness  may  be  absent  and  the  patient 
recover ; on  the  other  hand  it  may  be  very  considerable  and  the  patient 
die.  The  prognosis  is  more  favourable  with  a high  than  with  a subnormal 
temperature.  A falling  temperature  with  an  increasing  gravity  of 
general  symptoms  is  a precursor  of  death.  Delirium  is  not  uncommon, 
and  is  of  very  serious  import,  as  it  generally  indicates  hemorrhages 
between  the  arachnoid  and  pia  mater. 

Vomiting  is  not  of  great  importance  at  the  outset,  but  later,  if  per- 
sistent, it  indicates  general  infection.  Diarrhoea  is  rare  during  the  local 
stage  of  the  disease ; afterwards  it  is  occasionally  troublesome,  and  is  due 
to  general  infection  with  concentration  of  the  effects  of  the  virus  on  the 
digestive  tract.  ‘ Eespirations  over  40  a minute  also  indicate  localised 
internal  presence  of  the  Bacillus  anthracis,  especially  if  the  cough  be 
troublesome.  The  pulse  is  perhaps  the  best  guide  to  the  condition  of  the 
patient : so  long  as  it  is  full  and  not  very  rapid  the  case  is  hopeful ; but 
when  small,  feeble,  and  increasing  in  rapidity  on  each  visit,  it  is  of  serious 
import.  The  pulse,  temperature,  and  respiration  may,  however,  be  near 
normal,  and  the  patient  not  complain  of  feeling  particularly  ill,  even  on 
the  day  preceding  death. 

Duration  of  Illness. — Number  of  cases  fatal  within 

2 days.  3 days.  4 days.  5 days.  6 days.  7 days.  8 days.  9 clays.  Over  9 days. 

3 7 23  11  13  12  6 6 2 —Total  83 

2.  Fulnwnartj  Anthrax. — When  a strong  man  employed  on  dangerous 
wools  complains  of  slight  illness,  as  if  he  had  got  a cold,  and  after  careful 
e.xamination  nothing  more  is  apparent,  a guarded  prognosis  must  be 
given ; he  may  be  dead  within  twenty-four  hours. 

If  the  onset  be  more  decided,  and  there  has  been  shivering,  followed 
by  other  symptoms  of  a “ severe  cold,”  and  a temperature  above  102 ‘5°  F., 
the  prognosis  will  be  more  favourable ; these  symptoms  indicate  that  the 
patient  has  been  able  to  re.sist  the  onslaught  of  the  specific  disease ; and, 
although  bronchopneumonia,  pleuritic  effusions,  and  secondary  suppura- 
tions may  follow  and  add  their  own  dangers,  these  complications  are 
antagonistic  to  anthrax  development,  and  the  chances  of  the  patient’s 
recovery  arc  more  favourable.  In  the  absence  of  bacteriological  proof  of 
the  presence  of  the  bacilli  in  any  case  of  recovery  from  pulmonary 
anthrax,  no  definite  statement  as  to  the  numl)er  which  recover  is  possible. 
But  several  cases  of  recovery  have  been  seen  in  the  Bi-adford  district  in 
which  the  symptoms  suggested  strongly  this  form  of  the  disease. 

Duration  of  Illness. — Number  of  cases  fatal  within 

1 4ay.  2 flays.  3 days.  4 days.  5 days,  fi  days.  7 days.  10  days.  Over  10  days. 

'•>  'Ti  2\  10  7 3 3 3 2 —Total  82 
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Mortality. — In  Europe  about  25  per  cent  of  all  cases  prove  fatal. 
Thus  in  Great  Britain  of  320  reported  cases  (1899-1905)  85  were  fatal 
— 2 6 '6  per  cent.  Of  these  13  were  of  the  internal  variety,  and  were  all 
fatal.  Excluding  them  the  proportion  of  deaths  to  attacks  in  the 
cutaneous  form  was  23 ‘4  per  cent.  In  Italy,  in  the  eleven  years 
(1880-1890),  of  24,052  cases  5812  were  fatal,  or  24'1  per  pent.  W. 
Koch  (1886)  noted  422  out  of  1473  published  cases  of  cutaneous 
anthrax  as  fatal — 32  per  cent.  In  the  outbreaks  of  pulmonary  anthrax 
among  rag-sorters  in  Lower  Austria  (1870-1886)  the  mortality  was  88'6 
per  cent.  It  is  universally  agreed  that  neglect  of  early  treatment  in  the 
cutaneous  form  of  the  disease  is  one  cause  of  the  high  death-rate.  Thus 
for  a numl)er  of  years  the  fatality  of  cases  treated  in  hospitals  may  be 
considerably  less  than  that  stated.  At  Guy’s  Hospital,  for  instance, 
between  1896  and  1904,  of  56  cases  treated  4 only  proved  fatal — 7T 
per  cent.  The  mortality  varies  greatly  according  to  the  variety  of  the 
disease  and  other  conditions.  What  determines  the  form  assumed — 
whether  it  be  differing  degree  of  virulence  of  the  bacillus,  or  differing 
degree  of  resistance  in  the  human  subject — is  unknown. 

Treatment. — From  the  earliest  times  all  writers  on  the  treatment  of 
anthrax  have  recommended  the  destruction  of  the  primary  focus  of  infec- 
tion by  caustics  or  cauteries.  The  actual  cautery  is  still  the  chief  treat- 
ment in  many  parts  of  Russia,  Sibei’ia,  Persia,  and  other  countries  of  Asia 
where  the  disease  is  most  prevalent.  In  England  surgical  interference 
usually  takes  the  form  in  cutaneous  anthrax  of  free  excision,  and  swab- 
bing the  wound  with  pure  carbolic  acid.  At  Guy’s  Hospital,  in  addition, 
powdered  ij^ecacuanha  is  commonly  dusted  on  the  wound,  and  ipecacuanha 
in  ten-grain  doses  is  given  internally.  Davies  - Colley  was  guided  in 
introducing  this  treatment  by  the  experience  of  Muskett  in  South  Africa, 
who  regarded  ipecacuanha  as  a specific  for  anthrax,  and  by  this  means  alone 
had  treated  fifty  cases  without  fatal  issue.  Washbourn  found,  too,  that 
ipecacuanha  destroyed  anthrax  bacilli,  but  not  spores,  which  are  not 
formed  in  the  body.  Five  per  cent  carbolic  acid  is  often  injected  into 
the  subcutaneous  tissue  around  the  margins  of  the  lesion  in  several 
places,  either  in  addition  to  or  instead  of  excision. 

In  pulmonary  anthrax  the  progress  of  the  disease  is  generally  so  rapid 
that,  almost  before  a diagnosis  can  be  made,  recovery  may  be  out  of  the 
question.  In  the  previous  edition  hope  was  expressed  that  a serum  from 
some  artificially  immunised  animal  might  be  discovered  which  would  have 
some  arresting  action  on  the  progress  of  the  disease  if  given  after  infec- 
tion by  anthrax  virus.  And  in  this  connexion  it  was  suggested  that  use 
of  the  serum  of  a naturally  immune  animal — as  the  Algerian  sheep — 
might  be  tried  by  subcutaneous  or  intravenous  injection.  Since  this  was 
written  progress  in  serum  treatment,  both  in  the  cases  of  man  and  farm 
animals,  has  been  considerable. 

Production  of  passive  immunity  and  recognition  of  specific  protective 
substances  against  anthrax  bacilli  in  the  blood-sernm  of  animals  brought 
to  a high  degree  of  active  immunity  was  made  about  the  same  time,  and 
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independently,  in  1895  by  Sclavo  in  sheep,  and  by  Marchoux  in  both 
sheep  and  rabbits.  Later  Sclavo  instituted  experiments  as  to  the  relative 
strength  in  immunising  effect  of  the  serum  of  various  animals — the  sheep, 
goat,  ox,  horse,  and  the  ass — and  found  that  of  the  ass  the  most  poAverful. 
To  produce  active  immunity  both  these  investigators  used  the  vaccins  of 
Pasteur,  and  subsequently  injected  cultures  of  virulent  anthrax  bacilli 
subcutaneously  in  gradually  increasing  doses.  To  obtain  anthrax  serum 
more  quickly  than  this  method  allows  of,  Sclavo  evolved  the  combined 
active  and  passive  immunising  methods,  with  which  he  still  obtains  the 
best  results,  namely,  injection  of  5,  10,  or  15  c.c.  of  the  serum  of  an 
immimised  animal,  together  vdth  a culture  of  slightly  attenuated  anthrax 
baciUi,  followed  at  fortnightly  intervals  later  by  subcutaneous  injection 
of  virulent  cultures  in  increasing  doses  over  a period  of  several  months. 
Havinsr  satisfied  himself  of  the  curative  effect  of  the  serum  when  adminis- 

O 

tered  to  sheep  twenty-fom'  hours  after  inoculation  of  vindent  anthrax 
cultures,  and  of  its  innocuousness  alone  in  large  doses,  Sclavo  began 
to  treat  cutaneous  anthrax  in  man  by  its  means  in  July  1897.  The 
serum,  after  ether  has  been  added  to  the  extent  of  3 per  cent  of  the  whole 
bulk,  is  put  up  in  tubes  containing  10  c.c.  Sclavo  directs  that  30  or 
preferably  40  c.c.  should  be  injected  into  the  abdominal  wall  (10  c.c.  in 
four  different  places)  as  the  initial  dose.  On  the  following  day,  if  there 
is  no  improvement  either  in  the  local  or  general  symptoms,  30  or  40  c.c. 
should  again  be  injected  in  the  same  manner.  Where  the  symptoms 
are  very  grave  10  c.c.  may  with  advantage  (in  addition  to  the  abdominal 
injections)  be  injected  intravenously,  preferably  into  one  of  the  superficial 
veins  on  the  back  of  the  hand,  and  repeated  later  if  necessary.  A 
rise  of  temperature  following  the  injeetion  is  to  be  regarded  as  a favoui’- 
able  sign. 

The  serum,  if  kept  cool  and  in  a dark  place,  remains  fully  active  for 
at  least  two  years.  Sclavo  would  rely  on  the  use  of  his  serum  alone,  and 
deprecates  all  surgical  interference.  In  England  the  inclination  has 
decidedly  been  to  employ  it  in  all  cases  in  the  doses  recommended  by 
him,  but,  in  addition,  to  excise  or  inject  5 per  cent  carbolic  acid  round 
the  local  lesion. 

Sclavo  (1903)  refers  to  164  cases  of  cutaneous  anthrax  treated  by  his 
serum  in  Italy.  Among  these  there  were  ten  deaths,  6 '09  per  cent,  as 
compared  with  a mortality  of  24 T per  cent  for  all  cases  in  Italy.  One 
of  us  (T.  M.  L.)  has  published  details  of  sixty-seven  of  these  cases,  in  fifty- 
six  of  which  serum  alone  was  used.  Excluding  one  fatal  case  and  two  in 
which  there  was  loss  of  tissue,  the  duration  of  illness  from  commencement 
of  treatment  U)  recovery  appears  not  to  have  been  more  than  fourteen 
days  in  any  of  the  fifty-three  cases,  and  in  forty-four  of  them  the  average 
duration  was  eight  days.  In  many  the  resulting  scar  is  described  as 
insignificant.  Aiithrax  bacilli  were  found  in  the  blood  and  ui-ine  of 
two  cases  which  recovered.  There  was  no  case  of  the  pulmonary  or 
gastrr>-inte8tinal  variety.  So  far  in  the  few  cases  of  this  form  in  I’rad- 
ford  treated  with  serum,  one  case  (in  which  the  symptoms  pointed  strongly 
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to  internal  anthrax,  although  bacteriological  proof  could  not  be  obtained) 
recovered  after  injection  of  200  c.c. 

Mendez  of  Buenos  Ayres  (1904)  refers  to  1073  cases  treated  with 
serum  from  the  horse,  immunised  by  him  in  the  same  way  as  was  done  at 
first  by  Marchoux  and  Sclavo,  with  forty-four  deaths — 4’19  per  cent.  It 
is  not  stated  whether  the  serum  treatment  was  used  alone  or  combined 
with  operative  treatment.  Since  1903  the  dose  recommended  by  him  is 
only  3 c.c.  The  diminution  in  temperature,  pulse,  and  respirations, 
following  on  injection  of  the  serum,  is  as  rapid  and  marked,  he  states,  as 
is  that  which  occurs  after  the  crisis  in  pneumonia.  His  communication 
does  not  suggest  that  the  disease  is  of  a milder  type  in  Argentina  than  it 
is  in  Europe. 

Sobernheim  (43)  confirmed  the  main  results  obtained  by  Sclavo  and 
Marchoux, — presence  of  specific  protective  substances  in  the  serum  of 
highly  immunised  sheep, — and  proved  that  sheep  could  be  immunised 
with  certainty  against  anthrax  by  the  specific  serum;  later  (1900- 
1902)  he  developed  the  combined  active  and  passive  immunising  method 
on  such  practical  lines  that  it  has  in  some  measure  re^jlaced  that  of 
Pasteiir.  The  advantages,  according  to  his  statement,  are  that  this 
method  (1)  is  efiective  in  one  day,  and  need  not  be  repeated;  (2)  confers 
probably  a more  lasting  protection,  as  a stronger  dose  and  more  active 
cultures  are  used  than  is  the  case  with  Pasteur’s  vaccin ; (3)  protects 
from  infection  by  way  of  the  intestinal  tract;  and  (4)  can  be  used  for 
curative  purposes.  The  number  of  animals  thus  treated  (March  1904) 
was  about  75,000  in  Europe  and  South  America,  with  nine  deaths 
attributable  to  the  inoculation. 

The  efficacy  of  anthrax  serum  cannot  be  tested  in  the  same  wa}^  or 
with  the  same  exactitude  as  antitoxic  serums.  Recourse  mirst  be  had  to 
animal  experiment — intravenous  injection  of  1-6  c.c.  of  the  serum  into 
six  rabbits,  and  subcutaneous  inoculation  shortly  after  of  virulent  anthrax 
culture  in  known  small  amounts.  Survival  of  one-half  of  the  animals  and 
prolongation  of  life  of  the  remainder  for  a longer  i^eriod  than  that  of  the 
control  animals,  would  point  to  a serum  of  high  protective  power. 

The  most  contradictory  views  have  been  expressed  as  to  the  way  in 
which  the  serum  acts.  MetchnikofF,  Marchoux,  and  others  attribute  the 
immunity  produced  to  phagocytosis,  the  action  of  which,  however,  is 
dependent  on  the  degree  of  virulence  of  the  bacilli.  Sclavo  considers 
that  the  bactericidal  substances  present  in  the  serum  are  of  less 
importance  than  the  effect  upon  the  phagocytes  themselves,  the  serum 
promoting  the  phagocytosis  of  the  bacilli  (stimulins).  On  the  other  hand, 
the  researches  of  Sir  A.  E.  Wright  and  Capt.  Douglas  on  the  opsonic 
power  of  human  serum  towards  the  anthrax  bacillus  shew  that  under 
the  influence  of  normal  serum  the  phagocytes  englobe  the  bacilli,  but 
that  this  effect  is  not  produced  if  the  serum  be  first  heated  to  55°  C. 
for  half  an  hour.  It  is  possible,  therefore,  that  this  opsonic  power 
may  be  raised  by  the  high  opsonic  content  of  the  serum.  Recently 
Cler,  using  the  white  blood-corpuscles  of  a guinea-pig  and  adopting 
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the  methods  of  Sir  A.  E.  Wright  find  Capt.  Douglas,  found  that 
anthrax  bacilli,  sensitised  by  the  action  of  inactivated  anthrax  immune 
serum,  were  englobed  by  phagocytes,  phagocytosis  commencing  in 
15  minutes  and  being  complete  in  from  1 to  2 hours.  The  succes- 
sive stages  of  the  phenomenon  are  illustrated  in  his  paper.  When 
physiological  salt  solution  was  used  instead  of  the  inactivated  serum  only 
a feeble  reaction  took  place,  as  occruTed  also  when  the  white  corpuscles 
were  sensitised  by  the  inactivated  serum,  washed  from  adhering  serum, 
and  mixed  ■with  an  emulsion  of  unsensitised  anthrax  bacilli.  Cler 
considers,  therefore,  that  the  anthrax  serum  contains  an  antibody 
(substance  scTisibilisatrice)  which  links  the  alexin  to  the  bacillus,  further- 
ing positive  chemiotaxis.  Sobernheim  (45),  while  recognising  that 

bactericidal  action  of  the  anthrax  seriun  has  not  been  certainly 
proved  either  witliin  or  without  the  body,  inclines  strongly  to  the 
view  that  the  artificially  acquired  immunity  is  to  be  referred  to  bacteri- 
cidal influences,  inasmuch  as  anthrax  infection  is  mainly  septicsemic. 
Anthrax  serum  and  normal  serum  of  the  same  species  of  animal  shew  no 
difference  in  their  action  on  anthrax  bacilli  in  vitro,  nor  is  apparent  change 
brought  about  in  their  morphological  appearance.  Anthrax  bacilli,  he 
says,  can  be  shewn  to  be  present  microscopically  and  by  culture  in  the 
exudation  several  days  after  inoculation  of  sheep  which  have  been 
'immunised  to  such  a degree  as  to  survive  enormous  doses  of  virulent 
anthrax. 

Although  the  anthrax  - poison  is  not  comparable  -with  that  of 
diphtheria  or  tetanus  (no  toxin  ha-ving  yet  been  obtained  from  filtered 
cultures,  injection  of  which  produces  the  specific  effects  of  the  disease), 
the  manifestations  of  anthrax  in  the  human  body  undoubtedly  suggest 
production  of  a toxin  of  some  sort.  The  local  necrosis,  with  exces- 
sive leucocytosis  around  the  oedema,  the  effects  extending  to  distant 
organs,  the  constitutional  symptoms,  and  the  poverty  of  the  blood  in 
h?icilli  until  immediately  before  death,  are  inconsistent  Avith  the  view 
that  the  symptoms  are  due  to  the  multiplication  of  the  bacilli  apart 
from  toxic  production.  The  accounts  of  rapid  improvement  following 
on  injection  of  serum  in  the  human  subject  in  many  cases  would  be 
most  easily  explained  on  the  supposition  of  the  presence  of  antitoxic 
.substances.  It  is  on  this  account  that  Mendez  describes  his  serum  as 
“anthrax  antitoxin.” 

Preventive  Measures. — Eegulations  under  section  79  of  the  Factory 
and  Workshop  Act,  1901,  now  ajjply  in  premises  where  the  sorting 
and  combing  of  specially  dangerous  classes  of  wool  are  carried  on 
(Van  mohair,  mohair,  so-called  Persian,  alpaca.  Cashmere,  and  camel 
hair).  The  main  safeguard  rcf)uircd  is  localised  exhaust  ventilation  in  a 
downwarrl  flirection  by  means  of  a fan  at  the  perfoi'ated  tables  on  which 
oj)enirig  of  the  bales  and  sorting  of  the  wool  are  done.  Exhaust  ventila- 
tion must  be  applied  also  in  connexion  with  dust-extracting  apparatus. 
Other  necessary  provisions  arc: — (1)  the  burning  of  the  dust  so  col- 
lected ; (2)  washing  accommodation,  cloak-room,  and  meal-room  ; (3) 
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exclusion  of  persons  with  uncovered  cuts  or  sores ; (4)  requisites  for 
treating  scratches,  etc ; (5)  cleanliness  of  work-rooms  and  destruction  or 
disinfection  of  clippings  of  dead  skin ; and  (6)  exhibition  of  a notice 
describing  the  symptoms  and  pointing  out  the  necessity  fdV  prompt 
treatment.  In  warehouses  and  tan-yards  where  dry  hides  and  skins  im- 
ported from  China  and  the  West  Coast  of  India  are  manipulated  pro- 
visions (2)  to  (6)  apply  in  modified  form.  It  would  be  well  were  they 
adopted  in  all  premises  where  avooIs,  hairs,  hides,  horns,  etc.  of  foreign 
origin  arrive. 

Disinfection  of  dangerous  wool  by  steam  has  been  considered  im- 
practicable hitherto,  and  certainly  high  pressures,  such  as  are  commonly 
used  in  disinfecting  apparatus  in  this  country,  Avould  damage  the  material 
for  manufacturing  puri^oses,  except,  perhaps,  in  the  case  of  Persian  wool, 
which  is  of  a brown  colour.  No  doubt  the  immense  quantity  of  avooI 
to  be  dealt  with  has  so  far  prevented  thorough  inquiry  on  this  point, 
although  in  the  melange  printing  process,  in  order  to  obtain  certain  effects, 
mohair  is  submitted  to  steam  at  5 lbs.  pressure  for  twelve  hours  Avithout 
deti’iment.  Immersion  of  suspected  material  in  Avater  at  a tempei'ature 
of  210  ° F.  Avould  greatly  diminish  the  risk  in  subsequent  processes. 

After  thorough  investigation  in  the  Imperial  Health  Office  of  Berlin, 
disinfection  by  steam,  under  prescribed  conditions,  or  simple  boiling,  has 
been  accepted  as  practicable  in  the  case  of  horse-hair  and  bristles  (except 
Avhen  white  or  light-grey  in  colour).  If,  in  addition,  overalls  and 
gloves  are  Avorn  by  those  Avho  prepare  the  hair  for  disinfection,  risk  is 
very  slight.  Success  Avith  steam  disinfection  is,  hoAvever,  only  to  be 
secured  by  minute  care  in  detail — construction  and  regulation  of  the 
apparatus  so  that  the  current  saturated  steam  in  contact  Avith  the 
material  is  maintained  under  a pressure  of  1‘15  atmospheres  (17  lbs.), 
equivalent  to  a temperature  of  106°  C.  (220°  F.),  for  one  half-hour. 

Chemical  disinfectants  have  not  as  yet  been  applied  successfully  in 
the  industrial  use  of  wool,  horse-hair,  or  hides  and  skins.  There  is  no 
legal  poAver  to  prevent  importation  of  infected  material,  and  from  the 
Persian  Gulf  much  avooI  is  received  in  what  is  knoAvu  as  a “false-packed’’ 
condition,  i.e.  containing  inferior  and  dangerous  material  concealed  in 
the  fleeces.  Manufacturers  Avould  Avish  to  have  pressure  brought  to  bear 
on  the  consignees  of  material  at  the  place  of  shijjment,  so  as  to  compel 
them  to  keep  separate  the  inferior  and  “ fallen  fleeces  ” from  the  sound. 
A still  more  effective  pressure  would  be  refusal  on  the  part  of  the 
manufacturers  to  purchase  wool  from  shipping  agents  in  ports  Avhere 
“ false  packing  ” is  practised. 

Probably  inclusion  of  anthrax  as  one  of  the  industrial  diseases  to 
which  the  Workmen’s  Compensation  Act  applies,  will  lead  to  gi’eater 
care  in  buying,  and  stimulate  inquiry  as  to  more  effectual  precautions 
than  are  now  taken. 

In  view  of  the  greatly  increased  mortality  in  cases  in  Avhich  treatment 
is  delayed,  active  steps  should  be  taken  to  report  illness,  whatever  may 
be  its  nature,  among  persons  who  have  been  exposed  to  possible  anthiAix 
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infection ; further,  the  patient  should  be  visited  by  a medical  mau 
speciallv  appointed  for  this  -work,  who  should,  except  when  anthrax  can  be 
positively  excluded,  recommend  or  give  a full  dose  of  antianthrax  serum. 

The  ease  with  which  material  for  bacteriological  diagnosis  can  be 
obtained  without  opening  the  body  in  suspected  cases  of  death  from 
anthrax,  appears  to  us  to  make  it  unnecessary  now  to  carry  out  a full 
examination  of  the  viscera  in  all  cases,  unless  means  are  taken  to 
sterilise  the  blood  and  so  forth  before  they  enter  the  drain. 

John  Henry  Bell. 
Thomas  M.  Legge. 
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TUBERCULOSIS 

By  Sidney  Martin,  M.D.,  F.R.C.P.,  F.R.S.  Revised  by  W,  Cecil  Bosanquet, 

M.A.,  M.D.,  F.R.C.P. 

Tuberculosis  is  an  infective  disease,  iiroduced  by  the  Bacillus  tuber- 
culosis. It  occurs  as  a natural  disease  in  human  beings,  in  some  of 
the  domesticated  animals,  and  in  many  Avild  animals  Avhen  kept  in 
captivity.  A form  of  the  disease  is  met  with  even  in  cold-blooded 
animals  (fish,  blindvvorm,  turtle).  Tuberculosis  is  Avidely  preA’^alent 
in  the  human  race  and  in  cattle.  One-seventh  of  mankind  are  said  to 
die  of  tuberculosis,  but  in  this  country  the  proportion  is  not  noAv  so 
high.  Thus,  during  the  decade  1891  - 1900,  of  a total  of  5,575,37.5 
deaths  throughout  England  and  Wales,  616,006  Avere  due  to  tuberculosis 
— almost  exactly  1 in  9 ; Avhile  for  the  previous  decade  the  figures  Avero 
5,244,771  and  589,390  respectively,  a ratio  of  1 in  8'7.  The  mortality 
from  tuberculosis  has  declined  greatly  during  the  last  half-century,  and 
still  exhibits  a steady  decrease.  [For  fui’ther  details  see  Vol.  I.  p.  48.] 
The  prevalence  in  cattle  may  be  stated  as  varying  from  10  to  20  per 
cent  of  all  cows. 

Bacillus  Tuberculosis  (Koch,  1882). — In  nature,  so  far  as  is  knoAvn, 
the  bacillus  which  is  the  cause  of  tuberculosis  groAvs  only  in  the  bodies 
of  animals  aflected  Ijy  the  disease.  Outside  the  body  it  can  be  cultiA'^atsd 
in  specially  prepared  media,  but  it  does  not  occur  naturally  in  any 
particular  soil  or  medium.  It  consists  of  slender  rods,  varying  in  length 
betAveen  1'5  and  3’5 /i.  They  are  often  bent,  and  Avhen  long  may 
present  a beaded  appearance.  This  beaded  appearance  is  due  to  the 
jjresence  of  clear  areas  in  the  rod,  which  Avere  at  first  considered  by 
Koch  to  be  spores.  There  is,  lioAveAmr,  no  evidence  that  the  liacillus 
forms  spores  j and  it  is  improbable  that  it  does  so.  In  certain  circum- 
stances the  bacilli  may  groAV  into  much  longer  threads  Avhich  exhibit 
true  branching.  The  organism  is  therefore  to  be  regarded  botanically 
as  a streptothrix  (see  p.  302).  Irregular  in  volution- forms  also  occur. 
Certain  oval  bodies,  knoAvn  as  Schron’s  capsules  or  Cornet’s  spores, 
Avhich  are  found  in  chronic  caseous  foci,  appear  to  represent  degenerated 
bacilli. 
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Reaction  to  Stains. — The  bacillus  behaves  in  a characteristic  manner 
to  some  of  the  aniline  dyes.  It  takes  up  the  stain  of  fuchsiii  and  of 
gentian  violet  when  these  are  dissolved  in  an  alkaline  licjuid,  or  in  one 
containing  carbolic  acid  or  aniline ; and  the  colour  is  not  removed  by 
mineral  acids  up  to  25  ijer  cent  strength  or  by  alcohol.  The  most 
convenient  method  of  staining  tubercle  bacilli,  whether  in  the  sputum  or 
in  tissues,  is  to  use  a solution  of  fuchsin  dissolved  in  carbolic  acid,  as 
follows: — Fuchsin  1 gramme,  alcohol  10  c.c.,  5 per  cent  solution  of 
carbolic  acid  up  to  100  c.c.  A preparation  of  sputum  may  be  stained 
for  five  minutes  to  a quarter  of  an  hour  in  this  solution,  which  is  warmed 
till  the  steam  rises,  and  is  then  placed  in  a 25  per  cent  solution  of 
sulphuric  acid  until  it  is  decolorised.  As  a rule  this  takes  a minute  or 
two,  but  no  harm  comes  to  the  preparation  if  it  be  left  a quarter  of  an  hour 
in  the  acid.  It  is  then  well  washed  in  distilled  water,  to  get  rid  of  the 
excess  of  acid,  and  as  a rule  it  takes  on  a faint  jhiik  tinge.  It  miist  now 
be  counter-stained,  preferably  by  a dilute  solution  (1  to  2 per  cent)  of 
methylene  blue.  Half  to  one  minute  is  sufficient  for  this,  and  after 
washing  in  water,  the  preparation  is  ready  to  be  mounted.  For  sections 
of  tissues  it  is  best  to  stain  for  fifteen  minutes  in  the  warm  fuchsin 
solution,  after  sticking  the  preparation  on  the  cover-glass  or  slide.  After 
counter-staining  Avith  methylene  blue  the  section  is  to  be  dried  with  fine 
filter  - paper,  washed  rapidly  with  alcohol,  clarified  with  xylol,  and 
mounted  in  xylol-balsam.  By  this  method  the  tubercle  bacilli  are 
stained  red,  most  other  organisms  Avhich  may  be  present  being  decolorised 
by  the  acid.  These,  as  AveU  as  the  ground-tissue  and  cells,  are  stained 
blue  by  the  methylene  blue.  It  is  now  knovm  that  the  staining  reaction 
formerly  regarded  as  characteristic  of  the  B.  tuberculosis  is  manifested, 
more  or  less  exactly,  by  a considerable  number  of  organisms.  Of  these 
the  most  important  are  (1)  the  leprosy  bacillus;  (2)  the  smegma  bacillus, 
which  occurs  on  the  external  genitals  : and  (3)  bacilli  Avhich  grow  sapro- 
j phytically  on  various  gi-asses  (Timothy  bacillus,  grass  bacillus),  and  others 
which  are  found  in  milk,  in  butter,  and  in  the  dung  of  cattle.  Certain 
: forms  of  streptothrix,  found  in  rare  pathological  conditions,  are  also 
■ “ acid-fast  ” (saurefest).  Indeed,  some  thirty  different  organisms,  all  of 
which  behave  like  the  tubercle  bacillus  in  regard  to  aniline  dyes,  have 
been  described  by  various  Avriters  (Abbott  and  Gildersleeve). 

Gentian  violet  may  be  used  as  a stain  for  the  tubercle  bacillus,  the 
-specimen  being  fixed  Avith  iodine  solution  and  decolorised  Avith  alcohol 
(Gram’s  method) ; bismarck-brown,  eosin,  or  vesuvin  may  be  used  as  a 
counter -.stain.  This  method  gives  very  good  results;  but  the  other 
HArlich’s  method)  is  more  generally  serviceable. 

Cultitalir/n  of  the  Bacillus. — The  Bacillus  tuberculosis  groAvs  best  at  the 
temperature  of  the  body.  At  Ioav  and  high  temperatures  its  groAvth  is 
impeded  or  completely  stop[)cd.  The  range  of  temperature  at  Avhich  it 
'will  grow  is  between  28°  and  42’  0.  It  may  be  artificially  cultivated  by 
using  A-arious  media.  Solidified  blood-serum  is  the  best  for  obtaining 
the  bacillus  from  the  tissues,  and  Avas  the  one  used  by  Koch  in  his 
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first  research.  When  the  surface  of  the  solidified  blood -serum  is 
inoculated  with  pure  tuberculous  material,  and  the  tubes  are  kept 
at  a temperature  of  38°  C.,  no  growth  appears  as  a rule  during  the 
first  week,  but  after  7 to  10  days  white  specks  are  seen  on  the  surface  of 
the  serum,  which  appear  as  dry  Hakes  under  the  microscope.  The 
growth  extends  in  a circular  manner  from  these  foci ; and  the  older 
growths,  while  still  remaining  dry,  become  crinkled  and  folded,  presenting 
a very  characteristic  appearance.  The  growth  is  very  slow,  and  it  may 
be  weeks  before  it  covers  a large  area  of  surface. 

The  bacillus  may  also  be  grown  on  other  solid  media,  such  as  blood- 
serum  containing  gelatin,  or  peptone-agar  containing  4 to  8 per  cent  of 
glycerin.  On  peptone-agar  without  glycerin  the  bacillus  does  not  grow. 
Glycerin  not  only  aids  the  growth  in  solid  media,  but,  in  the  percentage 
mentioned,  stimulates  the  bacillus  to  grow  in  liquid  media,  such  as 
peptone  - bouillon.  It  can  also  be  grown  on  potato  in  sealed  tubes 
(Pawlowsky).  Grown  on  solid  media  the  bacillus  is  apt  to  lose  its 
virulence.  In  liquid  media  containing  glycerin  the  virulence  may  be 
maintained  somewhat  longer. 

The  action  of  direct  sunlight  is  fatal  to  the  bacillus.  This  was  first 
shewn  by  Koch,  and  has  been  confirmed  by  subsequent  observations. 
Oxygen  is  necessary  for  the  growth  of  the  bacillus. 

Acjglutinution. — Tubercle  bacilli  are  agglutinated  into  clumps  by  the 
action  of  serum  taken  from  a patient  suffering  from  tuberculosis.  This 
reaction,  however,  is  not  invariable,  and  may  be  exhibited  at  times  with 
serum  taken  from  healthy  persons. 

Chemical  Products. — But  little  is  known  of  the  chemical  bodies  which 
are  produced  by  the  Bacillus  btberculosis  in  its  growth.  Koch  separated 
a substance  called  “tuberculin,”  which  has  a specific  action.  It  is 
prepared  by  growing  the  bacilli  for  six  to  eight  weeks  in  a slightly  alkaline 
veal-broth,  containing  1 per  cent  of  peptone  and  4 to  5 per  cent  of 
glycerin.  After  cultivation  the  liquid  is  evaporated  to  a tenth  of  its 
bulk  and  filtered  through  porcelain ; this  filtrate  is  the  liquid  which  is 
called  tuberculin,  or  “old  tuberculin,”  to  distinguish  it  from  more  recent 
preparations  similarly  named ; it  contains  40  to  50  per  cent  of  glycerin, 
which  keeps  it  aseptic.  By  adding  alcohol  the  active  principle  is  pre- 
cipitated in  an  impure  state.  This  differs  from  most  other  bacterial 
products  in  resisting  a high  temperature,  even  the  boiling-point  of  water. 
The  specific  action  of  tuberculin  is  shewn  by  its  producing  a great 
rise  of  temperature  in  men  and  animals  infected  v/ith  tuberculosis, 
while  similar  small  doses  injected  into  healthy  individuals  produce  no 
rise  of  temperature.  The  fever  ensues  from  6 to  12  hours  after  the 
injection,  and  lasts  a varying  time — in  some  cases  24  hours,  in  others  48, 
or  even  longer.  Large  doses  may  produce  in  a tuberculous  individual 
or  animal  great  bodily  depression,  leading  to  collapse.  Dr.  W.  Hunter 
shewed  that  tuberculin  contained  albumoses,  which  are  probably  the 
cause  of  the  febrile  symptoms.  The  essential  toxin  is  probably  not  of 
a proteid  nature,  as  it  appears  to  be  formed  in  non-proteid  media 
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and  resists  a temperatui'e  at  Avhich  most  albuminous  bodies  are 
coagidated. 

Of  the  chemical  products  to  which  the  bacillus  gives  rise  in  the  body 
jiractically  nothing  is  known.  There  may  be  a substance  or  substjinces 
causing  caseation,  and  there  must  be  a chemical  body  which  produces 
the  fever.  These,  however,  have  not  been  satisfactorily  isolated. 
Prudden  and  others  found  that,  when  injected  into  an  animal,  the  dead 
bacilli  produced  local  inflammation  and  hyperplasia,  which  ended  in 
fibrosis  without  further  spread  of  the  disease.  Apparently  the  dead 
bacilli  contain  -within  them  poisonous  materials  (intracellular  toxins) 
capable  of  exciting  inflammation,  whereas  they  are  necessarily  incapable 
of  multiplication  within  the  body.  Drs.  Bulloch  and  Macleod  found 
that  the  bacilli  contained  a fatty  substance,  and  also  a form  of  wax, 
the  latter  being  responsible  for  the  peculiar  staining  properties  of  the 
organism.  The  fat  is  said  to  be  toxic  (Sciallero).  Ethereal  extracts  of 
the  bacilli  exert  a necrotic  action,  whereas  chloroform  extracts  lead  to 
fibrosis ; to  the  former  Auclair  assigns  the  property  of  causing  pulmonary 
consolidation,  while  Armand-Delille  has  shewn  that  it  can  produce  char- 
acteristic granidomas.  On  the  other  hand,  the  bodies  of  the  bacilli,  when 
deprived  of  fat,  are  still  toxic  (Cantacuzene). 

Koch’s  “ new  tuberculin  ” (TR)  is  prepared  by  grinding  up  cidtures  of 
the  bacilli  with  distilled  water.  The  first  quantity  of  the  resulting  fluid 
is  decanted  and  constitutes  “ oberer  tuberculin  ” (TO).  Fresh  amounts  of 
water  are  added  and  the  trituration  repeated  until  no  solid  residue 
remains,  this  solution  of  the  organisms  constituting  the  new  tuberculin. 

Avian  Tuberculosis. — Tuberculosis  is  found  as  a natural  disease  in 
fowls,  pheasants,  pigeons,  turkeys,  peacocks,  and  other  birds  which  are 
kept  in  captivity.  The  bacillus,  which  has  been  separated  fi’om  the 
lesions  produced,  differs  in  some  respects  from  that  found  in  cattle  and  in 
human  beings.  It  is  stained  in  the  same  manner  by  fuchsin,  and  may  be 
grown  in  the  same  media  as  the  human  and  bovine  strains  of  the  Bacillus 
tuberculosis ; but  it  differs  in  that  it  is  more  vigorous  and  resistant. 

This  bacillus  grows  luxuriantly  at  a temperature  of  43°  C.,  at  v'bich 
the  human  and  bovine  Bacillus  tuberculosis  will  not  gi-ow  — a feature 
' corresponding  apparently  with  the  much  higher  body -temperature  of 
birds.  The  appearance  of  the  cultures  is  also  different ; instead  of  being 
dry  and  crinkled  they  are  moist  and  soft.  The  results  of  inoculation 
also  differ:  in  guinea-pigs  and  rabbits  the  inoculation  of  the  human 
bacillus  produces  a spreading  disease,  which  eventually  invades  most 
of  the  organs  of  the  lx)dy,  whereas  the  bacillus  of  avian  tubercnlosis 
■ produces  in  the  guinea-pig  a local  disease  which  docs  not  spread  to 
the  internal  organs.  Dogs  are  immune  to  avian  tuberculosis,  lint  they 
can  be  infected  by  large  doses  of  human  and  bovine  bacilli ; on  the  other 
hand,  the  hen  usually  cannot  be  infected  with  human  or  with  bovine 
tuberculosis.  Although  from  these  statements  it  would  ap])car  that  avian 
tubercTilosis  is  not  the  same  disease  as  Itovinc  or  human  tnbcrcnlosi.s,  yet 
there  are  some  facts  which  show  that  it  is  a modified  foi-m  of  that 


262 


SyST£A/  OF  MEDICINE 


disease.  Thus,  it  has  been  shewn  that  inoculation  of  human  tuberculosis 
into  fowls  sometimes  succeeds,  and  when  it  does,  reinoculation  is  also 
successful.  Instances  of  infection  of  hens  resulting  from  the  ingestion  of 
human  sputum  are  also  recorded.  Moreover,  when  a slight  lesion  is 
produced  in  guinea-pigs  by  the  inoculation  of  avian  tuberculous  material, 
the  transmission  from  guinea-pig  to  guinea-pig  results  in  the  char- 
acteristic spreading  disease  which  is  observed  after  the  inoculation  of 
human  tuberculosis  (Nocard).  This,  perhaps,  is  even  more  evident  in 
rabbits  than  in  guinea-pigs. 

Bovine  and  Human  Tuberculosis. — Much  controversy  has  raged 
round  the  question  of  the  identity  or  diversity  of  the  organisms  which 
produce  disease  in  mankind  and  in  bovine  animals  respectively,  since 
Koch’s  pronouncement  (1901)  that  human  tuberculosis  cannot  be  trans- 
mitted to  cattle  and  that  bovine  disease  is  not  dangerous  to  man.  The 
bacilli  separated  from  tuberculous  lesions  in  man,  in  cows  and  pigs,  and 
in  all  other  domesticated  animals  except  birds,  are  practically  indistinguish- 
able. They  have  the  same  appearance  microscopically ; they  react  in  a 
similar  manner  to  stains ; in  artificial  cultivation  they  grow  in  a similar 
manner,  and  when  inoculated  into  animals  the  disease  produced  is  in  all 
cases  alike  both  anatomically  and  in  its  mode  of  distribution.  There  are 
indeed  some  differences  in  the  manner  in  which  tuberculosis  affects  the 
human  being  and  affects  the  cow ; but  no  absolute  distinction  exists. 
Thus  in  cattle  the  bacilli  are  found  present  in  closely  packed  masses,  and 
tuberculosis  of  serous  membranes  assumes  the  peculiar  shape  of 
pedunculated  nodules  (“  grapes  ”).  Similar  formations  are  occasionally 
met  with  in  mankind  (Besse,  MacCallum) ; while  in  children  masses  of 
bacilli,  resembling  those  seen  in  bovine  tubercle,  may  sometimes  be  found  in 
tuberculous  lesions.  It  has  now  been  proved  by  the  experiments  of  many 
observers  that  cattle  can  be  infected  with  bacilli  derived  from  human 
sputum.  The  converse  experiment  of  inoculating  human  beings  Avith 
bovine  tubercle  cannot  be  legitimately  tried,  but  instances  of  accidental 
inoculation  in  veterinary  surgeons  and  butchers  are  not  very  rare,  and 
some  Avriters  maintain  that  tuberculosis  in  infants  and  young  children  is 
mainly  due  to  infection  derived  from  milk  (Behring,  EaAv). 

On  the  Avhole  it  seems  probable  that  all  forms  of  tuberculosis,  in  man 
and  animals,  are  produced  by  the  same  organism,  modified  by  the  special 
environment  in  which  it  exists  in  different  hosts.  All  pathogenetic 
varieties  give  rise  to  the  same  product,  tuberculin,  and  inoculation  AA’ith  one 
form  appeal’s  to  confer  some  degree  of  immunity  against  the  others.  The 
relationship  betAA^een  the  pathogenetic  form  and  the  other  acid  - fast 
bacilli  is  uncertain,  but  is  probably  close.  The  latter  may  be  provisionally 
regarded  as  diflerent  species  of  the  same  genus,  Avhereas  the  difierent 
pathogenetic  organisms  seem  to  be  A’arieties  of  the  same  species. 

Lesions  produced  by  the  Bacillus  Tuberculosis.  — WhereA^er  the 
Bacillus  tuberculosis  groAvs  in  the  animal  body  it  produces  a lesion  Avhich 
has  certain  definite  characteristics;  and  it  is  necessary  to  study  this 
le.sion  before  avc  consider  the  distribution  of  the  disease  in  individual 
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cases,  01-  its  mode  of  extension.  The  lesion  consists  of  small  whitish 
noilules,  which  may  bo  more  or  less  numerons,  and  by  their  aggi-egation 
may  form  large  masses.  Each  of  the  small  primary  lesions  is  called  a 
granuloma  or  a miliary  tubercle.  Either  singly  or  fused  into  masses 
they  undergo  retrogressive  changes  by  which  their  original  structure  is 
completely  lost;  the  chief  of  these  is  caseation,  fatty  degeneration  or 
necrosis  of  the  cells  forming  the  tubercle.  The  caseated  matter  may 
soften  and  be  discharged,  or  it  may  calcify.  The  second  change  Avhich 
occurs  in  the  tubercle  is  fibrosis ; it  is  frequently  associated  with 
]>igmentation.  The  primary  lesion,  the  grey  granuloma,  is  composed  of 
cells,  and  throughout  its  Avhole  extent  is  non-vascular — a point  of  some 
importance  in  the  explanation  of  the  degenerative  changes  which  occur. 

Microscopical  Appearances. — According  to  the  size  of  the  cells  which 
compose  the  grey  granuloma,  a small-celled  and  a large-celled  tuberculous 
nodule  may  be  distinguished.  The  small-celled  granidoma  consists  of 
mononuclear  cells,  derived  from  the  leucocytes  of  the  blood  and  lymph. 
The  large-celled  tubercle  consists  in  the  main  of  so-called  epithelioid 
cells — cells  which  have  a definite  outline,  are  roughly  ovoid,  and  are 
often  compressed.  These  cells,  especially  in  the  early  stages  of  the 
formation  of  the  tuberculous  nodule,  frequently  shew  the  phenomenon  of 
karyokinesis,  that  is,  a division  of  their  nucleus  with  a star-shaped  figure 
at  each  end.  This  change  is  also  observed  in  the  endothelial  cells  of  the 
blood-vessels.  Giant-cells  are  present  both  in  small-celled  and  large- 
celled  tubercle ; they  vary  in  size,  and  present  the  common  characteristic 
of  a large  number  of  nuclei  at  the  periphery.  The  nuclei  are  oval,  and 
usually  are  not  distributed  evenly  round  the  periphery  of  the  cell.  In 
most  cases  they  are  collected  to  one  side,  and  they  are  not  infrequently 
two  rows  deep.  Between  the  epithelioid  cells  there  is  sometimes  a fine 
reticulum,  as  in  lymphoid  tissue,  and  there  is  a serous  or  fibrinous  exuda- 
tion from  the  blood-vessels.  The  number  of  small  cells  present  in  the 
tuberculous  nodule  varies ; and,  according  to  Baumgarten,  the  migration 
of  leucocytes  occurs  earliest  when  there  has  been  an  injury  to  the  tissue. 
They  collect  round  the  periphery  of  the  tubercle.  Baumgarten  considers 
(and  his  opinion  has  been  accepted  by  most  pathologists,  including  the 
German  school)  that  the  first  change  in  the  formation  of  the  grey 
granuloma  is  the  proliferation  of  the  fixed  tissue-cells,  to  form  the  so- 
Cfdled  epithelioid  cells ; and  that  the  migration  of  leucocytes  is  a sub- 
sidiarj'  phenomenon,  occun-ing  at  a later  period.  Tliis  view  is  combated 
by  MetchnikofF,  who  considers  that  the  tuberculous  nodule  “ is  composed 
of  a collection  of  phagocytes,  me.sodermic  in  origin,  which  move  towards 
the  s\X)t  where  the  bacilli  are  situated,  and  englobe  them.”  Thus,  in  the 
liver,  if  the  tuberculous  nodule  be  examined  shortly  after  its  formation 
in  exj>erimcnt'il  tuberculosi.s,  it  is  found  that  the  epithelioid  and  giants 
cells  arc  formed  by  the  large  mononuclear  leucocytes  and  cells  derived 
from  the  vascular  eriflothelimn,  and  that  the  hepatic  cells  take  no  part  in 
the  formation  of  the  tubercle.  lie  makes  a similar  statement  with 
regard  to  the  lungs.  The  leucocytes  present  in  the  tuberculous  nodule 
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are  almost  all  mononuclear.  Polymorphonuclear  leucocytes  are  present, 
and  take  into  their  substance  tubercle  bacilli,  but  they  soon  die,  being 
eaten  by  the  mononuclear  phagocytes  (macrophages).  These  macrophages 
can  destroy  the  tubercle  bacilli. 

Retrogressive  Changes  of  the  Tuberculous  Lesion. — Caseation. — The 
first  and  chief  retrogressive  change  which  occurs  is  caseation  ; as  the 
tubercle  is  a non-vascular  collection  of  cells,  and  is  prone  to  unite  Avith 
similar  tubercles  in  the  neighbourhood,  thus  forming  a large  non-vascular 
mass,  death  of  the  parts  farthest  removed  from  the  blood-vessels  would 
be  likely  to  occur,  as  in  an  infarct,  where  the  blood-supply  to  a portion 
of  the  tissue  has  been  cut  off  by  blocking  of  the  artery  supplying  it. 
It  is,  however,  more  probable  that  caseation  is  a specific  action  of  the 
Bacillus  tuberculosis  itself.  Apparently  a chemical  substance  is  secreted 
by  the  bacillus  which  kills  the  cells ; in  any  case  it  is  certain  that  many 
of  the  cells  containing  tubercle  bacilli  die  and  become  completely 
degenerated.  This  is  seen  even  in  very  small  miliary  granulomas. 
According  to  Baumgarten,  the  death  of  the  leucocytes  occurs  first,  and 
then  that  of  the  epithelioid  cells  ; while  the  giant-cells  are  themselves  in 
a state  of  defective  vitality,  so  that  they  do  not  undergo  division  into 
daughter -cells,  as  the  presence  of  numerous  nuclei  in  their  substance 
would  suggest.  The  central  parts  of  these  cells  often  die  first,  and  it  has 
been  suggested  that  the  nuclei  take  up  a position  at  the  periphery  as 
being  the  zone  where  nutriment  is  most  plentiful. 

Microscopical  examination  shews  very  various  appearances.  In  the 
early  stages  of  the  death  of  the  cell  the  protoplasm  becomes  granular  and 
fatty,  and  finally  breaks  down ; the  nuclei  lose  their  oval  form,  becoming 
shrivelled  and  broken  up  into  irregular  masses,  which  even  a long  time 
after  the  cell  has  disappeared  take  up  the  stains  of  logwood  and  methylene 
blue.  Where  a number  of  cells  of  the  tubercle  have  undergone  casea- 
tion, forming  a mass  of  perhaps  a quarter  of  an  inch  in  diameter,  no 
structure  is  apparent  in  the  centre  of  the  caseated  area ; a few  darkly 
stained  spots  represent,  perhaps,  the  remains  of  the  nuclei,  and  the  fine 
granules  are  chiefly  fatty  matter.  Towards  the  periphery  of  the 
caseated  patch,  however,  nuclei  are  seen,  which  present  a shrivelled 
appearance,  and  are  beginning  to  break  up  into  small  particles.  Around 
the  caseated  area  the  appearances  vary  according  to  the  stage  of  the 
tuberculosis.  There  is  more  or  less  fibrosis,  with  infiltratio!i  by 
leucocytes ; and  there  may  be  outlying  tuberculous  nodules  which  pre- 
sent the  appearances  previously  described.  The  caseated  nodules  by 
joining  together  produce  laige  tuberculous  masses,  especially  in  bovine 
tuberculosis.  The  softening  of  the  caseated  matter,  and  its  expulsion 
through  the  bronchial  tubes,  may  result  in  the  formation  of  a cavity  in 
the  lungs  ■,  a similar  process  may  give  rise  to  an  ulcer  on  a mucous 
membrane,  or  to  a tuberculous  abscess  or  fistula  in  other  parts. 

Calcification  is  a retrograde  change  in  the  tubercle  which  occurs  after 
caseation.  The  actual  deposition  of  the  phosphate  of  lime,  which  is  the 
chief  component  of  the  calcareous  matter,  has  been  attributed  to  the 
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diminution  in  the  amount  of  carbonic  acid  at  the  spot  where  it  occurs. 
It  is  observed  in  old  tuberculous  lesions  in  man,  cattle,  and  pigs,  but  not 
in  guinea-pigs  or  in  rabbits,  and  very  rarely  in  the  horse.  It  occurs, 
therefore,  in  animals  in  which  tuberculosis  may  take  a very  chronic 
course.  It  is  difficult  to  state  the  earliest  period  at  which  calcification 
may  occur,  but  in  experimental  tuberculosis  in  the  pig  it  has  been  observed 
as  ejirly  as  106  days  after  infection. 

Microscopically,  calciireous  matter  is  seen  deposited  in  the  form  of 
gmnules  in  the  cells.  It  is,  however,  not  infrequently  in  the  form  of  a 
nodule,  which  by  treatment  with  acid  shews  concentric  rings,  as  in  a renal 
calculus  (Schiippel).  In  experimental  tuberculosis  in  the  Algerian  rat 
(Meriones),  an  animal  which  is  very  refractory  to  the  disease,  Metchnikofi' 
found  bodies  similar  to  those  described  by  Schiippel  as  occuri'ing  in 
human  tuberculosis,  and  observed  their  mode  of  formation  in  various 
specimens.  They  are,  in  short,  the  results  of  the  degeneration  of  the 
tubercle  bacillus  in  the  interior  of  the  giant-cell.  In  the  coixrse  of  the 
disease,  which  is  extremely  slow  in  its  progress,  the  bacilli  become 
surrounded  within  the  cell  by  concentric  layers  of  an  amoiqxhous, 
colourless  substance,  which  eventually  becomes  impregnated  with  phos- 
phate of  lime.  The  concentric  membranes  are  not  affected  by  alkalis, 
and  do  not  give  a red  colour  -with  Millon’s  reagent ; but  they  are  dissolved 
by  concentrated  acids.  They  appear  to  be  composed  of  a substance 
similar  to  that  enveloping  the  tubercle  bacillus.  The  bacillus  inside  the 
concentric  layers  degenerates,  so  that  although  at  first  it  takes  the  stain 
of  fuchsin  or  gentian  violet,  in  the  later  stages  it  does  this  very  imper- 
fectly, and  finally  not  at  all.  These  observations  appear  to  shew  that 
the  concentric  bodies  are  really  part  of  the  products  of  the  fight  between 
the  bacillus  and  the  giant^cell. 

Calcification  is  one  of  the  modes  by  which  tubercle  heals,  as  the 
completely  calcified  lesion  is  no  longer  infective.  It  does  not  difter 
essentially  from  the  calcification  which  affects  foreign  bodies  (parasites) 
or  other  degenerated  tissue,  such  as  atheromatous  arteries  or  old  uterine 
myomas. 

Fihrom  is  a second  mode  of  healing  of  the  tuberculous  nodule.  It 
occurs  at  the  periphery  of  the  nodule,  and  is  the  result  of  the  inflammation 
set  up  by  the  presence  of  the  grey  granuloma.  It  occurs  in  chronic 
tuberculosi.s,  and  is  very  evident  in  cases  xvhere  the  tissue  has  been  injured. 
Thus,  in  the  local  lesion  following  the  injection  of  tuberculous  material 
under  the  skin,  fibrosis  is  extensively  produced  ; also  in  parts  which  aie 
exposed  to  friction,  as  in  joints,  when  they  are  infected  by  tuberculosis. 
Pigmenlation  frequently  accompanies  fibrosis,  and  is  due  to  lu'emoglobin 
derived  from  blood-corpuscles  which  have  escaped  from  the  congested 
blood-ve-ssels.  It  may  occur  around  the  miliary  granulomas,  when  these 
have  been  surrounded  by  a zone  of  congestion.  Thus,  in  the  peritoneum 
and  lung  it  is  not  infrequently  observed  that  a small  grey  granuloma  is 
surrounded  by  a bluish  ring  of  pigment  and  by  fibrous  tissue. 

Lesions  of  various  Parts  as  they  occur  in  Tuberculosis. — The 
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tuberculous  lesion  has  the  structure  just  described,  in  whatever  part  of 
the  body  it  may  be  found ; but  the  appearances  vary  according  to  the 
arrangement  of  the  primary  lesions,  to  the  degree  of  the  degenerative 
changes  present,  and  also  to  the  presence  or  absence  of  coincident  non- 
tuberculous  changes. 

The  Lungs  and  Pleurce. — In  the  lungs  tuberculosis  may  occur  either  in 
the  acute  or  caseous  miliary  form,  in  the  chronic  form,  or  in  a form  in 
which  fibrosis  is  the  chief  element. 

(a)  Acute  Miliary  Tuberculosis. — This  is  secondary  to  a primary  focus 
elsewhere  in  the  body.  The  naked-eye  appearances  are  those  of  miliary 
granulomas  scattered  more  or  less  uniformly  throughout  the  substance  of 
the  lung.  Some  of  the  granulomas  may  shew  central  caseation.  The 
lung-tissue  itself  is  generally  congested,  and  there  may  be  distinct  zones 
of  congestion  round  the  tuberculous  nodules,  especially  when  beneath  the 
pleura.  Patches  of  collapse  and  emphysema  are  also  frequently  observed. 

A slightly  less  acute  process  in  which  the  tubercles  are  large  and 
apt  to  blend  together  into  masses — “ racemose  patches  ” — may  be  called 
acute  caseous  tuberculosis,  and  forms  a connecting  link  with  the  next 
variety. 

{b)  Chronic  Pulmonary  Tuberculosis. — The  most  advanced  stage  of  the 
disease  is  at  the  apex  of  the  lung,  and  here  is  found  a cavity,  or  a series 
of  cavities,  varying  in  size  and  shape,  and  surrounded  by  pigmented 
fibrous  tissue,  shewing  the  chronic  character  of  the  lesion.  In  very  old 
cavities  the  wall  is  smooth,  but  in  more  recent  (although  still  chronic) 
examples  the  walls  may  be  lined  by  a cheesy  material,  and  numerous 
cavities  may  be  joined  together,  forming  sinuous  tracks  in  the  upper  part 
of  the  lung.  Below  the  cavity,  in  the  upper  lobes  and  to  a varying  extent 
in  the  lower,  the  more  recent  deposits  of  tubercle  are  seen,  consisting  either 
of  miliary  granulomas,  uniting  into  racemose  patches  and  commencing  to 
degenerate,  or  of  quite  recent  cavities,  full  of  a soft,  yellowish,  cheesy 
material  formed  by  the  complete  degeneration  of  the  racemose  patch. 
The  racemose  patches  are  not  only  in  the  substance  of  the  lung,  but  near 
the  surface,  on  which  they  may  form  slight  projections ; on  section 
they  may  bo  wedge-shaped  like  an  infarct,  shewing  that  they  were  formed 
either  by  infection  through  a terminal  artery  or  by  inhalation  through  a 
bronchial  tube.  Both  lungs  may  be  affected,  and  the  extent  of  the  recent 
tuberculosis  is  usually  greater  in  the  lung  which  was  first  affected  than  in 
the  other.  In  this  form  of  tuberculosis,  therefore,  there  are  evidences  of 
a chi’onic  lesion  which  has  lasted  a long  time — it  may  be  years — with  a 
subsequent  acute  outbreak  of  tuberculosis  below  the  chronic  lesion ; such 
acute  extensions  are  constantly  occurring  during  life,  and  in  one  of  these 
death  may  ensue.  The  bronchial  glands  also  are  usually  affected  by 
tuberculosis  in  the  manner  presently  to  be  described. 

The  process  appears  to  originate  as  an  inflammation  either  of  the 
mucous  membrane  of  the  smallest  bronchioles,  or  of  the  connective  tissue 
surrounding  them  (peribronchiolitis).  It  is  supposed  that  the  non-niotile 
bacilli  are  canned  through  the  superficial  epithelium  by  the  action  of 
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leucocytes  or  of  amoeboid  interstitial  cells.  The  infection  subsequently 
extends  by  the  lymphatic  channels.  The  pulmonary  tissue  between  the 
tubercles  is  affected  by  catarrhal  inflammation  (bronchopneumonia),  the 
intra  - alveolar  products  thus  formed  undergoing  subsequent  caseation 
together  with  the  interstitial  inflammatory  tissue. 

The  pleura  may  be  affected  in  two  ways : either  as  a result  of  an 
extension  of  the  form  of  disease  described  above  j or  primarily,  although 
this  is  rare  in  man.  Tuberculosis  of  the  pleura  in  its  early  stage  is 
shewn,  as  a rule,  by  the  growth  of  miliary  granulomas  beneath  the 
pleiu-a,  and  subsequently  by  the  development  of  a large  amount  of  fibrous 
tissue ; in  some  cases,  however,  the  tuberculosis  leads  to  pus-formation 
and  the  production  of  an  empyema.  Some  cases  of  empyema  that  occur 
in  chronic  pidmonary  tuberculosis  are  probably  not  directly  tuberculous, 
although  this  is  not  quite  clear ; but  in  the  majority  of  cases  the  pus- 
formation  must  be  ascribed  directly  to  the  presence  of  the  tuberculous 
lesions  in  the  lung.  Extension  of  a tuberculous  cavity  by  ulceration  into 
the  pleural  sac,  at  a point  where  no  previous  adhesion  of  the  two  layers 
of  pleura  has  occurred,  may  give  rise  to  pneumothorax  or  pyopneumo- 
thorax. 

Besides  non-tuberculous  empyema,  there  are  other  associated  lesions  in 
chronic  pulmonary  tuberculosis.  Pneumonia  may  occur,  as  in  a healthy 
lung ; and  in  patients  dying  of  chronic  pulmonary  tuberculosis  broncho- 
pneumonia and  collapse  are  frequently  found  situated  between  the  tuber- 
culous lesions.  The  occurrence  of  bronchopneumonia  in  the  course  of 
advancing  tuberculosis,  or  just  before  death,  may  sometimes  be  due  to  the 
inhalation  of  irritant  bodies  in  the  sputum,  quite  apart  from  tuberculous 
infection. 

Dry  pleurisy,  occurring  in  the  course  of  tuberculosis,  is  usually  tuber- 
culous, and  is  associated  with  the  presence  of  tubercles  on  the  pleura ; 
effusion  may  result,  the  liquid  of  which  may  not  contain  tubercle  bacilli ; 
but  even  in  this  case  the  pleurisy  is  usually  tuberculous.  The  opinion  is 
gaining  ground  that  the  majority  of  all  cases  of  pleurisy,  both  “ dry  ” and 
exudative,  which  are  apparently  primary,  no  disease  of  the  lung  being  at 
the  time  discoverable,  are  tuberculous  in  nature. 

Tuberculous  cavities  may  become  secondarily  infected  by  pyogenetic 
cocci,  and  occasionally  by  various  moulds  (aspergillus,  rmcor).  Gangrene 
of  the  lung  .sometimes  occurs,  a.ssociated  with  thrombosis  of  the  vessels 
anf]  infection  of  the  dying  tissue  by  micro-organisms  which  are  inhaled 
through  the  bronchial  tubes. 

(c)  Camma  Fneumonia. — The  great  majority  of  the  cases  described 
under  the  hemling  Caseous  Pneumonia  are  tuberculous.  They  present  a 
very  different  appearance  from  that  which  has  been  described  as  occurring 
in  chronic  tuberculosis.  There  is  more  or  less  uniform  con-solidation  over 
a grejiter  or  less  area  of  the  lung,  and  in  what  appears  to  be  the  less 
advanced  stage  of  the  disease  the  surface  is  grarmlai-  on  section,  present- 
ing a whitish -yellow  appearance.  In  other  parts  there  is  caseation. 
K-irely  a similar  condition  may  be  brought  about  by  other  micro- 
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organisms  (pseudo-tuberculosis, pp.  290, 317),  diagnosis  being  only  rendered  1 
certain  by  the  discovery  either  of  the  tubercle  bacillus  or  of  other  fungi  I 
alone  in  the^  diseased  tissue.  Tuberculous  pneumonia  occurs  as  a sequel  1 
to  a primary  focus  either  in.  the  apex  of  the  lung  or  elsewhere.  I 

(cf)  Fibroid  Tuhcrndom. — Fibroid  tuberculosis  occurs  in  three  forms — I 
as  a localised  nodule  at  the  apex  of  the  lung,  as  fibrosis  of  an  area  of  lung  I 
affected  by  miliary  tuberculosis,  or  as  a slowly  spreading  fibrosis,  I 
associated  with  very  chronic  tuberculosis,  lasting  many  years.  Fibrosis  I 
is  a feature  in  all  cases  of  chronic  tuberculosis  of  the  lungs,  and  is  the  I 
mode  by  which  the  tuberculous  focus  is  encapsuled  and  infection  of  I 
neighbouring  or  other  jJai'ts  prevented.  The  fibroid  patches  that  are  1 
not  uneommonly  found  at  the  apex  of  the  lung  are  a form  of  what  is  1 
called  retrograde  or  obsolescent  tubercle.  Nodules  varying  in  size  from  I 
half  an  inch  to  an  inch  in  diameter  are  seen,  which  on  section  shew  a I 
periphery  formed  of  dense  fibroid  and  ]ngmented  tissue,  frequently  I 
puckering  the  surface  of  the  lung ; and  a centre,  which  is  usually  ’ 1 
calcareous  and  may  contain  caseated  matter.  Where  there  is  caseated  I 

matter  tubercle  bacilli  are  to  be  found  as  a rule,  although  they  are  scanty  I 

and  stain  badly  with  fuchsin,  shewing  that  they  are  degenerated.  Such  I 

fibrous  nodules  are  but  rarely  infective.  In  three  cases  in  which  they  1 

were  removed  from  the  lung  antiseptically,  and  introduced  subcutaneously  I 
into  guinea-pigs,  no  tubei’culosis  resulted  (S.  Martin).  Fibrosis  of  a 1 
portion  of  the  lung,  usually  the  upper  part,  which  has  been  affected  with  1 
miliary  tuberculosis  without  caseation,  is  not  a common  event ; but  it  is  I 
sometimes  observed  in  post-mortem  examinations,  when,  as  a rule,  recent 
tuberculous  lesions  are  found  elsewhere.  The  part  of  the  lung  affected 
presents  a dark  appearance,  is  somewhat  contracted,  and  is  very  tough ; 
microscopically  the  alveolar  structure  is  almost  completelj^  destroyed  by 
the  interstitial  fibrosis,  and  the  places  where  miliary  granulomas  existed 
are  recognised  by  the  indistinct  appearance  of  nodules  completely  trans- 
formed into  ingmented  fibrous  tissue. 

The  form  of  disease  to  which  the  term  fibroid  tuberculosis  is  applied 
clinically  is  that  in  which,  as  a result  of  a very  slowly  progressing  disease, 
extending  perhaps  over  many  years  and  usually  limited  to  one  lung,  there  '■ 
is  extensive  formation  of  fibrous  tissue  round  the  tuberculous  lesion  or  « 

cavity,  from  which  fibrosis  spreads  into  the  rest  of  the  lung.  Associated  ^ 

with  it,  and  as  a result  of  the  contraction  of  the  fibrous  tissue,  there  is 
extensive  bronchiectasis.  At  the  time  when  the  lung  is  examined  after  ' 
death  there  may  be  little  or  no  evidence  that  it  is  tuberculous,  inasmuch  as 
all  caseous  material  may  have  disappeai’ed,  and  the  lung  be  one  series  of 
cavities,  some  of  which  are  tuberculous,  but  most  of  Avhich  are  bronchi- 
ectatic ; these  are  surrounded  by  dense  strands  of  connective  tissue  in 
which  no  trace  of  tubercle  is  discoverable.  There  is  no  other  primary 
chronic  disease  that  produces  this  condition  of  lung  except  tuberculosis, 
the  fibrosis  and  bronchiectasis  resulting  from  pneumonia  being  loctdiscd, 
and  not  as  a rule  extending  beyond  the  original  limits  of  the  acute 
disease ; while  that  associated  with  the  inhalation  of  foreign  particles 
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(pneumoconiosis)  is  bilateral  in  distribution.  Besides  bronchiectasis,  the 
contraction  of  the  scar-tissue  found  in  fibroid  tuberculosis  may  give  rise 
to  displacement  of  the  heart,  to  contraction  of  one  side  of  the  thorax,  and 
to  resulting  curvature  of  the  spine. 

Tuberculosis  of  the  larynx  is  almost  invariably  secondary  to  disease  of 
the  lungs,  the  infection  being  conveyed  by  the  sputum  in  its  passage 
over  the  inter-arytjenoid  space.  This  region  and  the  vocal  cords  are  the 
structures  most  frequently  attacked,  but  the  epiglottis,  the  arytseno- 
epiglottideair  folds,  and  the  ventricular  bands  are  also  liable  to  suffer. 
The  tuberculous  process  in  the  submucous  tissue  causes  considerable 
swelling  of  the  affected  structures  ; ulceration  generally  ensues,  the  ulcers 
having  somewhat  ragged  edges  and  granular  floors  on  which  caseous 
particles  may  be  visible.  In  the  rare  instances  in  which  the  larynx  is 
affected  primarily  the  infection  must  either  be  conveyed  by  the  blood- 
stream or  result  from  direct  inhalation  of  bacilli. 

The,  peritoneum  is  affected  in  two  forms  : either  as  part  of  a general 
disease,  or  as  a result  of  intestinal  infection.  When  tuberculous  jjeri- 
tonitis  is  part  of  a generalised  tuberculosis  the  appearances  are  those  of 
numerous  miliary  granulomas  scattered  over  both  the  visceral  and  parietal 
peritoneum.  They  vary  in  number,  and,  if  of  long  standing,  are  surrounded 
bv  a zone  of  pigment.  Chronic  tuberculous  peritonitis  is  a result  of  in- 
testinal tuberculous  infection,  but  there  may  or  may  not  be  a local  lesion 
in  the  intestinal  mucous  membrane.  In  well-marked  tuberculous  ulcera- 
tion of  the  intestines  there  is  very  frequently  a deposit  of  miliary  granu- 
lomas in  the  peritoneum  over  the  ulcers,  which  is  congested  at  the  spot 
or  covered  with  a bttle  lymph.  But  in  children  especially,  intestinal 
tuberculous  infection  may  lead  to  a generalised  peritonitis.  This  is 
associated  with  enlargement  and  caseation  of  the  mesenteric  glands 
(“tabes  mesenterica ”),  shewing  that  the  course  of  infection  Avas  from  the 
intestines.  The  peritoneum  itself  is  no  doubt  in  the  early  stages  covered 
with  miliary  granulomas,  although  this  stage  of  the  disease  is  not  often 
seen  post  mortem.  When  the  disease  becomes  developed,  the  miliary 
granulomas  have  greatly  increased  in  number,  and  have  united,  especially 
in  the  great  omentum  ; and  the  gi'eat  fibrosis,  resulting  from  the  presence 
of  the  tubercles,  produces  bands  of  thickened  peritoneum  stretching  across 
the  alxlomen,  binding  the  intestines  together  and  frecpiently  distorting 
them.  As  in  the  pleura  Avhen  it  is  infected  by  tuberculosis,  effusion  may 
occur,  Avhich  may  be  either  a nearly  clear  straw-coloured  liquid  or  pus. 
The  pus  may  be  bound  down  by  adhesions  and  form  a localised  abscess. 
Such  absce.s.ses  may  extend  through  the  abdominal  wall  or  into  the 
intestine  ; if  perforation  takes  place  in  both  directions,  a ffecal  fistula  will 
result. 

Mminyes. — The  pia  mater  is  affected  with  acute  miliary  tuberculosi.s, 
either  as  yxirt  of  a generalised  tuberculosis,  or  by  infection  from  an  active 
fwus  elsewhere — for  example,  the  joints,  lungs,  or  intestines.  The  granu- 
lomas which  occur  are  very  small  ; they  are  seen  in  the  interpeduncular 
space,  and  are  situated  along  the  ve.s.sels  running  into  the  Sylvian  fissures. 
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They  are  present  also  in  the  lymphatic  sheaths  of  the  vessels  -which  enter 
the  brain  from  the  pia  mater,  and  they  may  extend  backwards  from  the 
interpeduncular  space  into  the  part  of  the  membrane  lying  in  the  trans- 
verse fissure  of  the  brain.  Pus  is  not  infrequently  present  in  the  inter- 
peduncular space,  and  is  in  most  cases  limited  to  the  base  of  the  brain. 
The  formation  of  pus  is  due  to  the  action  of  the  tubercle  bacillus  itself ; 
there  is  usually  no  secondary  infection  by  pyogenetic  cocci  in  tuberculous 
meningitis. 

In  the  brain  tuberculosis  takes  the  form  of  nodules  varying  in  size 
from  a line  to  an  inch  in  diameter,  almost  completely  caseated,  and 
usually  surrounded  by  a capsule  of  unpigmented  fibrous  tissue.  The 
nodules  are  quite  discrete,  and  the  caseated  matter  on  section  presents  a 
l^eculiar  greenish-yellow  appearance.  It  is  quite  firm,  and  tubercle  bacilli 
are  usually  to  be  found.  The  tuberculous  nodule  is  always  situated  in 
the  substance  of  the  brain,  and  may  be  present  in  the  hemispheres,  com- 
missures, cerebellum,  pons,  or  medulla.  In  rare  cases  similar  nodules 
may  be  found  in  the  spinal  cord. 

Alimentary  Trad. — Tuberculous  lesions  in  the  intestines  may  be 
primary  or  secondary,  and  may  occur  in  the  small  or  large  gut.  Tuber- 
culous ulceration  of  the  pharynx  and  fauces  is  extremely  rare,  and  occurs 
only  in  cases  where  the  lungs  are  affected.  Tuberculosis  of  the  oesophagus 
is  a pathological  curiosity ; recently  a case  was  desci'ibed  in  this  country 
by  Drs.  Shrubsall  and  Mullings.  Earely  a small  tuberculous  ulcer  may 
be  found  in  the  stomach,  but  only  in  advanced  cases  of  tuberculosis, 
and  when  the  secretion  of  hydrochloric  acid  is  deficient.  In  the  first 
part  of  the  duodenum  also,  the  contents  of  which  are  acid,  tuberculous 
ulceration  is  exti’emely  rare ; but  from  the  duodenum  to  the  ileo-csecal 
valve  it  is  increasingly  frequent,  the  chief  parts  of  the  mucous  membrane 
in  which  it  occurs  being  those  in  which  the  Peyer’s  patches  are  most 
numerous.  Ulceration  of  the  large  gut  may  occur  independently  of  that 
in  the  small  gut,  or  both  may  be  associated ; but  the  large  gut  is  not  so 
frequently  affected  alone  as  the  small.  As  elsewhere,  the  first  sign  of 
tuberculosis  in  the  mucous  membrane  is  seen  in  the  deposit  of  nodules 
which  coalesce  and  caseate,  finally  leading  to  necrosis  of  the  superficial 
tissue  and  leaving  an  ulcer.  The  nodules  may  be  present  either  in  the 
deeper  part  of  the  mucous  membrane  or  quite  near  the  surface  of  a 
Peyer’s  patch.  Both  deep  and  superficial  ulcers  are  thus  formed.  A 
fully  formed  tuberculous  ulcer  of  the  small  intestine  is  not  uncommonly 
transverse  to  the  direction  of  the  gut,  but  is  chiefly  characterised  by  its 
irregularity,  by  its  thickened  edges  which  are  not  undermined,  and  by  its 
base,  which  is  uneven,  and  shews  a deposit  of  small  caseated  nodules, 
which  may  be  situated  either  in  the  muscular  tissue  or  in  the  peritoneum. 
Perforation  of  the  ulcer  into  the  general  peritoneal  cavity  may  occur,  but 
as  a rule  this  is  prevented  by  adhesions  to  the  neighbouring  part  of  the 
gut  due  to  the  slight  peritonitis  produced  by  the  ulcer.  The  result  may 
be  to  mat  the  intestines  together  and  to  form  irregular  communications. 
Perforation  in  this  form  occurs  almost  equally  in  the  small  gut  and  in  the 
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hirge.  Stricture  of  the  intestine  may  result  from  contraction  of  the  scar 
of  a healed  tuberculous  ulcer.  A rare  and  remarkable  condition  char- 
acterised by  great  thickening  of  the  walls  of  the  bowel  and  narrowing  of 
the  lumen  is  known  as  chronic  hyperplastic  tuberculosis  ; it  chiefly  occurs 
in  the  neighbourhood  of  the  coecum  (Lartigau).  Infection  of  the  tissue 
around  the  rectum  gives  rise  to  a common  variety  of  fistula  in  ano. 

Lymphatic  Glands. — The  early  tuberculous  deposits  in  the  lymphatic 
glands  occur  as  miliary  granulomas,  which  rapidl}"  caseate,  unite  together, 
and  form  the  characteristic  cheesy  masses  so  frequently  seen.  This  pro- 
cess commonly  ends  in  calcification  or  fibrosis.  In  tuberculosis  of  the 
glands  near  the  trachea  or  bronchial  tubes,  and  of  the  superficial  glands 
of  the  neck,  axilla  or  groin,  necrosis  of  the  tissue  superficial  to  the  gland 
mav  occur,  and  the  caseous  contents  of  the  gland  be  extruded,  leaving  a 
tuberculous  sinus. 

Bones. — Tuberculosis  in  the  cancellous  parts  of  the  bones  begins  in  a 
manner  similar  to  that  already  described  in  other  parts,  soon  leads  to  the 
formation  of  large  caseous  masses  with  disintegration  of  the  bony  tissue, 
and  not  infreqvtently  to  the  formation  of  pus.  This  occurs  in  the  “ cold  ” 
abscesses  that  result,  for  example,  from  caries  of  the  spine.  Here,  as  in 
the  meninges,  the  formation  of  pus  is  due  to  the  action  of  the  tubercle 
bacillus  itself.  The  contents  of  the  abscess  are  thick  and  ropy,  and 
include  numerous  pus-cells  in  various  stages  of  degeneration,  besides 
yellowish  masses  of  caseous  matter.  Tubercle  bacilli  are  with  difficulty 
found  in  the  pus  from  these  abscesses,  and  sometimes  inoculation  into 
animals  fails  to  give  a positive  result. 

Joints. — The  deposit  of  tubercle  in  the  joints  occurs  in  the  synovial 
membrane ; it  leads  to  great  thickening,  due  to  the  formation  of  gela- 
tinous fibroid  tissue,  and  either  to  effusion  into  the  joints  or  to  the 
formation  of  an  abscess.  The  bones  forming  the  joints  are  also  not 
infrequently  affected  by  tuberculosis. 

The  kidneys  are  affected  in  two  tvays  : either  in  the  form  of  miliary 
granulomas,  irregularly  deposited  through  the  substance  of  the  organ,  and 
most  numerous  in  the  cortex ; or  in  the  form  of  caseous  masses,  which 
are  primarily  formed  in  the  apex  of  the  pyramids  and  extend  towards 
the  cortex.  In  this  way  the  whole  substance  of  the  kidney  may  be 
destroyed.  In  earlier  stages  miliary  granulomas  beginning  to  caseate 

are  visible  round  the  periphery  of  the  caseous  mass  ; that  is  to  say, 
the  primarj’  focus  has  led  to  the  formation  of  numerous  secondary  foci  of 
tuberculosis.  Exten.sion  of  infection  to  the  ureter  and  bladder  may 
ensue. 

The  ejndidymis,  spermatic  covd,  and  msicalae  seminales  arc  not  infrequently 
affected  by  tuberculosis  ; in  all  these  cases  the  infection  is  conveyed  by  the 
blood-stream.  The  FaW/pian  tubes  may  also  be  the  seat  of  tuberculosis. 

Bujmirenah. — fi'iibercidosis  of  these  bodies,  wliich  is  observed  in 
Addison’s  dise^use,  is  usually  seen  ({)Ost  mortem)  as  a com])lcte  caseation 
of  the  organ  a.ssociated  with  fibrosis  and  calcification.  Tubercle  bacilli 
are  with  difficulty  found  in  these  cases.  Whether  the  form  of  Addison’s 


272 


SYSTEM  OF  MEDICINE 


disease  associated  with  fibrosis  and  atrophy  of  the  capsule  be  due  to  a 
primary  tuberculosis  of  the  organ  or  not,  it  is  impossible  to  say.  As 
a rule,  in  these  cases  no  caseation  or  calcification  is  observed. 

The  liver  and  spleen  are  affected  in  a similar  mannei-,  viz.  in  the  form 
of  miliary  granulomas.  Tuberculosis  of  these  organs  is  observed  only 
as  secondary  to  a tuberculous  focus  elsewhere.  The  granulomas,  especially 
in  the  liver,  are  frequently  microscopic  only;  but  they  may  be  a line  in 
diameter,  shewing  a caseated  centre.  They  project  from  the  surface  of 
the  organ,  and  are  also  present  in  its  substance.  In  the  liver  the  nodules 
are  very  rarely  large  uidess  there  be  some  secondary  pyogenetic  infection, 
as  occurs  sometimes  in  tuberculous  empyema  of  the  i-ight  side.  Large 
tuberculous  nodules  are  found  in  cattle  and  in  pigs,  but  they  are  very 
rarely  found  in  the  liver  of  man  (“  solitary  tubercle  ”).  Infection  of  the 
bile-passages  (tuberculous  cholangitis)  may  give  rise  to  multiple  tuber- 
culous “abscesses”  throughout  the  organ.  In  the  spleen  caseation  of 
the  nodules  serves  to  distinguish  them  from  Hodgkin’s  disease.  Caseous 
masses  in  the  liver  and  spleen  are  less  rare  in  children  than  in  adults. 

In  the  skin  tuberculosis  is  seen  in  a very  chronic  fonn,  as  lupus.  It 
is  characterised  by  the  same  microscopical  appearances  as  those  which 
have  been  described,  and  the  tendency  is  to  necrosis  of  the  cells  and  of 
the  superficial  tissues,  leading  to  ulceration.  Fibrosis  is  quite  subsidiary 
in  the  extending  disease,  although  it  is  well  marked  in  the  scarring 
which  results  from  the  healed  ulcers.  Many  cases  of  so-called  “ana- 
tomical tubercle  ” {verruca  necrogenica)  are  due  to  the  Bacillus  tuhercidosis, 
as  ai’e  also  some  other  forms  of  chronic  inflammation  of  the  skin 
{tuberculides). 

Pathology. — The  anatomical  characteristics  of  tuberculosis,  both 
from  the  histological  point  of  view  and  from  the  manner  in  Avhich  the 
disease  affects  individual  organs  or  parts,  are  but  a very  small  part  of 
the  subject  of  tuberculosis  as  an  infection.  Not  only  must  the  pi’oof 
that  the  Bacillus  tuberculosis  is  a necessary  factor  in  the  disease  be  dis- 
cussed, but  the  question  of  the  modes  of  infection,  and  of  the  parts 
affected  by  these  different  modes,  as  well  as  the  spread  of  the  disease  in 
the  body  from  a local  focus,  must  be  considered.  In  connexion  with  this, 
too,  arises  the  question  of  the  usual  source  of  infection  in  man,  as  well 
as  the  questions  of  the  effect  of  dose  and  virulence  of  the  virus,  and  of 
the  resistance  of  the  body  to  its  invasion  and  spread. 

The  Bacillus  Tuberculosis  as  a Cause  of  Tuherculosis. — This  bacillus  has 
been  definitely  proved  by  the  experimental  method  to  be  a necessary 
factor  in  the  causation  of  tuberculosis  in  the  following  manner : — 

(«)  The  bacillus  is  found  in  tuberculous  lesions  both  in  man  and 
animals.  In  a particular  lesion  the  bacillus  may  be  absent,  having  died ; 
but  in  one  or  other  lesion  of  the  body  of  a tuberculous  animal,  and  in 
nearly  all  recent  tuberculous  lesions,  tubercle  bacilli  are  readily  found. 

{b)  The  bacillus  has  been  separated  from  tuberculous  lesions  in  man 
and  cows,  and  from  the  sputum  in  man,  and  obtained  in  pure  cultivation, 
(c)  Inoculation  into  susceptible  animals  of  the  tubercle  bacillus, 
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obtained  in  pure  cultivation,  pi-oduces  exactly  the  same  disease,  both 
anatomically  and  in  the  mode  of  distribution  of  the  lesions,  as  in  man  or 
animals  which  sutler  naturally  from  tuberculosis. 

(d)  From  the  lesions  in  the  experimental  cases  in  animals  the  bacillus 
cjut  be  obtained  in  pure  cultivation,  living  and  virulent. 

These  facts  do  not  rest  on  any  single  series  of  experiments,  for  since 
their  discovery  in  lSSl-82  by  Koch,  they  have  been  repeated  and  con- 
firmed by  numerous  observers,  and  receive,  indeed,  continual  confirmation 
in  every  pathological  laboratory.  They  serve,  then,  as  the  basis  of 
discussion  of  the  pathology  of  tuberculosis. 

Modes  of  Infection. — In  investigating  the  modes  of  entrance  of  the 
Bacillus  tuberculosis  into  the  body,  it  is  important  to  remember  that  the 
infection  may,  on  the  one  hand,  remain  localised  at  the  point  of  entry, 
or  may,  on  the  other  hand,  be  carried  to  distant  parts,  leaving  little  or 
no  trace  of  the  path  by  which  it  has  travelled.  As  examples  of  local 
tuberculosis  occurring  at  the  seat  of  invasion,  primary  pulmonary  tuber- 
culosis may  be  quoted,  or  intestinal  and  peritoneal  tuberculosis,  or 
tubercidous  lymphatic  glands  in  the  neck.  On  the  other  hand,  the 
disease  may  be  localised  in  parts  far  removed  from  any  of  the  paths  by 
which  the  virus  enters  the  body— as,  for  example,  when  tuberculous 
joint-disease  occurs  in  an  individual  who  apparently  has  no  other 
tuberculous  lesion. 

The  great  number  of  questions  which  arise  in  the  consideration  of 
these  points  are  for  the  most  part  answered  by  the  results  of  experi- 
mental tuberculosis  in  animals.  Such  experiments  afibrd  material  of  the 
highest  irnpoi-tance  in  the  study  of  the  disease ; inasmuch  as  the  effects 
of  dosage,  viralence  of  the  bacilli,  and  resistance  of  the  body  to  the 
infection  can  be  gauged.  The  effect  of  the  resistance  of  the  body  is 
readily  determined  by  observing  the  effects  of  the  same  dose  of  virus  in 
susceptible  and  refractory  animals — in  guinea-pigs  and  rabbits,  for 
example,  which  are  susceptible  animals,  and  in  dogs  and  some  species  of 
rats,  which  are  refractory  animals. 

Experimental  Tuberculosis. — The  following  points  will  be  considered  in 
discussing  experimental  tuberculosis  : — 

(a)  Variations  in  the  intensity  or  rapidity  of  the  disease  after 
inoculation  or  feeding  or  inhalation  of  tuberculous  material. 

(b)  The  virulence  of  different  forms  of  tuberculous  material. 

(c)  The  varying  effects  of  dose  on  the  extent  of  the  tuberculosis 
i prorluced. 

{d)  The  formation  of  a local  lesion  or  not  at  the  seat  of  entrance  of 
■ the  vims  into  the  iKjdy. 

The  resistance  of  the  body  to  the  inva.sion  of  the  disease — that  is, 
natural  immunity — will  not  be  considered  in  the  following  discussion, 
which  relates  only  to  animals  suscejitiblc  to  the  disease — namely, 
guincarpigs,  rabbits,  calves,  and  pigs.  Calves  and  pigs  are  both  subjects 
of  natural  tuberculosis  ; but  in  guinea-pigs  and  rabbits  tuberculosis  is 
unknown  outside  the  lalxjratory.  These  two  animals,  indeed,  es[iecially 
VOL.  n. — n.  I.  T 
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the  guineu-pig,  kept  under  hygienic  conditions,  serve  as  excellent  and 
accurate  tests  of  the  infectivity  of  any  partieular  tuberculous  material. 

Inoculation  Experiments. — In  guinea-pigs  inoculated  subcutaneously  in 
one  or  other  groin  by  virulent  tuberculous  material,  as  early  as  nine  days 
after  inoculation  a local  lesion  is  seen  which,  on  microscopical  examina- 
tion,  may  be  recognised  as  tuberculosis.  The  inguinal  glands  become 
tuberculous  in  from  seven  to  fourteen  days,  and  about  the  third  week 
after  inoculation  the  disease  spreads  to  the  internal  lymphatic  glands, 
always  invading  the  lumbar  glands,  and  usually  affecting  the  coeliac 
glands  before  it  spreads  to  the  liver  and  spleen.  Spreading  to  the 
thorax  (which  it  does  about  the  fourth  week),  it  affects  first  the 
posterior  mediastinal  and  bronchial  glands ; and  subsequently,  about  the 
fifth  week,  the  lungs.  The  mesenteric  glands  are  aftected  only  in  very 
advanced  tuberculosis  follomng  inoculation.  The  suprarenals  and  the 
kidneys  are  never  found  affected  by  the  disease. 

If  the  tuberculous  material  be  inoculated  in  both  groins  the  disease  is 
developed  on  both  .sides — that  is,  both  inguinal  and  both  lumbar  groups  of 
lymphatic  glands  become  affected  ; whereas  if  one  side  only  be  inoculated 
the  lumbar  and  inguinal  glands  of  the  other  side  do  not  become  tuber- 
culous,  although  the  lumbar  glands  may  become  so  in  the  later  stages  of 
advanced  tuberculo.sis  in  the  guinea-pig. 

The  intraperitoneal  inoculation  of  virulent  tuberculous  material  pro- 
duces  an  intense  tuberculous  peritonitis,  with  great  thickening  of  the 
omentum  and  the  deposit  of  miliary  tubercles  over  both  the  parietal 
and  visceral  peritoneum : this  is  evident  in  from  ten  to  fourteen  days 
after  inoculation.  In  fourteen  days  tuberculosis  of  the  lumbar,  coeliac,  ■■ 
anterior  and  posterior  mediastinal  lymphatic  glands  may  be  evident,  bH 
and,  if  very  virulent  material  be  used,  tuberculosis  of  the  liver  and  spleen 
or  even  of  the  lung.  In  sixteen  to  twenty-one  days  practically  every  II 
organ  of  the  body  may  be  affected,  except  the  gastro-intestinal  tract,  II 
and,  in  the  guinea-pig,  the  suprarenals  and  kidneys.  The  mesenteric  II 
glands  become  affected  at  a very  late  stage  of  the  tuberculosis,  and  ulcers  si 
of  the  intestines  are  never  produced  by  the  inoculation  of  tuberculous  .1 1 
material  wherever  introduced.  Inoculation  into  the  anterior  chamber  of  I ■ 
the  eye  produces,  in  seven  to  ten  da3's,  a local  tuberculosis,  which  then  1 1 
spreads  to  the  neighbouring  lymphatic  glands,  and  finally  to  the  lungs  J I 
and  otlier  organs  of  the  body.  , . ■ 

The  inoculation  of  sjjutum  from  cases  of  human  jiulmonary  tuberculosis  J P 
as  well  as  of  material  obtained  from  recent  and  progressing  lesions  I 

of  the  disease,  produces  similar  effects,  viz.:  (1)  a local  lesion;  (2)  a y 

spread  of  the  disease  to  the  lymphatic  glands  nearest  the  local  lesion , f 

(3)  the  invasion  of  the  solid  organs  of  the  body.  Sputum,  no  doubt,  ^ 

has  a vaiying  infectivity,  dependent  on  the  character  of  the  le.sion  which  / ^ 

produces  it,  whether,  that  is,  it  contains  a large  number  of  li'iug  ^ 

tubercle  bacilli  or  not.  Not  many  experiments,  however,  have  been  • 

performed  from  this  point  of  view.  Of  great  importance  in  human 
pathology  is  the  result  of  inoculating  the  meat  and  milk  from  tuber-  , 
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ciilous  animals  into  guinea-pigs  and  rabbits,  since  we  are  thus  enabled  to 
study  the  results  of  inoculation  with  material  of  comparatively  low 
virulence.  The  milk  from  a cow  with  tuberculosis  of  the  udder  may  be 
highly  infective,  or  only  slightly  so ; and  the  infectivity  is  due  to  the 
presence  of  tubercle  bacilli  in  the  milk,  coming,  as  in  the  sputum  of 
pulmonary  tuberculosis,  from  the  breaking  down  of  tuberculous  lesions. 
The  meat  from  tuberculous  cattle  may  also  be  highly  or  only  slightly 
infective  ; but  in  this  case  the  infectivity  does  not  depend  on  the  presence 
of  tuberculous  lesions  in  the  muscular  tissue  itself,  but  on  the  contamina- 
tion of  the  meat,  during  its  removal,  by  or  from  the  tuberculous  lesions 
present  in  the  carcase. 

The  effects  resulting  from  the  inoculation  of  meat  and  milk  into 
; animals  vary  with  the  dose  of  the  virus  present  in  the  inoculated 
: material ; inasmuch  as,  apart  from  the  dose,  the  virulence  of  the  bacilli 
: in  a particidar  lesion  cannot  at  present  be  gauged.  In  a highly  infective 
I disorder,  such  as  anthrax,  where  death  follows  inoculation  in  tAventy-four 
• or  thirty-six  hours,  the  dosage  is  not  of  so  much  importance  as  the 
'viralence  or  Autality  of  the  bacillus.  That  is,  speaking  broadly,  Wice 
I the  fatal  dose  of  material  containing  anthrax  bacilli  will  not  produce  a 
: greater  effect  in  a guinea-pig  than  a smaller  dose.  But  in  the  case  of 
j anthrax  bacilli  the  Aurulence  may  vary  greatly,  and  produce  correspond- 
iing  effects  in  the  animal  body.  With  tuberculosis,  hoAvever,  dosage  is  of 
'.greater  importance,  inasmuch  as  the  larger  the  dose,  Avithin  limits,  the 
^greater  the  degree  of  tuberculosis  produced  in  a susceptible  animal.  For 
: tuberculosis  is  essentially  a chronic  disease,  one  in  Avhich  the  infectiA'e 
lagent  grows  sloAvly ; therefore  Avith  a small  number  of  bacilli  the  body 
;is  more  likely  to  resist  their  invasion  and  to  restrict  their  action  to  the 
^seiit  of  inoculation,  Avhereas  AAuth  a large  dose  this  defensh^e  action  is  not 
‘SO  effective.  The  importance  of  “ dosage  ” is  illustrated  by  Dr.  S.  Martin’s 
'■experiments  ^ Avith  tuberculous  milk.  One  cubic  centimetre  of  virulent 
:milk  injected  into  the  peiitoneal  cavity  ju’oduced  in  sixteen  days,  besides 
•the  local  lesion  of  the  peritoneum,  tuberculosis  of  all  the  internal 
lymphatic  glands,  of  the  cerA'ical  glands,  and  of  the  liver  and  spleen,  but 
mot  of  the  lungs;  AA'hereas  one  cubic  centimetre  of  a 10  per  cent  dilution 
■of  the  same  milk  produced  in  the  same  time  a local  lesion  practically 
•limited  to  the  omentum,  Avith  tuberculosis  of  the  spleen  and  of  the 
•mesenteric  glands,  but  of  no  other  parts.  Dilution  of  the  milk  thus 
prcKluced  in  the  same  time  a limitation  of  the  disease.  Inoculation  Avith 
the  meat  of  tuberculous  animals  e\^en  more  clearly  emphasised  the  same 
principle,  a guinea-pig  inoculated  Avith  material  of  this  nature  exhibiting 
merely  a localised  tuberculosis  of  the  skin  at  the  ])oint  of  infeetion,  Avith 
no  sign  of  general  invasion  of  organs. 

Haumgarteri  found  that  injection  of  cultures  of  tubercle  liacilli  into 
the  bladder  prcHluced  in  animals  a tuberculosis  of  the  lungs,  and  a similar 
result  was  obUiincd  by  Behring  from  injections  into  the  substance  of  the 

' rietiil.?  of  the.se  anU  other  exiicriiiieiitH  were  given  in  tlie  lir.it  edition  of  tliis  Si/slcm, 
Voi.  ir.  p.  19 
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tongue.  These  observations  have  been  used  to  support  the  opinion  that 
ordinary  pulmonary  tuberculosis  is  hajmatogcnous  in  origin,  and  is  not 
produced  by  direct  inhalation  of  infective  material. 

Feeding  Experiments. — Inoculation -experiments,  although  instructive 
from  the  point  of  view  of  infection,  do  not  reproduce  the  kind  of  cases 
that  occur  in  the  human  being  or  in  natural  tuberculosis.  Although 
inoculation -tuberculosis  has  occurred  in  the  human  being,  the  great 
majority  of  cases  of  the  disease  are  to  be  ascribed  to  other  modes  of 
infection.  Feeding  is  one  of  these. 

If  guinea-pigs  be  fed  with  one  dose  of  virulent  tuberculous  material 
obtained  from  the  cow  or  man,  the  first  lesion  observed,  as  in  other  cases 
of  infection  by  the  disease,  is  a local  one  in  the  small  intestine  and 
csecum.  This  is  first  apparent  to  the  naked  eye  (and,  indeed,  to  micro- 
scopical examination)  at  the  end  of  from  eighteen  to  twenty-one  days. 
The  frequency  with  which  the  small  intestine  or  the  ctecum  is  affected  is 
variable.  Of  twenty  animals  rendered  tuberculous  by  feeding,  the 
disease  was  present  in  the  small  intestine  in  all  but  one,  which  had  been 
fed  with  sputum ; and  the  coecum  was  affected  in  all  but  three.  The 
frequency  of  the  infection  of  the  csecum  in  the  guinea-pig  is  explicable  by 
the  presence  of  large  and  numerous  Peyer’s  patches,  a point  of  difference 
from  the  condition  in  man  and  carnivora.  From  the  intestines  the 
disease  spreads  to  the  mesenteric  and  the  csecal  lymphatic  glands  in 
about  twenty-eight  days  from  the  commencement  of  the  experiment; 
from  these  it  spreads  to  the  coeliac  glands,  the  liver,  spleen,  posterior 
mediastinal  and  bronchial  glands,  and  to  the  lungs.  In  some  animals, 
living  a long  time,  the  anterior  mediastinal  glands  are  affected ; as  are 
also  the  glands  in  the  lessor  omentum  and  the  lumbar  glands. 

In  pigs  fed  with  virulent  tulDerculons  material  the  pathological  course 
of  the  disease  is  practically  the  same  as  in  guinea-pigs ; namel)'^,  from  a 
local  lesion  in  the  alimentary  tract  the  infection  spreads  to  the  neigh- 
bouring lymphatic  glands,  and  thence  to  the  organs  of  the  body.  But 
in  the  pig  the  tonsil  is  one  of  the  chief  localities  for  the  absorption 
of  the  tuberculous  virus.  In  one  of  Dr.  Martin’s  experiments  a pig  which 
had  received  at  one  meal  120  grammes  of  tuberculous  lung  exhibited, 
when  killed,  as  the  sole  lesion  in  the  whole  alimentary  tract,  a small  ulcer, 
by  i" ; but  in  addition  there  was  extensive  tuberculosis  of  lymphatic 
glands  and  of  the  other  viscera.  This  experiment  is  of  importance,  iis 
shewing  that  the  local  lesion  from  feeding  may  be  out  of  all  proportion 
to  the  tuberculosis  present  in  the  organs  of  the  body. 

In  calves  fed  with  virulent  tuberculous  material  the  local  lesion  is 
present  in  the  small  intestine,  and  less  commonly  in  the  caecum.  The 
mesenteric  glands  are  always  affected,  and,  when  the  caecum  is  atUcked, 
the  cajcal  glands.  Tlie  disease  then  spreads  to  the  posterior  mediastinal  | 
and  bronchial  glands,  and  usually  to  the  lungs.  The  cervical  glands  may 
be  subsequently  affected,  as  well'  as  the  retro-hepatic  glands.  Two  points,  J 
however,  must  be  noted : (1)  That,  as  in  the  pig,  the  glands  below  the  ^ 
jaw  may  be  affected,  shewing  that  the  absorption  of  the  virus  luis  . 
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taken  place  through  the  pharynx;  and  (2)  that  tuberculosis  of  the  pleura 
in  the  form  of  “ gnipes  ” may  occur  M’ithout  any  infection  of  the  lungs. 
This  result  is  of  some  importance  from  the  pathological  point  of  view. 

In  both  pigs  and  guinea-pigs  feeding  with  non-virulent  tuberculous 
material  may  result  in  a generalised  infection,  without  the  existence  of 
any  discoverable  local  lesion  at  the  jioint  of  entry  of  the  bacilli.  The 
path  of  infection  may,  however,  generally  be  traced  by  observing  the 
lymphatic  chain  mainly  involved.  In  pigs  extension  of  infection  from 
the  tonsil  to  the  cervical  glands,  and  thence  to  the  lung,  may  occur,  the 
process  closely  resembling  that  which  takes  place  in  human  subjects. 

In  the  experiments  on  calves  fed  with  either  virulent  or  slightly 
virulent  tuberculous  material  there  was  always  a local  lesion  in  the 
intestine  when  tuberculosis  developed ; but  it  is  noteworthy  that  the 
lociil  lesions  in  the  intestines  frequently  did  not  proceed  to  ulceration, 
but  consisted  in  small  nodules  in  the  Peyer’s  jDatches,  which  caseated, 
and  frequently  became  calcareous.  Calcification  of  these  nodules  was 
sometimes  foimd,  even  though  there  was  active  and  spreading  tuberculosis 
in  various  organs  of  the  body.  A similar  observation  was  made  in  adult 
cows,  the  subjects  of  natural  tuberculosis ; and  the  same  thing  occurs  in 
the  human  being — the  main  point  is  that  the  local  lesion  is  out  of  all  pro- 
portion to  the  tuberculosis  which  subsequently  develops  thi'oughout  the 
body.  To  calves  human  sputum  is  not  so  highly  infective  a material 
as  the  tuberculous  material  from  the  organs  of  a cow.  Different  breeds 
of  cattle  vary  in  their  susceptibility  to  infection,  a pure  Jersey  cow,  for 
example,  being  less  resistant  than  a half-bred  shorthorn. 

Inhalation  Experiments. — Numerous  inhalation  experiments  have  been 
performed  (Yillemin,  Koch,  and  others),  with  the  result  of  transmitting 
the  disease  to  animals.  The  bacilli  in  pure  cultivation  have  been  sprayed 
on  to  the  faces  of  animals,  and  a pulmonary  tuberculosis  has  resulted ; 
and  tuberculous  material  has  been  dried  and  powdered,  and  allowed  to 
be  inhaled  by  the  animals,  A\dth  the  almost  certain  result  of  producing 
pulmonary  tuberculosis.  This  experiment,  however,  is  dangerous  for  the 
workers,  one  of  whom  contracted  a fatal  tuberculous  bronchopneumonia 
in  this  manner  (Xocard). 

MrxUs  of  Infection  in  Natural  Tuberculosis  in  Animals. — In  cows  the 
mofle  of  infection  is  either  by  means  of  the  lungs  or  the  intestines.  In 

■ cases  of  tuberculosis  in  cattle  the  lungs  and  pleura  are  affected  .in  about 
40  per  cent  of  the  cases  ; the  lungs  alone,  in  20  to  25  per  cent ; the  pleura 
and  peritoneum,  in  15  to  20  per  cent,  and  in  the  remaining  cases  the 
lymphatic  glands,  the  genital  organs,  mammaj,  bones,  etc.  (Nocard). 
This,  however,  is  not  a valuable  mode  of  classification,  except  to  shew 
that,  as  in  man,  tuberculo.sis  in  the  majority  of  cases  affects  the  lungs  and 

■ thoracic  organs.  The  analysis  of  twelve  cases  of  natural  tuberculosis  in 
the  cow,  in  which  every  organ  and  gland  of  the  body’  was  examined, 
gave  the  following  result : — The  disea.se  was  primary  in  the  lung  in  eight 
cases ; primary  in  the  intestines  without  affection  of  the  hings  in  one 
case ; and  in  the  intestine  with  affection  of  the  lungs  in  three  c;ises. 
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The  statement  that  these  last  three  cases  were  primary  in  the  intestine  , 
rests  on  the  conclusion  that  the  intestinal  lesion,  being  calcified,  was  older  * 

than  that  in  the  lung.  In  cattle,  therefore,  the  disease  must  be  considered  S 

as  most  frequently  an  inhalation -tuberculosis,  and  less  frequently  an  t 
ingestion- tuberculosis.  In  the  cow,  when  the  lungs  are  afi'ected,  the  { 
posterior  mediastinal  glands  are  irsually  tuberculous ; and,  except  in 
certain  cases  which  occur  in  children,  this  constitutes  an  anatomical 
difference  between  pulmonary  tuberculosis  in  the  cow  and  in  man.  The 
disease,  as  it  occurs  in  the  cow,  may  thus  be  divided  into  two  classes, 
namely,  (1)  where  it  is  limited  to  the  thoracic  organs  and  glands,  and  (2) 
to  the  abdominal  organs  and  glands.  In  cases  of  disease  in  the  thorax 
it  is  highly  probable,  even  if  only  one  set  of  glands  in  the  abdomen  lie 

affected,  especially  if  this  be  the  mesenteric  glands,  that  the  mode  of 

invasion  of  the  virus  has  been  through  the  intestines.  Thus,  cases  occur 
in  which  there  is  extensive  tuberculosis  of  the  lungs,  of  the  bronchial  and  y 
posterior  mediastinal  glands,  of  the  glands  in  the  lesser  omentum,  and  of  n 
the  liver.  In  such  cases  it  is  probable  that  the  glands  of  the  lesser  fj 
omentum  are  first  affected,  the  disease  spreading  thence  to  the  liver,  to  |j 

the  posterior  mediastinal  and  bronchial  glands,  and  thence  again  to  the  n 

lungs. 

In  the  pig  the  disease  is  almost  solely  an  ingestion-tuberculosis, 
produced  by  feeding  with  the  flesh  or  milk  of  tul)erculous  cattle,  and  has 
the  features  which  have  been  described  previously.  f, 

In  the  horse,  infection  occurs  both  through  the  intestines  and  through 
the  lungs,  most  frequently,  however,  by  the  former  mode  ; so  that  in  most 
cases  the  abdominal  organs  are  the  chief  ones  affected,  well-marked  peri- 
tonitis  being  ob.served.  This  does  not  occur  in  the  cow  or  the  pig.  The  i ' 
lung  is  usually  affected  secondarily.  ’ 

Modes  of  Infection  in  Man. — In  human  tuberculosis,  many  as  are  the  1 

years  during  which  it  has  Imen  the  subject  of  study,  there  is  a great  want  i/ 

of  accui’ate  information  as  regards  the  distribution  of  tuberculous  lesions 
in  a large  number  of  cases ; yet  it  is  only  by  a consideration  of  large 
numbers  that  the  modes  of  infection  can  be  determined.  The  three  inodes 
of  infection  by  which  tuberculosis  can  occur  after  birth  are  by  the 
inoculation,  by  feeding,  and  by  inhalation  of  tuberculous  material. 
Infection  may  be  carried  from  the  mother  to  the  foetus  in  utero. 

Inoculation-tuberculosis  occurs  accidentally  in  the  human  being,  as  in 
cases  of  wound  of  the  hand  during  a post-mortem  examination  of  a tuber- 
culous subject.  Some  of  the  warts  which  appear  in  these  cases  {verruca 
necrogenica)  are  of  a tuberculous  nature.  Death  from  pulmonary  tuber- 
culosis has  also  been  known  to  follow  inoculation  of  the  finger  after  a 
longer  or  shorte.r  interval.  Possibly  lu23us  is  in  some  cases  a form  of 
inoculation-tuberculosis,  following  infection  of  the  skin  M'ith  non-virulent 
tuberculous  material,  as  in  the  case  of  local  tuberculosis  of  the  skin  in  a 
guinea- jiig  {vide  p.  2 7. '5). 

The  more  usual  modes  of  infection  in  man,  however,  are  by  war  0 , 

ingestion  and  of  inhalation.  Speaking  generally,  ingestion-tuliercnlosis 
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is  a disease  of  childhood,  inhalation-tuberculosis  a disease  of  young  adult 
life,  although  it  may  occur  at  all  ages.  hen  the  lungs  alone  arc  the 
seat  of  tuberculosis  at  death,  as  the}'  so  frequently  are,  and  no  old  or 
recent  tuberculous  lesion  is  found  in  or  near  any  part  of  the  alimentary 
tract,  the  mode  of  infection  almost  unquestionably  was  by  inhalation  of 
tubercle  bacilli.  Similarly  with  the  intestine  : in  cases  where  there  is 
tuberculous  ulceration  of  the  intestine,  or  oA'en  tuberculous  nodules  in  the 
intestine,  with  tuberculosis  of  the  mesenteric  glands  or  peritonitis,  and  no 
infiltration  of  the  lungs,  the  mode  of  int'asion  has  doubtless  been  by  Avay 
of  the  mucous  membrane  of  the  intestine.  But  there  are  many  cases 
which  present  great  difficidties  in  their  explanation — cases  of  so-called 
primary  tuberculosis  of  the  bones  and  joints,  of  the  Iddneys,  of  the 
epididymis,  and  of  the  braiti  or  meninges.  Post-mortem  records  of  these 
have  not  been  made  with  sufficient  accuracy  from  the  present  point  of 
A’iew  to  permit  us  definitely  to  indicate  the  mode  of  infection  in  many  of 
them.  In  some  cases  of  primary  tuberculosis  in  the  parts  mentioned  old 
lesions  are  found,  either  in  the  limgs  or  intestines ; for  example,  in  cases 
of  meningitis  a few  healed  ulcers  may  be  found,  or  a calcareous  mesenteric 
gland  j and  in  cases  of  tuberculosis  of  the  epididymis,  where  fibroid  and 
calcareous  modules  are  found  in  the  lungs  there  is  no  difficulty  of 
explanation.  But  there  are  cases  in  which  no  local  lesion,  old  or 
recent,  can  be  found  in  the  lungs,  the  intestines,  or  the  neighbouring 
lymphatic  glands.  The  ex]3lanation  of  such  cases  appears  to  be  git'en 
by  the  results  of  the  pretdously  recorded  experiments  in  animals  (p.  277), 
which  have  shewn  that  the  tubercle  bacilli  may  enter  the  body  without 
producing  a lesion  in  the  mucous  membrane ; and  that  eA'en  if  one  of  the 
glands  in  connexion  with  the  gastro-intestinal  tract  become  tuberculous, 
this  may  readily  lead  to  disease  of  a distant  part.  It  is  quite  possible  in 
the  tissues  of  children,  in  which  absorption  is  active,  that  tubercle  bacilli 
may  pass  even  through  lymphatic  glands'  without  producing  a lesion  ; or 
more  probably  may  enter  the  circulation  from  the  mucous  membrane  and 
be  carried  to  a distant  part — such  as  the  joints,  bones,  or  the  meninges — 
and  .so  produce  primary  tuberculosis  in  those  parts.  In  any  case,  what- 
ever the  exact  path  of  infection,  it  is  certain  that  the  bacillus  must  pass 
through  some  portion  either  of  the  gastro-intestinal  or  of  the  respiratory 
tract. 

Hj/read  of  the  Disease  in  the  Body  after  Infection. — Tavo  classes  of  cases 
have  to  I>e  considered,  in  one  of  Avhich  (and  these  are  the  majority)  a local 
lesion  is  prorluced  at  the  seat  of  infection  ; in  the  other  there  is  no  local 
le.sion,  but  cither  a lymphatic  gland  in  connexion  Avith  tlie  organs  Avhich 
u.sually  constitute  the  path  of  the  infection  is  affected,  oi',  Avithout  infection 
of  the  lymphatic  glands,  a flistant  part  may  be  affected  l)y  the  tuberculosis 
primarily.  \\  hen  there  is  a local  lesion  in  the  early  stages  of  the  disease,  a 
spread  of  infection  takes  place  mainly  by  lymphatic  channehs,  as  has  been 
fully  explained  in  the  account  of  exptwimental  tuberculosis  ; but  infection 
also  fX-'Cnrs  by  actiuil  contact  of  the  tuberculous  lesion  Avith  neighbouring 
pjvrts,  this  being  most  evident  in  the  lungs,  and  in  cases  in  which  the  pleui'a 
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infects  the  peritoneum  after  adhesion  to  the  diaphragm.  With  these  may 
be  classed  the  instances  in  which  bacilli  conveyed  in  the  urine  from  a 
tuberculous  kidney  infect  portions  of  the  lower  urinary  tract,  and  those  in 
which  tuberculous  sputum  causes  secondary  tuberculosis  of  the  larynx  or 
the  intestine.  The  third  mode  of  .spread  of  the  disease  is  by  means  of 
the  blood-vessels ; this  takes  place  when  the  blood-vessels  are  themselves 
involved  in  the  tuberculous  process,  as  in  the  lungs  they  very  commonly 
are ; the  tuberculous  lesion  ruptures  into  the  lumen  of  the  vessel,  and 
the  virus  is  carried  to  distant  parts.  An  actual  tuberculosis  of  the  intima 
of  vessels  also  occurs.  In  this  way  the  occurrence  of  tuberculosis  of  the 
liver  and  spleen  in  primary  tuberculosis  of  the  lungs  is  explained,  the 
occurrence  of  meningitis  likewise,  and  the  infection  of  such  distant  parts 
as  the  joints  and  bones.  Instances  of  tuberculosis  have  been  described 
in  the  foetus  when  born,  or  in  the  early  months  of  life,  and  are  attributable 
to  infection  directly  derived  from  the  mother.  It  is  evident  that  this  can 
only  occur  when  there  is  tuberculosis  of  the  placenta,  for  there  is  no 
actual  continuity  between  the  blood-vessels  of  the  mother  and  those  of 
the  foetus,  and  the  tubercle  bacilli  cannot  be  supposed  to  find  their  way 
through  the  walls  of  uninjured  vessels. 

Cases  of  primary  tuberculosis  in  the  bones,  joints  or  epididymis- — 
that  is,  in  parts  far  removed  from  the  ordinary  channels  of  infection — may 
lead  to  a generalised  tuberculosis  : inasmuch  as  there  is  no  direct  lymphatic 
connexion  between  the  parts  affected,  the  spread  of  the  disease  in  these 
cases  takes  place  presumably  by  means  of  the  blood-vessels. 

Sources  of  Infection. — Tuberculosis  has  all  the  characters  of  an  in- 
fective disease.  It  has  an  incubation  - period ; it  is  associated  with 
fever,  and  with  certain  other  definite  symptoms  which  will  be  discussed 
later.  The  long  duration  of  cases  of  tuberculosis  was  formerly  the  great 
bar  to  the  acceptance  of  the  disease  as  an  infective  maladj'^,  but  at  the 
present  day  the  infectious  character  of  the  disease  is  well  recognised,  and 
there  is  even  danger  of  an  unnecessary  panic,  tending  to  cause  tiibercidous 
patients  to  be  shunned  as  pariahs,  due  to  lack  of  appreciation  of  the 
nature  of  the  infection.  This  is  very  difi'erent  from  that  of  such  diseases 
as  scarlet  fever  or  typhus,  precautionary  measures  of  a simple  kind  suflicing 
to  abolish  the  risk  of  infection  arising  from  tuberculous  patients. 

Tuberculosis  is  an  infection ; it  is  due,  that  is,  to  a virus  which  is 
introduced  into  the  body ; it  cannot  arise  de  novo  in  the  body.  Con- 
sequently the  sources  of  infection  ai'e  deserving  of  the  closest  study,  since 
it  is  by  such  knowledge  alone  that  we  are  enabled  to  devise  the  measures 
necessary  for  the  prevention  of  the  disease.  The  bacillus  is  a parasite, 
not  a saprophyte,  and  has  no  independent  existence  outside  the  body. 
But  there  are  numerous  sources  of  infection  by  tuberculous  material 
from  human  beings  or  from  animals  the  subjects  of  the  disease.  Thus, 
from  human  beings  there  is  the  sputum  from  the  lungs  in  imlmonary 
tuberculosis ; the  urine  or  the  fajces,  when  the  urinary  tract  or  in- 
testines are  affected  with  the  disease  ; and  the  discharges  from  tuber- 
culous ulcers  and  fistula.  Milk  from  a tuberculous  cow  may  be  a source 
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of  infection,  or  meat  from  cow,  pig,  or  fowl ; and  tuberculous  organs 
or  pirts  removed  from  man  or  animals  may  also  be  sources  of  danger. 
By  far  the  most  important  of  all  those,  however,  are  sputum  and  milk. 

1.  Sputum  in  the  moist  state,  when  inoculated,  iidialed,  or  used  for 
feeding,  ])roduces  a spreading  tuberculosis,  as  has  been  frequently  proAmd 
by  experiment.  In  dried  sputum  the  bacilli  retain  their  vitality 
for  a very  long  period,  even  for  eight  or  twelve  weeks ; and  in  this 
form  they  can  produce  tuberculosis  in  animals  by  inhalation.  Consider- 
ing the  number  of  tuberculous  human  beings  in  the  world,  and  the 
absence  of  precaution  in  the  treatment  of  the  sputum,  this  is  probably 
the  most  frequent  cause  of  tuberculosis,  and  especially  of  tuberculosis 
of  the  lungs.  The  dangers  from  sputum  arise  not  so  much  in  the 
open  air,  as  in  the  . habitation  or  the  room  occupied  by  a patient. 
In  the  open  air  it  is  soon  dried,  and  the  bacilli  are  rapidly  killed  by 
means  of  the  sunlight.  In  the  room  occupied  by  the  consumptive,  not 
only  does  the  handkerchief,  which  frequently  receives  the  expectoration, 
become  highly  infective,  but  also  the  clothes  of  the  patient,  the  bed- 
clothes, and  the  walls  and  furniture ; soiled  handkerchiefs  may  be  laid 
on  the  mantelpiece  or  elsewhere ; expectoration  may  fall  upon  the 
floor.  Thus,  the  room  in  which  a consumptive  has  lived,  especially 
towards  the  end  of  the  disease  when  he  is  in  bed  and  occupies 
one  only,  becomes  highly  infective  if  no  precautions  be  taken  to 
disinfect  or  destroy  the  sputum ; even  when  spitting-cups  are  used, 
these  have  been  known  to  transmit  tuberculosis  by  inoculation  to  the 
person  who-  washes  them,  as  by  way  of  wounding  a finger.  Consider- 
ing that  sputum  is  a tenacious  material,  that  it  is  readily  collected 
in  a vessel,  and  that  its  infectivity  is  readily  destroyed,  either  by 
antiseptics  (carbolic  acid)  or  by  heat,  there  can  be  no  doubt  that 
if  proper  precautions  were  taken  in  destroying  this  highlj'^  infective 
material  much  progress  would  be  made'  on  the  road  to  prevention  of 
the  disease.  Many  instances  of  direct  infection  by  sputum  have  been 
recorded,  some  of  which  have  occurred  after  inoculation.  Thus  in 
a^ldition  to  such  occurrences  as  have  already  been  mentioned,  in  which  a 
finger  was  wounded  in  cleaning  utensils  containing  sputum  and  was  thus 
infected,  cases  are  recorded  in  which  tubercidosis  of  the  prepuce  and 
inguinal  glands  has  followed  circumcision  performed  according  to  the 
Jewish  rite  by  a consumptive  priest.  Direct  infection  by  sputum, 
can.sing  pulmonary  tuberculosis,  was  conveyed  by  a midwife,  the  subject 
of  advanced  pulmonary  tuberculosis,  who  was  accustomed  to  blow  down 
the  mouths  of  newly-bom  children : no  fewer  than  ten  of  these  became 
tubercidous.  To  this  category  also  belong  those  cases  in  which  a healthy 
hirsband  contracts  tuberculosis  from  a consumptive  wife,  or  vice  versa. 

It  must  be  home  in  mind  that  not  otdy  is  the  actual  expectoration  of 
tuberculous  j>atients  infective,  but  jiarticles  of  mucus  expelled  in  the  .act 
of  coughing  also  contain  virulent  bacilli;  the  “ spray  ” of  the  cough  is 
thus  an  important  source  of  infection,  especially  in  advanced  c.ases  of 
pulmonary  tuberculosis. 
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2.  The  milk  from  cattle,  the  subjects  of  tuberculosis  of  the  internal 
organs  and  of  the  udder,  if  consumed  in  the  raw  state,  is  another  source 
of  infection.  When  the  udder  is  not  diseased  the  milk  is  not  infective, 
and  never  contains  tubercle  bacilli  ; although  it  must  be  remembered 
that  tuberculosis  of  the  udder  may  supervene  at  any  time  in  a tuberculous 
cow.  Experimentally  this  has  been  definitely  proved.  With  the  milk 
of  eight  cows,  the  subjects  of  tuberculosis  in  varying  degrees  from  a very 
slight  amount  of  disease  to  advanced  and  generalised  tuberculosis,  but 
without  disease  of  the  udder,  twenty-six  animals  (i-odents)  were  inoculated, 
and  forty-one  animals  (guinea-pigs,  pigs,  and  rabbits)  were  fed  ; none 
developed  tuberculosis.  On  the  other  hand,  when  the  udder  is  diseased 
the  milk  usually  contains  tubercle  bacilli,  which  are  discoverable  on  a 
microscopical  examination.  If  the  disease,  however,  be  not  far  advanced, 
it  may  be  difficult  or  impossible,  within  practical  limits,  to  discover 
tubercle  bacilli,  although  these,  as  shewn  by  the  results  of  inoculation 
and  feeding,  are  present.  Thus,  to  quote  the  experimental  results : with 
the  milk  of  five  tuberculous  cows,  suffering  from  tuberculosis  of  the 
internal  organs,  varying  in  degree,  and  with  varying  degi’ees  of  tuber- 
culosis of  the  udder,  twenty-one  animals  were  inoculated — all  developed 
tuberculosis  ; twenty-seven  animals  were  fed- — nineteen  developed  the 
disease.  The  milk  given  by  such  cows  is,  therefore,  very  A’irulent,  and 
must  be  considered  as  the  chief  mode  by  which  an  ingestion-tuberculosis 
occurs  in  man.  The  butter  made  from  such  milk  (even  when  diluted 
with  normal  milk),  the  buttermilk,  and  skim-milk  are  also  highly  infective, 
and  produce  tuberculosis  both  by  inoculation  and  by  feeding.- 

Milk  is  a source  of  infection  chiefly  in  children,  for  whom  in  the  early 
years  of  life  it  ought  to  form  the  chief  article  of  diet ; to  the  ingestion  of 
milk  are  no  doubt  to  be  asci-ibed  a large  proportion  of  the  cases  of  in- 
testinal tuberculosis  and  of  tuberculous  peritonitis  that  occur  in  children. 
In  some  instances  it  has  been  directly  shewn  that  milk  is  a source  of 
infection  in  childhood  (Demme),  producing  intestinal  tuberculosis.  Some 
cases  where  tuberculosis  has  affected  the  socket  of  a lost  tooth  are  also 
possibly  ascribable  to  milk.  It  must  be  granted,  from  the  experiments 
in  pigs,  to  which  allusion  has  already  been  made,  that  it  may  likewise  be 
a source  of  tuberculous  (scrofulous)  glands  in  the  neck.  The  sputum,  or 
any  tidierculous  material  that  gets  into  the  mouth,  may  of  course  aftcct 
these  glands  also,  and  children  cuawling  about  on  the  floor  are  liable  to 
get  their  hands  infected  ; thus  tubercle  bacilli  have  been  found  under  the 
nails  of  young  children  (Dieudonn6).  The  practical  importance  of  such 
a mode  of  infection  is  difficult  to  estimate.  As  far  as  milk  is  concerned 
the  danger  is  710  doul)t  dimii7ished,  because  ii7  hu’ge  towns  the  milk  of  jdl 
the  cows  of  a herd  is  mixed,  pi-oducing  a more  uniform  qmdity.  But 
this  is  not  always  so ; the  milk  of  a single  cow  is,  from  an  erroneous 
belief  in  its  superiority,  frequently  used  for  feeding  childi-en  ; and  even 
when  such  milk  is  mixed  with  non-tuberculous  milk,  it  is  quite  possible 
for  one  individiiixl  to  get  a sufficient  dose  of  the  virus  to  pi-oduco 
tuberculosis.  Infection  by  milk  is  prevented  by  boiling  it  for  at  leiist  a 
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minute.  As  soon  as  tuberculous  cattle  are  rigidly  excluded  from  the 
dairy  it  can  scarcely  be  doubted  that  there  will  be  a great  diminution  in 
case's  of  abdominal  tuberculosis  in  children.  The  proportion  of  primary 
abdominal  aliection  in  this  country  is  calculated  by  Dr.  Still  and  by  Dr. 
Shennan  as  approximately  30  per  cent.  In  the  United  States  it  is  appar- 
ently much  lower  (under  2 per  cent,  Bovaird),  and  also  on  the  continent 
of  Europe,  Biedert  finding  only  sixteen  cases  of  such  primary  disease  in 
3104  autopsies,  and  Baginsky  failing  to  find  among  933  cases  a single 
instance  in  which  the  abdominal  organs  were  alone  affected. 

3.  The  meat  removed  from  tuberculous  cattle  is  infective  in  a varying 
and  somewhat  irregular  manner.  Experiment  has  shewm  that  the  in- 
fection depends,  not  on  tuberculous  lesions  in  the  muscular  tissue  itself, 
but  on  the  contamination  of  the  meat  during  its  removal  from  the 
carcase ; either  by  the  meat  touching  a tuberculous  pai-t,  or  by  infection 
from  the  butcher’s  knife  or  cloth  which  has  previously  incised  or  wiped 
a tuberculous  part.  Besides  this  superficial  contamination,  tuberculous 
glands,  either  the  lumbar  or  popliteal  glands,  are  not  infrequently  left  in 
the  carcase  when  sold,  and  these  might  in  some  instances  be  imperfectly 
cooked,  and,  containing  living  bacilli,  wmuld  when  swallowed  be  a source 
of  danger.  Tuberculous  lesions  of  the  muscular  tissue  itself  are  extremely 
rare,  and  do  not  account  for  the  tuberculosis  which  results  from  the  in- 
oculation or  feeding  of  animals  Avith  the  meat.  The  results  of  experiments 
made  to  test  the  infectivity  of  meat  may  be  quoted.  Meat  from  twenty-one 
cows,  which  were  in  varying  stages  of  tuberculosis  from  mild  to  advanced, 
was  inoculated  into  forty-eight  animals ; of  these,  ten  developed  tuber- 
cidosis  ; 102  animals  (guinea-pigs  and  pigs)  were  fed  on  it,  and  six 
developed  tuberculosis  (S.  Martin).  It  is  thus  seen  that  raw  meat  is  a 
much  less  infective  material  than  raw  milk.  The  danger  of  meat  in  the 
production  of  tuberculosis  is  diminished  by  cooking,  since  by  any  mode 
of  cooking — whether  roasting,  broiling,  or  boiling — the  surface  of  the 
meat  is  raised  to  a temperature  which  is  fatal  to  the  tubercle  bacilli  con- 
tained in  the  tuberculous  material  contaminating  it.  Raw  meat  is  some- 
times given  medicinally,  and,  unless  precautions  be  taken,  this  may  be  a 
source  of  tuberculosis.  The  more  advanced  the  tuberculosis  of  the  cow, 
the  more  likely  is  the  meat  to  be  infective ; therefore,  no  meat  ought  to 
1^  passed  for  use  as  food  from  a cow  in  which  the  anatomical  distribution 
of  the  di.sea.se  .shews  that  it  has  become  generalised. 

Tuberculous  pigs  constitute  a specially  dangerous  source  of  food,  since 
in  these  animals  the  disease  is  apt  to  become  generalised,  and  it  is  diflicult 
to  sey>'irate  the  infected  from  the  sound  parts  of  the  carcase. 

4.  Tuhermlf/us  organs  or  tuhcrculous  parts  removed  by  operation,  as  well 
a.s  the  normal  exci'eta  from  organs  which  arc  the  seat  of  the  disease,  may 
D;  .sources  of  infection  in  tuberculosis.  Oi'gans  fi’om  the  slaughter-house 
given  to  animals  may  produce  tuberculosis  in  them,  and  all  tuberculous 
parts  when  dried  may,  like  the  sputum,  be  sources  of  infection.  All  such 
parts  ought  either  to  be  de.stroycd  by  heat,  as  in  the  case  of  solid  organs 
and  parts,  or  rendered  sterile  by  antiseptics,  a.s  in  the  case  of  urine  and 
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f.Tccs ; these  precautions  would  prevent  at  least  some  of  the  cases  of 
tuberculosis  in  animals,  and  possiblj'^  in  man  also. 

Preventive  Measures.— It  is  evident  from  what  has  been  said  of  the 
sources  of  infection  that  they  are  all  prevcntible.  As  regards  the  milk 
and  the  meat,  public  regulations  for  limiting  the  supply  of  milk  to  that 
from  healthy  cows  alone,  and  for  preventing  the  sale  of  meat  from  cattle 
in  an  advanced  stage  of  tuberculosis,  are  necessarj'' ; and  would,  no  doubt, 
in  time  remove  meat  and  milk  from  the  list  of  sources  of  tuberculous 
infection.  Public  regulations,  however,  develop  slowly,  and  not  infre- 
quently are  imperfectly  carried  out;  but  as  regards  milk,  tuberculous 
infection  is  so  readily  destroyed  by  boiling  that  this  ought  to  be  done  as 
a precautionary  measure  by  every  householder.  Similarly  with  the  meat 
from  tuberculous  cattle,  to  sterilise  the  suiface  would,  in  the  majority  of 
instances,  be  sufficient  to  destroy  the  infectivity  of  the  material.  The 
destruction  of  tuberculous  organs  removed  in  the  slaughter-house  ought 
to  be  compulsory,  and  such  organs  ought  not  to  be  used  in  any  way 
whatever.  No  part  of  the  carcase  of  a tuberculous  pig  should  be  used 
for  food.  Efficient  inspection  of  all  meat  intended  for  sale  must  be 
carried  out,  and  it  has  been  suggested  that  fixed  stations  should  be  estab- 
lished for  the  examination  of  all  meat  brought,  for  instance,  to  London, 
the  introduction  of  meat  by  other  routes  being  prohibited.  Stringent 
supervision  of  all  slaughter-houses  is  absolute^  essential,  and  the  sub- 
stitution of  public  abattoirs  for  private  yards  is  urgently  called  for,  as 
the  only  means  of  rendei’iiig  such  supervision  possible. 

The  destruction  of  parts  removed  by  an  operation  is  usually  effectively 
performed ; when  preserved  in  alcohol  the  tubercle  bacilli  are  killed,  and 
when  not  preserved  the  parts  are  usually  burnt.  The  urine  can  only  be 
a source  of  infection  in  tuberculosis  in  rare  instances ; but  it  is  evident 
(inasmuch  as  intestinal  tuberculosis  with  diarrhoea  is  so  common  an  in- 
fection both  in  man  and  animals)  that  the  fseces,  after  drying  in  the  stall, 
or  after  contaminating  the  bed-pan,  may  frequently  be  a source  of  infection. 
In  the  case  of  human  beings  the  use  of  antiseptics,  such  as  carbolic  acid 
or  hydrochloric  acid,  is  sufficient  to  destroy  the  infection;  and  cattle, 
wlien  they  come  to  the  stage  of  an  exhausting  diarrhoea  due  to  intestinal 
tuberculosis,  ought  to  be  slaughtered  and  the  stalls  disinfected.  Lastly, 
the  sputum  is  a prevcntible  source  of  infection.  No  state  regulations 
will  make  people  careful  in  the  disposal  of  tuberculous  sputum ; but  as 
soon  as  consumptive  individuals  are  educated  to  understand  that  the 
sputum  which  they  bring  up  from  the  lungs  is  a source  of  danger  not 
only  to  those  surrounding  them,  but  to  themsch''es,  and  that  the  danger 
can  be  obviated  by  a very  little  care,  precautionary  measures  will,  tio 
doubt,  be  taken  by  these  persons,  and  in  this  Ava}'^  the  most  common 
cause  of  pulmonary  tuberculosis  Avill  be  prevented.  Patients  with  pul- 
monary tuberculosis  should  be  instructed  to  occupy,  if  possible,  separate 
bedrooms ; to  cough  oidy  into  a special  handkerchief  which  can  be  daily 
disinfected  or  destroyed ; to  use  a special  I'eceptacle  for  the  expectora- 
tion, which  must  be  carefully  sterilised  ; and  to  avoid  kissing  the  members 
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of  their  families  on  the  lips.  The  necessary  instructions  and  advice  may 
be  given  either  by  special  Health-visitors  or  by  leaflets  distributed  at 
hospitals  and  dispensaries. 

A serious  danger  undoubted!}’’  arises  from  cases  of  advanced  tuber- 
culosis of  the  lungs  occurring  in  poor  persons  ’who  cannot  receive  due  care 
and  assistiince.  Hospitals  for  such  cases  should  be  provided  by  municipal 
authorities,  just  as  they  are  notv  pro’vided  for  the  acute  infective  fevers. 
To  facilitate  measures  of  isolation  and  disinfection,  as  -well  as  the  dis- 
i semination  among  sufterers  of  knowledge  as  to  the  nature  of  the  risks 
involved,  and  of  the  measures  to  be  adopted  to  obviate  them,  compulsory 
notification  of  the  disease  to  the  Health  Authority  should  be  instituted, 
due  care  being  taken  to  adapt  the  measures  taken  to  the  real  needs  of 
the  case,  avoiding  any  unnecessary  disturbance  of  family  relations  and 
the  creation  in  the  mind  of  the  public  of  any  exaggerated  fear  of  the 
contagiousness  of  tuberculosis.  Rooms  -which  have  been  occupied  by 
patients  d}dng  of  consumption  should  be  carefully  disinfected. 

Tuberculosis  is  not  a disease  in  which  the  infective  agent,  the  tubercle 
bacillus,  is  so  widely  distributed  that  no  precautionary  measures  are 
available  against  its  spread  and  its  invasion.  The  bacillus  is  not  a sapro- 
phyte. It  exists  only  in  tuberculous  lesions  and  in  the  products  of  their 
degeneration ; thus,  in  the  human  being  tuberculous  infection  tends  to 
become  limited  to  places  inhabited  by  consumptives ; and  in  cattle  it  is  a 
disease  of  the  stall. 

Immunity  is  either  natural  or  acquired.  In  tuberculosis,  under 
certain  conditions,  there  is  a relative  local  immunity  of  some  tissues  and 
organs  which  prevents  their  invasion  by  the  disease.  There  is  a natural 
immunity  both  in  some  men  and  in  some  animals ; thus  certain  races  of 
mankind  («.y.  Jews)  suffer  comparatively  little  from  tuberculosis,  and 
some  species  of  animals,  such  as  the  Carnivora  in  a wild  state,  never 
exhibit  spontaneous  tuberculosis. 

1/jcal  Immunity  of  Tissues. — This  has  already  been  indicated  in  dis- 
cussing the  parts  most  frequently  affected  by  tuberculosis,  but  there  are 
certain  parts  so  rarely  affected  by  the  disease  that  they  may  be  considered 
naturally  immune.  When  tuberculosis  affects  man  or  animals  it  is  a 
local  disease,  inasmuch  as,  however  many  parts  may  be  affected,  only 
those  pjirts  that  contain  the  lesions  are  infective,  and  each  focus  of  disease 
h;is,  so  to  speak,  a separate  existence  and  course  of  its  own.  Parts  of 
the  human  being  which  are  relatively  immune  to  tuberculosis  are  the 
mucous  membranes  of  the  mouth,  i)harynx,  cesophagus,  stomach,  and  first 
jwrt  of  the  ducKlenum.  Not  that  tuberculosis  has  never  been  observed 
in  these  parts,  but  it  occurs  very  rarely,  and  only  in  advanced  cases  of 
the  disease.  The  absence  of  infection  of  the  pharynx  and  cesophagus  in 
tuberculosis  i.s  to  be  explained  by  the  rajud  passage  of  tlie  infective 
material  through  them  in  swallowing,  the  mucous  membrane  being, 
moreover,  protected  by  stratified  epithelium.  In  the  stomach  and  first 
part  of  the  duodenum  the  hydrochloric  acifl  in  the  gastric  juice 
prevents  the  development  of  the  tubercle  bacillus,  and  may  even  be 
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fatal  to  it.  Muscular  tissue  is  rarely  aftected  by  tul)erculosis,  and 
this,  again,  is  perhaps  to  be  ascrilied  to  the  acid  which  is  formed  l)y. 
the  muscles  during  their  conti-action ; in  an  acid  medium  the  tubercle 
bacillus  cannot  grow.  Tuberculosis  of  muscle,  however,  does  occur,  Imt 
only  in  advanced  cases  of  the  disease,  and  chiefly  in  animals.  The 
thyroid  gland  is  another  part  which  is  very  rarely  infected.  Keference 
lias  already  been  made  to  the  relative  immunity  of  the  kidneys  in  cases 
of  experimental  tuberculosis  in  guinea-pigs.  In  rabbits,  on  the  other 
hand,  the  kidneys  are  frequently  affected  in  generalised  tuberculosis,  and 
they  are  affected  in  cattle,  pigs,  and  other  animals,  as  Avell  as  in  man. 

Immunity  to  Natural  Tuberculosis  is  only  a relative  term ; it  does  not 
mean  that  the  disease  cannot  be  conveyed  to  animals  b}’’  inoculation  or 
feeding.  Animals  differ  in  the  frequency  with  which  they  are  natuially 
liable  to  the  disease,  and  in  their  resistance  against  the  inoculation 
of  tuberculous  material.  Tuberculosis  is  a natural  disease  in  man,  cattle, 
pigs^  and  birds  in  a state  of  domesticity.  It  is  rare  in  sheep,  goats, 
horses,  dogs,  and  cats.  It  is  a disease,  therefore,  of  man  who  lives  in 
houses,  and  of  cows  which  are  kept  in  stalls.  In  spite  of  the  high 
mortality  caused  by  tuberculosis,  mankind  appears  to  be  somewhat  re- 
fractory to  the  infection.  Thus,  healed  tuberculous  lesions  are  commonly 
found  at  necropsies  on  persons  who  have  died  from  other  causes,  .shewing 
that  spontaneous  cure  frequently  takes  jfface ; indeed  Naegeli  states  that 
the  bodies  of  all  persons  over  thirty  years  of  age,  if  completely  examined, 
shew  traces  of  some  tuberculous  lesion.  In  view  of  this  observation,  and 
of  the  good  effects  produced  in  tuberculous  subjects  by  such  conditions  as 
an  open-air  life  and  plentiful  feeding,  as  well  as  of  the  inffuence  of  in- 
sanitary surroundings  in  producing  the  disease,  it  seems  probable  that  in 
an  ideal  human  community,  the  members  of  which  were  adequately  fed 
and  clothed  and  lived  healthy  open-air  lives,  obeying  the  elementary  laws 
of  sanitation,  the  mortality  from  tuberculosis  would  be,  if  not  entirely 
extinguished,  at  least  I'educed  to  an  insignificant  figure. 

In  cattle  the  disease  is  very  frequent  in  certain  places.  From  10  to 
20  per  cent  of  all  cows  shew  tuberculosis,  the  degree  of  prevalence  vary- 
ing in  different  parts,  and  to  some  extent  according  to  the  breed  of  the 
cow.  Thus  in  Denmark  31  per  cent  of  cattle  were  found  to  react  to 
tuberculin,  in  Sweden  42  per  cent,  in  Belgium  60  per  cent,  but  in 
Norway  only  8 per  cent.  In  Germany  the  proportion  varies  according 
to  locality  between  37  and  97  per  cent.  The  Berlin  slaughter-houses 
recorded  in  1899  a proportion  of  rather  less  than  20  per  cent  of  tuber- 
culous animals.  Among  cows  alone  in  Sa.xoiiy  the  ratio  increases  ■"  hli 
the  age  of  the  animals,  99  per  cent  of  all  those  over  four  jmars  exhibiting 
some  tuberculous  lesion.  In  Japan  tuberculosis  is  rare  among  cattle,  though 
common  among  mankind.  Disease  of  the  udder  is  not  a very  common 
manifestation,  occurring  in  perhaps  Do  per  cent  of  all  infected  animals 
(Dollar).  Pigs  come  far  behind  cattle  in  their  suscei)tibility  to  natural 
tuberculosis.  Out  of  336,972  pigs  slaughtered  in  Saxony  in  1891  (a 
country  in  which  bovine  tuberculosis  is  very  frequent)  only  0’28  per  cent 
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were  tuberculous.  In  Copenhagen,  however,  the  jjorcentage  of  tuber- 
culous swine  was  15'S  in  1890-93,  and  in  Berlin  1'55  in  1892-93.  In 
Ghisgow  (1904)  4‘24  per  cent  of  pigs  Avere  found  to  be  tuberculous.  In 
the  Netherlands  (1903-4)  the  proportion  Avas  I'o  per  cent,  and  in  some 
piirts  of  Germany  a percentage  of  5 '7  9 Avas  recorded  (Buchanan). 

In  Saxony,  out  of  85,701  sheep  slaughtered  in  1891,  30  were 
tuberculous,  or  0'035  percent.  In  Copenhagen  the  percentage  (1890-93) 
was  0-0003,  and  in  Berlin  (1892-93)  0‘0003.  Horses  very  rarely  con- 
tract tuberculosis,  and  dogs  and  cats  still  more  rarely.  Goats  are  not 
immune  to  the  disease — a point  of  some  importance,  seeing  that  their 
milk  is  not  infrequently  used  for  feeding  infants.  Eichhorn  found  that 
: in  a herd  of  twenty-eight,  nineteen  animals  reacted  to  tuberculin.  The 
1 domestic  carnivora — dogs  and  cats — A^ary  somcAvhat  in  this  respect.  An 
; adult  dog  Avill  resist  the  subcutaneous  injection  of  an  amomit  of  tuber- 
I culous  material  which  would  produce  generalised  tuberculosis  in  a rodent 
I or  in  a cow ; no  local  lesion  is  produced  in  the  dog,  which  retains  its 
! health.  On  the  other  hand,  tuberculosis  can  be  transmitted  to  dogs 
I the  intravenous  or  intraperitoneal  injection  of  a large  quantity  of  bacilli. 
: Similar  remarks  apply  to  adult  cats ; but  kittens  are  readily  infected 
I by  the  disease,  either  by  inocidation  or  by  feeding  with  tuberculous 
I material.  Of  aU  the  domestic  animals,  therefore,  carnivora  shew  the 
; greatest  resistance  to  the  deAmlopment  of  tuberculosis  experimentally. 
A still  greater  immunity  is  possessed  by  the  Algerian  rat,  already  referred 
' to.  This  animal,  although  it  does  develop  tuberculosis  after  inoeulation, 

’ lives  for  seven  or  eight  months ; and  Avhen  killed  and  examined,  well- 
I marked  retrogressive  changes  are  found  in  the  tuberculous  lesions.  The 
■resistance  exhibited  by  fowls  against  the  inoculation  of  human  tuber- 
culous material  has  been  pointed  out.  It  is  also  difficult  to  produce 
a generalised  tuberculosis  in  guinea-pigs  by  avian  tuberculous  material, 
.although  this  difficulty  does  not  exist  in  rabbits. 

Mechanim,  of  Immunity. — It  is  eAudent  from  Avhat  has  been  said  that 
: the  question  of  immunity  is  as  difficult  of  explanation  in  tuberculosis  as 
:it  is  in  any  other  disease.  The  nature  of  the  disease  suggests  that 
•the  ti.s3ue-cells  play  an  important  part  in  the  conflict  Avith  the  bacilli, 
and  Behring’s  researches  support  this  opinion.  On  the  other  hand, 
Metchnikoff  emphasises  the  Avork  done  by  leucocytes  in  devouring  the 
biicilli  (phagocytosis),  and  Sir.  A.  E.  Wright’s  researches  on  Opsonins  {vide 
p.  139)  have  thrown  a gleam  of  light  upon  this  factor  in  immunity. 
Tuberculous  persons  may  possess  in  theii-  blood  either  more  or  less 
opsonins  than  norma]  individuals.  How  far  this  phagocytic  process 
represents  the  e.s.sential  factor  in  immunity  is  yet  unccrbiin,  but  the 
opsonic  index  appears  to  i-iin  parallel  Avith  the  agglutinative  ])OAvcr 
of  the  .serum,  and  to  constitute  a inea.surc  of  the  resistance  of  the 
individual. 

Artificial  Irnmnnity. — Attempts  to  increase  the  resisbince  of  suscci)tiblo 
animals  to  tuberculosi.s,  by  means  of  inoculation  of  the  bacilli  or  of  their 
products,  have  been  made  by  many  Avorkers  in  the  Held  of  bacteriology. 
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Thus,  Koch  has  claimed  to  produce  immunity  by  injections  of  his  tuber- 
culins  and  of  an  emulsion  of  the  bacilli,  Behring  by  inoculation  Avitli  the 
substance  of  bacilli  which  have  been  deprived  of  their  toxic  properties  by  4 
extraction  with  ether  and  other  reagents.  Moeller  and  Friedmann  have  T 
immunised  guinea-pigs  by  injection  of  bacilli  derived  from  cold-blooded 
animals  ; and  in  cattle  some  degree  of  immunity  is  produced  by  inoculation  *1 
with  human  bacilli.  On  account  of  the  risk  involved,  few  attempts  have  i’J 
been  made  to  create  artificial  immunity  in  man,  except  by  Koch’s  M 
preparations;  but  Maragliano  has  injected  dead  bacilli  subcutaneously,  ^ 
and  asserts  that  he  has  produced  increased  resistance  by  this  means ; and  IA 
Klemperer  has  inoculated  himself  and  others  with  living  bovine  bacilli  9 
without  further  ill  effects  than  a local  sore.  Calmette  and  Gu6rin  find  9 
that  oral  administration  of  dead  bacilli  is  capable  of  producing  immunity  9 
in  animals  ; and  suggest  that  children  might  be  similarly  jjrotected  ; and  M 
V.  Behring  has  recently  (1905)  held  out  hopes  that  his  preparation  (“tulase”)  Q 
may  be  applicable  to  mankind,  but  the  details  are  not  yet  published.  9 

The  etiology  of  tuberculosis  is  centred  round  the  Bacillus  tuber-  I 
culosis ; where  this  does  not  enter  the  body  no  tuberculosis  can  be  , 1 
manifested,  and  the  other  diseases,  which  have  just  been  considered,  I 
only  dispose  to  the  reception  and  implantiition  of  the  micro-organism  { I 
from  the  environment.  M 

Although  tuberculosis  is  most  frequent  between  the  ages  of  fifteen  I 
and  twenty-five  j'^ears,  it  may  occur  at  any  period  of  life.  It  is  said,  f I 
indeed,  that  at  every  age-period  the  ratio  of  deaths  from  consumption  to  ! 1 
the  total  number  of  persons  living  at  that  age  remains  curiously  con-  U 
stant  (T.  D.  Lister).  In  rare  instances  tuberculosis  may  be  congenital  || 
— passed  on,  that  is,  from  the  mother  to  the  foetus  when  the  mother  is  1 1 
tuberculous  and  the  placenta  is  affected.  In  childhood  and  adult  life  the 
disease  is  always  an  infection,  but  may  be  influenced  in  some  cases  by  an  \ I 
inherited  condition  of  body.  How  far  heredity  conspires  in  the  production 
of  tuberculosis  it  is  impossible  to  say.  Several  members  of  a family,  the  f 1 
offspring  of  tuberculous  parents,  may  exhibit  the  disease,  but  this  is  no  | ■ 
strong  argument  in  favour  of  the  inheritance  of  what  has  been  called  the  ^ I 
“tubercular  diathesis”;  if  members  of  a family  live  together  and  die  off  I 
successively,  the  family  is  constantly  surrounded  by  infective  material,  P 
the  danger  of  which  is  unappreciated : it  may  well  be,  then,  that  many  * I 
cases  of  so-called  heredity  are  only  cases  of  infective  surroundings.  I 
Nevertheless,  noteworthy  instances  occur  in  which  many  mcmhers  of  J 

a family  scattered  over  the  world  succumb  to  the  disease,  so  that  some  ^ 

special  susceptibility  appears  to  exist  in  particular  human  stocks.  In 
determining  the  question  of  heredity,  not  only  must  inherited  defects  in 
the  structure  of  the  thoracic  walls,  of  the  lungs  themselves,  and  of  the 
heart  be  taken  into  account,  but  also  the  mode  of  life,  and  the  influence 
of  surroundings  on  the  individual. 

Tuberculosis  is  a disease  which  affects  the  sexes  equally.  Pregnancy, 
in  some  instances,  delays  the  progress  of  the  disease,  which,  howeve^ 
often  increases  rapidly  after  confinement,  because  lactation  is  beyond 
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the  poNvers  of  the  patient.  Climate  and  conditions  of  soil  have  but 
little  influence  on  the  development  of  tuberculosis,  although  drainage 
has  been  shewn  to  have  an  influence  on  the  mortality  from  the  disease 
(Buchanan). 

Some  of  the  principal  factors  in  undermining  the  natural  resistance 
of  mankind  to  tuberculosis  can  be  readily  indicated. 

The  eftect  of  alcohol  on  the  bodj^  must  be  one  of  these,  since 
:in  those  suftering  from  the  abuse  of  alcohol  tuberculosis  is  not  an 
uincommon  disease,  and  runs  a rapid  course.  Syphilis  is  another  disease 
•'which  diminishes  the  resistance  to  tuberculosis ; and  also  diabetes,  in 
•'which  tuberculosis  is  not  uncommonly  the  cause  of  death.  In  cancer, 
cof  whatever  part,  a tubercidous  lesion  in  the  lungs  is  very  common. 
^Obsolescent  or  retrograde  tubercle  in  the  lungs  occurs  in  about  nine  per 
cient.  of  all  necropsies,  and  of  these  cancer  occurs  in  by  far  the  largest 
iproportion.  In  Dr.  Fowler’s  statistics  they  form  about  two-fifths  of  the 
ocases,  and  in  Dr.  S.  Martin’s  about  two-sevenths.  These  statistics  'were 
'Obtained  from  the  Middlesex  Hospital,  where  a large  number  of  cases 
i.of  cancer  die  every  year.  In  Heitler’s  statistics,  obtained  from  the 
IPathological  Institute  of  Vienna,  the  proportion  of  cases  of  obsolete 
tcubercle  found  in  cancer  was  one-seventh  of  all  cases  examined  post 
nmortem.  In  cancer  pidmonary  tuberculosis  is  rarely  in  an  active  state, 
i’OUt  is  almost  always  retrograde ; and  considering  its  frequency,  it  maj'^ 
'oe  said  that,  although  the  condition  induced  by  cancer  tends  to  the 
r.nvasion  of  the  body  by  the  tirbercle  bacillus,  it  is  not  favourable  to 
:hhe  spread  of  the  disease. 

Congenital  malformation  of  the  heart,  especially  stenosis  of  the 
[pulmonary  artery,  is  a potent  disposing  cause  of  tuberculosis  of  the 
I'.ungs.  ilitral  stenosis,  on  the  other  hand,  is  said  to  co-exist  very  rarely 
»with  such  affection,  but  it  is  certainly  not  an  absolute  bar  to  the 
^currence  of  consumption. 

Conditions  of  diminished  resistance  to  the  disease  are  also  observed 
i:n  indinduals  who  may  be  said  to  be  generally  non-resistant  to  infective 
i;  lisea.se ; those,  for  example,  whose  bodily  health  is  diminished  by  woriy 
und  exce.ssive  work,  insufficient  exercise,  life  in  a close  atmosphere, 
trrregular  or  insufficient  food ; tho.se  who  inherit  from  their  ancestors  a 
I'^ertain  weak  condition  of  body,  and  those  Avho  are  readily  affected  by 
^changes  of  temperature  or  by  changes  in  mode  of  life. 

There  can  be  little  doubt  that  previous  injury  to  a part  is  in 
■some  cjises  favourable  to  the  invasion  of  the  tubercle  bacillus;  but 
•-he  kind  of  irijimy  is  difficult  to  specify.  In  the  case  of  pulmonary 
mberculosis  the  disejise  not  infrcfiuentl}^  appears  after  measles  and 
'whooping-cough,  in  both  of  which  catarrh  of  one  or  other  part  of  the 
respiratory  tnict  takes  place.  Similarly,  the  irdialation  of  certain  kinds 
of  dust  (vegetable,  animal,  or  mineral),  by  inflicting  an  injury  on  the 
lung,  may  be  considered  to  dispose  to  [udmonary  tubercnlo.sis.  But  this 
agency,  again,  is  extremely  difficult  to  determine,  ina.smuch  as  if  dust  be 
inhaled,  as  it  usually  is,  in  the  company  of  fellow-workpeo])le,  and  not 

VOL.  ir, — f-T  r.  ir 


290 


SYSTEM  OF  MEDICINE 


uncommonly  in  a close  atmosphere,  it  is  just  as  possible  that  the  inhala- 
tion of  dust  is  not  simply  the  ingestion  of  meUllic  or  other  particles,  but 
also  dried  sputum  which  has  come  from  a consumptive  fellow-worker ; so 
that  the  question  would  not  be  one  of  previous  injury  to  the  organ 
aftected,  but  one  of  direct  infection. 

Pathological  Diagnosis. — The  pathological  diagnosis  of  tuberculosis 
depends  partly  on  the  structure  of  the  tuberculous  lesion,  and  partly  on 
the  distribution  of  the  lesions  in  the  person  or  animal  affected.  As 
regards  the  anatomy,  there  is,  with  the  exception  of  the  presence  of  the 
bacillus,  no  element  in  the  structure  of  the  tuberculous  lesion  which  is 
diagnostic  of  the  disease.  Thus,  the  presence  or  absence  of  the  epithelioid 
cells  is  not  a characteristic  of  tubercle,  nor  is  the  presence  of  giant-cells. 
Epithelioid  cells  may  be  absent  from  a tuberculous  lesion ; and  giant- 
cells,  although  more  numerous  in  tubercle  than  in  other  lesions,  are 
found  normally  as  osteoclasts  in  bone  which  is  being  absorbed,  and  also 
in  other  chronic  inflammatoiy  conditions,  such  as  syphilis,  in  nodules 
formed  round  foreign  bodies,  and  in  some  forms  of  sarcoma.  Necrosis  of 
the  central  part  is  not  characteristic  of  the  tuberculous  lesion,  as  this 
may  occur  in  cases  where  a mucous  membrane  or  an  organ  is  invaded  by 
other  forms  of  cocci  and  bacilli.  This  bacterial  necrosis  is  frequently 
observed  in  animals,  and  has  been  observed  in  man  ; it  is  characterised 
by  the  presence  in  the  part  affected  of  whitish  or  whitish-jmllow  nodules 
microscopically  consisting  of  a round-celled  infiltration — a leucocytic 
infiltration,  that  is — which  undergoes  necrosis  in  the  central  part  in 
practically  the  same  manner  as  in  tuberculosis.  The  name  “pseudo- 
tuberculosis ” has  been  applied  to  such  conditions  as  closely  simulate 
tuberculous  formations.  Small  nodules,  with  or  without  central  casea-i 
tion,  may  be  caused  by  the  glanders  bacillus,  by  a special  organism 
{B.  pseudo-tuberculosis),  by  some  varieties  of  streptothrix,  by  the  mould 
Aspergillus  fumigatus,  and  by  certain  forms  of  yeast.  In  sheep  and  pigs 
nematode  worms  (strongylus)  give  rise  to  nodules  in  the  lungs  resembling 
tubercles.  The  lesions  caused  by  the  ray- fungus  (adinomyces)  also 
present  some  likeness  to  tuberculous  infiltration  and  excavation. 

That  which  is  absolutely  distinctive  of  a tuberculous  lesion,  and 
distinguishes  tuberculous  necrosis  from  other  forms  of  bacterial  necrosis,, 
is  the  presence  of  the  bacillus  tuberculosis ; if  the  tissue  be  stained  in 
the  manner  directed  and  the  bacillus  found,  the  lesion  is  tuberculous. 
The  presence  of  other  acid-fast  bacilli  only  rarely  gives  rise  to  difficulties 
in  diagnosis ; but  in  lesions  of  the  urinary  organs  the  smegma  bacillus 
may  be  a cause  of  error,  and  occasionally  similar  organisms  have  been 
found  in  sputum  and  in  the  pus  from  abscesses.  As  a rule,  these 
bacteria  are  decolorised  by  treatment  with  absolute  alcohol,  and  they 
are  less  resistant  to  strong  acids  (30  per  cent)  than  the  true  B.  tuber- 
culosis. Inoculation  of  animals  will  satisfactorily  establish  the  nature  of 
such  organisms.  A mixed  infection  may  occur ; that  is,  there  may  be  a 
tuberculous  infection  producing  its  characteristic  lesion,  and,  in  addition, 
an  infection  by  other  forms  of  bacteria — for  example,  streptococci;  in 
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this  case  both  the  bjvcillus  tuberculosis  and  the  other  forms  of  bacteria  are 
found  in  the  necrosed  tissue  and  among  the  leucocytes  surrounding  it. 

The  second  point  by  which  tuberculosis  may  be  diagnosed  is  the 
. distribution  of  the  lesions.  Although  the  distribution  varies  in  individual 
I cases,  as  the  tuberculosis  is  localised  or  becoming  generalised,  yet  in  every 
;case  there  is  evidence  of  infection.  For  example,  taking  the  local  tuber- 
culosis of  the  lungs  as  it  occurs  in  man,  there  is  the  older  lesion  at  the 
apex  of  the  lung,  and,  spreading  from  this  towards  the  base  of  the  lung, 
; there  are  numerous  recent  lesions  in  the  form  of  the  granulomas  which 
are  diagnostic  of  the  disease.  Again,  in  ulceration  of  the  intestine,  it  is 
: not  so  much  the  transverse  direction  of  the  ulcers  and  their  occurrence  in 
:the  lower  part  of  the  ileum  which  establish  the  diagnosis,  as  the  presence 
of  miliary  tubercles  in  the  base  of  the  ulcer  or  beneath  the  peritoneal 
ccoat.  Ajid  so  with  the  other  forms  of  local  tuberculosis. 

Symptoms  of  Tuberculosis. — It  is  difficult  to  describe  the  symptoms 
• of  tuberculosis  as  a disease,  inasmuch  as  they  are  complicated,  and 
rfrecjnently  obscured,  by  the  special  symptoms  which  arise  when  tuber- 
culosis affects  an  important  part.  In  common  Avith  other  infective 
disorders  it  is  a febrile  disease,  and  it  is  knoAvn  from  experiment  that  it 
ihas  a period  of  incubation.  This  is  not  observable  in  man,  inasmuch  as 
:the  lesions  of  tuberculosis,  giving  rise  to  few  symptoms  and  physical 
•signs  in  the  early  stages,  are  not  discoverable  till  some  time  after  they 
are  formed. 

As  regards  symptoms,  tuberculosis  may  be  described  as  a chronic 
•febrile  disorder,  associated  AA'ith  Avasting  and  frequently  leading  to  death. 
TThe  fever  varies  greatly.  In  rapid  and  advancing  cases  it  may  be  high 
i.and  continuous  for  a long  period.  In  cases  Avhich  adA^ance  less  rapidly 
it  may  be  a Uqjical  hectic  feA'er,  Avith  an  evening  rise  and  morning  fall. 
.'All  A’ariations  between  hectic  and  continuous  fever  are  observed.  In 
rmore  chronic  cases  (and  these  are  the  most  important,  because  of  the 
iiifficulty  in  their  diagnosis)  as  Avell  as  in  the  early  stages  of  cases  in  AA'hich 
fchere  is  great  resistance  to  the  invasion  of  the  disease,  the  fever  becomes 
i rregular : there  is  at  no  time  high  fever,  and  there  may  be  periods  of 
•complete  remi.ssion ; but  the  long  continuance  of  the  fever  leads  to  the 
■'iuspicion  of  tubercle.  Tuberculosis  in  this  respect  forms  a marked  con- 
;.'.rast  to  cancer.  The  fever  is  associated  AA'ith  Avasting,  Avhich  is  frequently 
out  of  all  proportion  to  the  degree  of  it;  and  is  most  imonounced  in 
•ases  in  which  an  important  organ,  such  as  the  lungs,  is  affected,  or  Avhen — 
■w  in  tuberculous  peritonitis  and  enteritis  AA’ith  much  glandular  affection 
— the  al^orption  of  food  is  interfered  Avith.  The  fever  in  all  forms  of 
uWculosis  is  frequently  accompanied  by  night-SAveats,  occurring  in  the 
arly  morning,  Avhen  the  temperatiire  begins  to  fall.  The  SAveating  at 
light  also  is  u.sually  out  of  all  proportion  to  the  degree  of  fever,  and  is 
■hen  due  to  the  general  condition  of  the  jiatient.  It  is,  however,  difficult 
o determine  hoAv  far  the  swejiting  is  due  to  the  action  of  jiyogenetic 
Arganisrns  Avhich  gain  a footing  in  the  tuberculous  lesions. 

Hesides  these  symptoms,  tuberculosis  is  apt  to  ])roducc  anremia,  and 
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also  exercises  a profound  effect  on  other  organs  of  the  body.  Fattv 
change  in  the  heart,  liver,  and  kidneys  is  observed  in  advanced  wises. 
Lardaceous  change  in  the  spleen,  kidneys,  liver,  stomach  and  intestines, 
and  gastric  catarrh,  with  functional  disorders  of  intestinal  digestion,  may 
also  be  present. 

Into  the  physical  signs  of  the  different  forms  of  local  tuberculosis  and 
their  special  symptoms  it  is  not  necessary  to  enter  here,  as  they  are  fully 
described  elsewhere  ; but  it  may  be  remarked  that  the  severity  of  the 
general  symptoms  of  the  disease  depends  upon  the  chronicity  or  acuteness 
of  the  spreading  tuberculosis  ; with  very  chronic  lesions  tliere  are  but  few 
general  symptoms,  since  the  extensive  fibrosis  around  the  chronic  lesion 
shuts  it  in,  preventing  absorption  of  the  toxins  which  produce  the  general 
symptoms.  In  the  acute  lesion,  on  the  other  hand,  the  poisons,  being 
rapidly  absorbed,  produce  severe  constitutional  symptoms.  Other  factors 
necessarily  play  a part  in  producing  the  severity  of  the  symptoms,  namely, 
the  general  condition  of  the  patient  and  the  presence  of  disease  elsewhere 
in  the  body. 

Diagnosis.— The  diagnosis  of  localised  tuberculosis  depends  upon  a 
combination  of  signs  pointing  to  disease  affecting  a particular  organ,  with 
the  general  symptoms  already  descrilied — wasting,  irregular  fever,  and 
night-sweats.  Absolute  confirmation  of  the  suspicions  thus  aroused  is 
only  obtainable  liy  the  discovery  of  the  tubercle  bacillus  in  the  discharges 
from  the  lesion  or  in  portions  of  tissue  removed  for  examination.  The 
recognition  of  tubercidosis  affecting  the  different  organs  of  the  body  is 
discussed  in  detail  in  special  articles  in  this  System.  Here  it  is  onlj'^ 
necessary  to  allude  to  certain  tests  applicable  to  all  forms  of  the  disease 
alike,  and  to  a few  morbid  eonditions  which  may  arouse  a suspicion  of  the 
existence  of  some  deeply  seated  focus  of  tuberculosis  Avithout  localising 
symptoms. 

It  is  now  generally  recognised  that  Koch’s  (old)  tvherculin  affords 
valuable  assistance  in  the  diagnosis  of  latent  tuberculosis.  In  the  disappoint- 
ment Avhich  folloAved  the  exaggerated  hopes  excited  at  the  time  of  its  intro- 
duction, undue  fears  were  excited  as  to  the  dangers  incurred  by  injections 
of  this  substance,  many  authors  maintaining  that  an  acute  outbreak  of 
tuberculosis  was  liable  to  follow  this  procedure.  Further  experience  in 
the  use  of  tuberculin  has  shewn  these  fears  to  be  unfounded,  provided 
that  reasonable  precautions  be  adopted  in  administering  the  drug.  Small 
doses  should  be  employed  for  the  first  injections  (yV  to  i milligramme) , 
these  may  be  raised  to  a maximum  of  5 mgr.  in  the  course  of  ten  ^^■7® 
or  a fortnight  if  no  reaction  occur  with  the  smaller  amounts.  The 
course  of  the  patient’s  temperature  must  be  observed  for  some  days  bcfoic 
the  tuberculin  is  administered,  as  it  is  not  adidsable  to  make  use  ^ 
tost  in  cases  which  already  exliibit  a range  of  fever  rising  to  100  F.  - 
“ positive  ” reaction  is  manifested  by  a I'ise  of  temperature  amounting  to 
2 '5°  F.  This  generally  occurs  in  about  eight  to  tivelve  hours  aftei  t ie 
injection,  and  quickly  subsides,  but  some  febrile  disturbance  ma)'  remain 
for  the  next  two  or  three  days.  The  test  is  not  infallible,  as  a reaction  occin  » 
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now  and  then  in  persons  who  have  no  tuberculous  infection,  especially  in 
s\  philitic  subjects.  It  appbars,  however,  to  be  correct  in  at  least  95  per 
cent  of  cases.  It  must  be  borne  in  mind  that  a reaction  does  not 
necessarily  prove  the  specific  nature  of  any  particular  focus  of  disease ; 
for  example,  if  au  injection  be  administered  to  clear  up  the  diagnosis  in  a 
case  of  arthritis,  the  presence  of  tuberculous  mediastinal  glands  may 
determine  a reaction,  although  the  articular  lesion  is  not  tuberculous.  In 
such  a case  signs  of  additional  inflammation  might  be  expected  to  occur 
in  the  affected  joints  if  they  were  the  seat  of  tuberculosis.  The  injection 
of  tuberculin  is  followed  bj"^  some  symptoms  of  constitutional  disturbance 
— headache,  pains  in  the  limbs,  and  nausea — as  well  as  often  by  a slight 
degree  of  local  inflammation  at  the  site  of  administration.  Koch  re- 
commends the  skin  of  the  back  for  this  purpose,  but  the  position  is 
immaterial. 

It  has  recently  been  suggested  that  a study  of  the  opsonic  index 
(p.  139)  of  the  blood  may  be  used  for  diagnostic  purposes,  a minute 
injection  of  (new)  tuberculin  being  followed  in  a tuberculous  subject  by  a 
fall  in  opsonic  power,  whereas  this  phenomenon  does  not  occur  in  a 
healthy  person.  Further  observation  is  necessary  to  determine  the  value 
of  this  suggestion ; in  any  case  the  test  is  one  which  can  only  be  carried 
out  by  an  experienced  observer. 

Various  methods  have  been  suggested  for  the  recognition  of  tuber- 
culous serous  effusions.  Thus  it  is  found  that  the  cells  which  they 
contain  are  almost  entirely  lymphocytes,  as  contrasted  with  more  acute 
inflammatory  fluids  in  which  polymorphonuclear  leucocytes  predominate 
{cijto-diagnosvi).  This  test  is  of  most  value  in  the  case  of  pleural  effusions  : 
in  the  cerebro-spinal  fluid  the  same  pecidiarity  occurs,  but  it  may  also  be 
met  with  in  other  chronic  conditions,  such  as  tabes  dorsalis  and  syphilitic 
' meningitis.  For  the  discovery  of  tubercle  bacilli  in  inflammatory  fluids 
it  has  been  recommended  that  coagulation  should  be  induced  and  that 
■ the  clot  should  then  be  artificially  digested  : by  spinning  the  resulting 
solution  on  a centrifuge  the  bacilli  are  separated  and  readily  found  in 

• .stained  preparations  of  the  deposit  {inoscopi/,  Jousset).  The  value  of  this 
; procedure  is  disputed.  Failime  to  find  any  organisms  in  an  inflammatory 

• effusion  is  presumptive  evidence  of  its  tuberculous  nature,  since  the 
bacteria  responsible  for  other  forms  are  usually  present  in  sufficient 
quantities  to  be  readily  discoverable.  Injection  of  the  fluid  into 
susceptible  animals  (guinea-jfigs)  may  prove  the  presence  of  tubercle 
iKicilli  when  these  are  not  di.scoverable  with  the  microscope. 

All  conditions  which  give  rise  to  chronic  iiregular  pyrexia  Avithout 
definite  lowdising  signs  may  excite  .suspicion  of  the  jiresence  of  a deeply 
sefited  tuberculous  focus.  Of  these  Ave  may  mention  enteric  fever,  Malta 
fever, syphilis,  infective  endocarditis, sejiticremia  and  pyaemia,  osteo-myelitis, 

I and  other  deep  suppurations.  The  diagnosis  fiom  enteric  fever  and 
I infective  endoairrlitis  is  considered  on  ]>.  299. 

In  Malta  Jmr  there  is  a gradual  invasion  Avith  headache  and  lassitiule. 
riie  fever  is  remittent  or  intennittent.  'I’here  is  slight  cough  and  often 
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profuse  sweating  ; the  liver  and  spleen  may  he  enlarged  and  the  abdomen 
somewhat  distended.  The  resemblance  to  generalised  or  to  pulmonary 
tuberculosis  is  often  very  close.  Residence  in  an  infected  locality  will, 
however,  suggest  Malta  fever,  and  the  agglutinative  power  of  the 
patient’s  serum  upon  the  Micrococcus  mdUensis  will  establish  the  diagnosis. 

Syphilis  in  the  secondary  stage  may  give  rise  to  prolonged  fever 
without  the  presence  of  a rash  or  other  characteristic  evidence.  A 
history  of  infection  and  the  rapid  eflicacy  of  mercurial  treatment  will 
soon  remove  any  doubt  as  to  the  nature  of  the  condition. 

Deeply  seated  collections  of  pms  or  absorption  of  poisonous  2>i'oducts 
from  some  latent  ulcerated  surface — for  example,  in  the  nasal  passages — 
may  lead  to  febrile  disturbance,  which  in  the  absence  of  discoverable 
physical  signs  may  gi^'e  rise  to  a sus^^icion  of  tuberculosis.  Thus,  in  old 
cases  of  otitis  media  chronic  fever  may  be  i)roduced,  either  by  retention 
of  purulent  discharge  due  to  granulations  in  the  external  auditory  meatus 
or  as  the  result  of  caries  of  the  bones  surrounding  the  internal  car,  with 
or  without  meningitis.  Encysted  empyema  and  pelvic  abscess  are  other 
instances  of  conditions  which  may  simulate  tuberculosis.  In  all  such 
cases  an  examination  of  the  blood  is  likely  to  shew  a higher  degree  of 
leucocytosis  than  usually  accomjxxnies  tuberculous  infection.  In  children 
an  infective  jiyelitis  may  give  rise  to  continued  intermittent  pyrexia ; the 
affection  is  signalised  by  the  ajjjxearance  of  small  quantities  of  jjus  in  the 
urine  without  acconqmnying  tubercle  bacilli.  In  osteo-myelitis  careful 
examination  will  reveal  some  swelling  and  tenderness,  as  well  as  some 
loss  of  mobility  in  the  affected  limb.  In  jmerperal  women  latent  uterine 
sepsis  may  give  rise  to  a suspicion  of  tuberculosis,  and  the  converse 
error  may  also  occur,  consumption  being  mistaken  for  uterine  trouble. 
A vaginal  examination  vdll  usually  clear  iq.)  the  doubt  in  these  cases. 

The  diagnosis  of  tuberculous  glands  from  lynqjhadenoma,  of  tuber- 
culous from  other  causes  of  ascites,  and  of  tuberculous 

meningitis  from  affections  due  to  the  meningococcus  or  to  other  organisms, 
is  discussed  elsewhere. 

Prognosis. — The  prognosis  in  tuberculosis  dejjends  in  the  first  place 
on  whether  the  disease  is  generalised  or  confined  to  a single  focus. 
Generalised  tuberculosis  is  probably  always  fatal.  In  localised  affections 
the  outlook  varies  with  the  imj^ortance  of  the  organ  attacked,  with  its 
accessibility  to  surgical  treatment,  and  above  all  with  the  signs  by  which 
we  are  enabled  to  judge  of  the  resistance  of  any  individual  patient.  The 
circumstances  of  the  suffei’er — his  ability  to  adojxt  all  jjossible  means  of 
cure,  to  obtain  nourishing  food,  to  give  iq)  an  unhealthy  occuixition,  to 
select  a residence  in  a suitable  locality,  as  well  as  his  family  history,  his 
temperament,  and  his  apparent  condition  at  the  time  when  he  comes 
under  observation — all  these  factoi's  have  to  be  taken  into  consideration. 
Signs  of  a rajudly  extending  lesion  are  seen  in  loss  of  appetite,  higi 
fever,  ]jrogressive  emaciation,  and  loss  of  strength.  A red  tongue  jiai  t y 
coated  with  thick  fur  is  usually  indicative  of  active  disease. 

Regarding  the  special  prognosis  of  individual  local  lesions  little  need 
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be  sail!  here.  In  tuberculous  glands  of  the  neck  the  outlook  is  as  a rule 
wood.  The  disease  sometimes  spontaneously  heals ; in  other  cases 
operative  procedure  leads  to  a cure.  In  some  of  these  cases,  however, 
the  disease  spreads  down  the  glands  of  the  neck  and  affects  the  lungs : 
all  such  cases  are  of  serious  import.  In  primary  tuberculosis  of  the 
intestines,  with  or  Avithout  infection  of  the  peritoneum,  the  disease  some- 
times becomes  localised  and  heals.  This  occurs  not  infrequently  in 
. children.  In  many  cases  of  primary  tuberculous  peritonitis,  in  Avhich 

■ there  is  not  extensh'e  ulceration  of  the  intestine,  the  disease  remains 
' localised,  chiefly  because  the  progi’ess  of  the  lesion  being  slow,  a large 
amount  of  fibrosis  occurs,  which  blocks  up  the  lymphatics  leading  from 

; the  peritoneal  caA'ity,  and  so  prevents  the  absorption  of  the  virus,  and 
t thus  the  dissemination  of  the  disease.  On  .the  other  hand,  from  the 
: intestine  the  disease  may  spread  to  the  lungs  and  other  parts  of  the 
Ibody;  aU  such  cases  are  A'ery  serious.  Simultaneoirs  infection  of  two 
i localities,  as  of  the  peritoneum  and  pleura,  is  of  unfavourable  import,  and 

• signs  of  secondary  extension  of  the  infection — for  example,  of  tuberculous 
i laryngitis  or  enteritis  in  pulmonary  disease — are  especially  grave. 

Primary  tuberculosis  of  the  limgs  is  serious  according  to  the  extent 

■ of  the  local  lesion  and  to  the  indications  of  active^  extending  disease  : 
i in  the  majority  of  instances  general  infection  does  not  occur  until  the  later 
: stages.  Prognosis  depends,  then,  on  the  condition  of  other  organs ; as, 
: for  example,  when  there  is  fatty  degeneration  of  the  liver  and  kidneys, 

or  lardaceous  change  in  the  organs,  or  severe  gastric  catarrh.  All  such 
cases  are  grave.  Tuberculosis  of  the  kidney  leads  to  complete  destruction 
of  a vital  organ  ; and  although  usually  more  ach'anced  in  one  kidney  than  in 

■ the  other,  the  disease  is  not  uncommonly  bilateral.  Tuberculosis  of  bones, 
of  joints,  and  of  the  epididymis,  when  existing  alone,  is  serious  according 

: to  the  residts  of  surgical  treatment,  according  to  the  signs  of  the  dissemina- 
; tion  of  the  disease,  and  the  presence  of  the  various  forms  of  secondary 

■ degeneration  of  other  organs.  The  symptoms  and  signs  of  generalised 
! tuberculosis,  occurring  in  any  form  of  local  tuberculosis,  are  always 
! perilous,  and  usually  end  rapidly  iti  death. 

Treatment. — Many  attempts  have  been  made  to  discover  a specific 

■ remedy  for  tuberculosis.  Allusion  has  already  been  made  to  protective 
inoculation  (p.  288).  Koch  introduced  both  the  old  and  the  new  tuberculin 
as  remedies  for  the  disease,  hoping  by  their  use  to  strengthen  the  resisting 
poAver  of  the  tuberculous  patient.  He  has  made  use  of  his  emulsion  of 
bacilli  with  the  same  object.  On  the  Avhole,  the  results  recorded  from 

■ the  use  of  the  nev:  tnlerculin  (TK)  are  sufficiently  favourable  to  Avarrant 

a cautious  ase  of  this  preparation,  in  addition  to  recognised  hygienic 
mea.sures.  Very  small  do.ses  should  be  used  at  the  beginning  of  a course 
of  treatment  (ruW'TroTr  advi.sable,  in  accordance  Avitli 

• Sir  A.  E.  Wright’s  advice,  to  be  guided  by  the  op.sonic  index  of  the  l)lood 
in  determining  the  frequency  of  the  injections.  Each  dose  is  folloAvcd  by 
a tem[)orary  fall  in  oi«onic  jiOAver,  Avhich  subsetpicntly  rises  to  a point 
higher  than  that  previously  existing ; a second  dose  should  not  be 
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administered  till  this  rise  has  occurred.  Only  chronic  cases  are  suitable 
for  this  treatment,  which  should  be  begun  as  early  in  the  di.sease  as 
possible. 

The  olA  tuberculin  is  sometimes  of  use  in  the  treatment  of  superficial 
tuberculosis  (lupus),  but  relapse  often  takes  place  on  discontinuing  the 
injections. 

Klebs  has  introduced  modifications  of  tuberculin  for  purposes  of 
treatment,  under  the  names  of  tuberculocidin  and  aniiphthisin ; the  former 
is  prepared  from  tuberculin  by  precipitating  certain  albuminoids  by 
means  of  bismuth  sodic-nitrate,  removing  the  bismuth  and  precipitating 
by  alcohol  from  the  remaining  fluid  a substance  which  is  said  to  possess 
curative  properties  without  the  pyogenetic  and  toxic  qualities  of  tuber- 
culin. Antiphthisin  is  prepared  from  bacterial  cultures  without  heat, 
but  is  otherwise  very  similar  to  tuberculin.  Neither  of  these  remedies 
has  been  at  all  extensivelj?  used  in  this  country,  and  their  value  remains 
uncertain. 

Several  other  modifications  of  tuberculin  have  been  introduced. 
Thus,  V.  Ruck  devised  a prepai'ation  called  tuberculinum  jmrificatnm, 
formed  by  heating  the  bacilli  and  their  culture-fluid  in  a vacuum  for  long 
periods  of  time  at  a tempei’ature  of  120°- 130°  F.  He  also  made  trial 
of  a watery  extract  of  bacilli,  which  were  first  deprived  of  fat  by  extraction 
with  ether,  then  dried,  triturated,  and  extracted  vuth  distilled  water  at 
a temperatui’e  of  120°  F.  Some  good  results  have  been  ascribed  to 
these  remedies,  but  they  have  not  gained  general  acceptance.  Hirsch- 
felder  devised  a substance  known  as  oxijtuberculin,  which  received  favour- 
able comment  at  the  time  of  its  introduction,  and  Beraneck  has  preiiared 
a special  tuberculin  by  mixing  the  toxins  formed  in  the  culture-fluid  with 
those  derived  from  the  bodies  of  the  bacilli  themselves.  It  has  not  been 
shewn  that  any  of  these  modifications  are  superior  to  Koch’s  original 
tuberculins. 

Antituberculous  serums  have  been  prepared  by  Maragliano  and  by 
iVIarmorek.  Good  results  are  claimed  for  the  use  of  Maragliano’s  semm 
in  Italy,  but  it  has  not  gained  acceptance  elsewhere.  The  value  of 
Marmm'ek’s  serum  is  still  doubtful.  It  is  certainly  not  an  inert  substance, 
and  sufficient  indications  of  a remedial  action  have  been  observed  by 
some  of  those  who  have  used  it  to  render  it  woithy  of  more  extended  trial. 

Some  benefit  has  appeared  to  result  from  the  emplo3'ment  of 
antistreptococcic  serum  in  cases  in  which  the  presence  of  large  numbers  of 
streptococci  in  the  sputum  indicates  the  existence  of  a secondary  infection 
of  tuberculous  cavities  by  pyogenetic  organisms. 

Link  found  that  benefit  resulted  in  animals  from  oral  administration 
of  the  serum  of  the  dog — a resistant  animal ; and  Mr.  ^lontgomery 
Paton  advises  the  use  of  the  plasma  of  immune  animals,  attributing  to 
this  substance  a stimulating  action  on  the  cells  of  the  tissues.  Possibly 
the  administration  of  raw  meat  {zomotherapij),  which  has  been  lauded  for 
the  treatment  of  tuTjerculosis,  may  be  proved  to  owe  whatever  merit  it 
possesses  to  this  mode  of  action. 
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Certain  drugs  have  been  stated  to  exert  a specific  action  on  tuber- 
culous lesions.  Of  these,  preparations  of  cinnamic  acid  (hctol)  are 
supposed  to  act  by  increasing  the  number  of  leucocytes  in  the  system, 
aiid  thus  facilitating  the  process  of  j)hagocytosis ; the  value  of  the 
remedy  is  problematical,  but  it  is  probably  not  injurious. 

Urea  has  been  administered  to  tuberculous  patients — a synthetic 
product  being  employed — on  the  ground  that  carni^'orous  animals  are 
immune  to  tuberculosis  and  that  gouty  persons  are  seldom  infected,  their 
resistance  being  ascribed  to  the  amount  of  urea  and  uric  acid  which  they 
have  in  their  systems.  The  idea  underlying  the  treatment  is  pi’obably 
erroneous,  and  urea  itself  is  practically  inert,  vdth  the  exception  of  a 
certain  degree  of  diuretic  action. 

Calcium  chloride  and  carbonate  have  been  recently  recommended  on 
grounds  more  ingenious  than  convincing  [“  Eecalcification,”  Ferrier]. 

In  localised  tuberculous  lesions,  e.g.  arthritis,  attempts  have  been 
made  to  combat  the  disease  by  inducing  a condition  of  passive  hypercemia. 
For  this  purpose  elastic  bandages  are  passed  round  the  limb  above  and 
below  the  aflfected  joint,  thus  restricting  the  local  circulation.  It  has 
been  suggested  that  the  rarity  of  pulmonary  tuberculosis  in  patients 
suffering  from  mitral  stenosis  is  due  to  the  chronic  engorgement  of  the 
lungs  which  is  present. 

The  value  of  fresh  air  in  the  treatment  of  all  forms  of  tuberculosis  is 
well  established ; indeed  it  is  desirable  that  every  case  of  the  disease, 
whatever  the  localisation  of  the  lesion,  should  be  treated,  if  possible,  in 
the  country  or  at  the  seaside.  The  value  of  sanatorium  treatment  will 
be  discussed  in  a later  volume  of  this  System.  Here  Ave  need  only  point 
out  that  very  good  results  may  be  obtained  under  home  conditions  by 
patients  who  are  able  and  willing  to  carry  out  faithfully  and  intelligently 
an  open-air  course  of  life.  Plentiful  feeding  is  another  essential  factor  in 
treatment ; but  the  great  importance  of  keeping  the  digestive  system  in 
good  order  sufficiently  negatives  the  advisability  of  such  forced  feeding  as 
was  at  one  time  deemed  essential.  The  special  treatment  called  for  in 
the  various  forms  of  tuberculosis  is  discussed  in  the  articles  dealing  with 
diseases  of  particular  organs. 

Acute  Generalised  Tuberculosis 

Acute  general  tuberculosi.s,  or  acute  typhoid  tuberculosis  as  it  is 
sometimes  called,  is  best  termed  acute  generalised  tuberculosis.  As  has 
been  fully  explained  in  discus.sing  the  pathology  of  the  disease,  it  may 
j occur  in  two  chief  forms,  in  one  of  which  there  is  a generalised  tuber- 
culosis of  the  body  directly  following  infection  ; in  the  other,  after  the 
j persistence  of  a chronic  lesion  for  some  time,  a generalised  tuberculosis 
prweeds  from  it.  Clinically  the  two  classes  of  cases  are  very  similar, 
and  the  nature  of  the  latter  event  may  not  be  understood  until  on  j)ost- 
mortem  examination  a chronic  lesion  of  the  lungs  or  intestine,  too  small 
to  have  given  nse  to  physical  signs,  is  revealed.  Indeed,  a primary  acute 
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generalised  tuberculosis  is  probably  not  met  with  in  man,  as  it  is 
practically  always  possible  to  demonstrate  post  mortem  a caseous  gland  or 
other  source  of  infection.  The  bacilli  are  distributed  throughout  the 
body  by  the  blood-stream,  due  either  to  ulceration  of  a caseous  focus  into 
a vessel  or  to  tuberculosis  of  the  intima.  Infection  of  the  receptacidum 
chyli  and  thoracic  duct  may  also  lead  to  generalised  tuberculosis — a factor, 
the  importance  of  which  has  recently  been  emphasised  by  Longcope,  who 
found,  among  nineteen  cases  of  acute  generalised  tuberculosis,  fourteen  in 
which  there  was  disease  of  the  thoracic  duct. 

The  symptoms  of  acute  generalised  tuberculosis  are  those  which  have 
been  discussed  already,  but  they  are  accentuated.  Thus  the  illness  may 
begin  acutely,  and  progress  with  high  fever,  night-sweats,  great  emacia- 
tion, and  bodily  prostration,  until  the  patient  sinks  into  the  typhoid 
condition  which  precedes  death.  In  other  cases,  perliaps  in  the 
majority,  the  onset  is  insidious,  like  that  of  enteric  fever,  Avhich  is 
closely  simulated  in  course  and  symptoms  {typhoid  type).  The  fever 
is  usually  remittent  or  intermittent  iii  character,  rising  to  a high  degree 
in  the  evening  and  falling  in  the  morning ; occasionally  the  typus  inversus 
is  met  with,  the  highest  point  being  attained  in  the  morning.  Cases  also 
occur  in  which  the  course  of  the  disease  is  almost  apyrexial. 

It  is  characteristic  of  acute  generalised  tuberculosis  that  with  these 
severe  symptoms  there  are  but  few  signs  of  the  local  affection  of  organs. 
Thus,  although  the  lungs  may  be  found  studded  with  tubercles  after 
death,  the  cough  is  but  slight,  or  dry  and  hacking  only,  and  without 
haemoptysis ; there  is  no  pus  in  the  urine  (unless  the  kidneys  were 
previously  affected  with  chronic  tuberculosis) ; there  is  no  diarrhcea 
referable  to  the  disease,  inasmuch  as  any  looseness  commonly  occurs 
towards  the  end  of  the  illness,  and  is  part  of  the  “ typhoid  ” condition. 
The  heart  presents  no  abnormal  sign.  Enlargement  of  the  spleen  may 
be  discovered,  but  the  splenic  enlargement  in  acute  tuberculosis  is  never 
great,  and  does  not  often  give  rise  to  a characteristic  tumour  in  the 
left  hypochondrium.  Cerebral  symptoms  may  supervene,  perhaps  earl}' 
in  the  disease  {meningeal  type),  headache  and  slight  delirium  Avith  crying 
out.  These  symptoms  are  not  definitely  characteristic  of  tuberculous 
meningitis  unless  combined  Avith  retraction  of  the  head,  sloAving  of  the 
pulse,  ocular  palsy  (seen  either  in  the  pupils  or  as  slight  strabismus),  or 
Avith  the  presence  of  tubercles  in  the  choroid,  Avhen  tuberculosis  of  the 
pia  mater  becomes  evident.  In  other  instances  signs  of  pulmonary 
involvement  are  present  in  the  form  of  dyspncea  and  cyanosis ; this 
variety  {pulmonary  type)  is  common  in  young  children  Avho  suffer  from 
genci’alised  tuberculosis  as  a sequel  of  measles  or  Avhooping-cough. 

Morbid  Anatomy. — Almost  every  organ  of  the  body  may  be  found 
studded  Avith  minute  granulomas.  The  lungs  usually  suffer  most,  but 
the  kidneys,  liver,  and  spleen  exhibit  a larger  or  smaller  number  of  grey 
points,  and  even  more  minute  lesions  are  discoA'erable  Avith  the  micio- 
scope  both  in  these  and  in  other  organs.  In  the  meninges  of  the  brain 
the  tubercles  are  most  readily  detected  by  floating  the  pia  mater  in  AA-ater 
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over  dark  backgroiuul.  The  base  of  the  brain  is  most  affected,  but 
minute  granulomas  may  be  seen  following  the  course  of  the  vessels  in  the 
Sylvian  fissures.  There  is  usually  some  turbid  fluid  at  the  base  of  the 
brain,  while  the  convolutions  are  dry,  sticky,  and  somewhat  flattened. 
The  pi'imary  focus  of  tuberculosis  may  need  careful  search,  as  it  may 
exist  in  bone  or  other  deeply  seated  part.  Affection  of  the  intima  of  the 
pulmonary  vessels  is  present  in  many  cases  (Weigert,  Silbergleit),  giving 
rise  to  a constant  supply  of  bacilli  in  the  circulation. 

Diagnosis. — Acute  generalised  tuberculosis  must  be  distinguished 
from  other  febrile  disorders  associated  with  wasting  and  irregular 
pyrexia.  The  difficulty  in  the  diagnosis  lies  in  the  indefinite  character 
of  the  physical  signs. 

Enteric  Fever. — In  this  disease,  as  in  tuberculosis,  there  are  headache, 
delirium,  slight  bronchitis,  and  enlargement  of  the  spleen.  In  both  alike 
the  diazo  reaction  of  Ehrlich  may  occur  in  the  urine.  In  generalised 
tuberculosis,  however,  which  is  rare  in  persons  over  twenty  years  of  age, 
and  most  common  in  young  children — the  latter  being  seldom  affected  by 
typhoid, — diarrhoea  and  tympanites  are  uncommon,  the  mental  condition 
is  clearer  until  signs  of  meningeal  invasion  occur,  and  the  pulse  is 
much  more  frequent  than  is  usual  in  enteric  fever.  The  presence  of 
scars  of  tuberculous  abscesses  in  the  neck,  of  a healed  lesion  at  the  apex  of 
the  lung,  of  tuberculous  joint -disease  or  epididymitis,  is  suggestive  of 
tubercidosis ; so,  too,  is  the  oecurrence  of  distinct  dyspnoea  or  cyanosis. 
The  occurrence  of  “rose-spots”  strongly  suggests,  but  is  not  absolute 
proof  of,  the  presence  of  enteric  fever  (vide  Vol.  I.  p.  1137).  The  most 
important  diagnostic  sign  of  the  latter  is  afforded  by  the  occurrence  of 
the  “ agglutination  reaction  ” in  the  blood.  As  a “ counsel  of  perfection  ” 
it  may  be  recommended  to  perform  the  test,  if  negative  with  E.  typhosus, 
with  the  two  varieties  of  paratyphoid  bacillus  also,  before  excluding  this 
type  of  infection.  Opinions  differ  as  to  the  value  of  the  corresponding 
reaction  with  tubercle  bacilli  (Arloing  and  Courmont),  but  in  doubtful 
cases  a trial  of  this  test  would  seem  advisable.  The  blood  in  generalised 
tuberculosis  is  likely  to  exhibit  a polymorphonuclear  leucocytosis,  as 
opposed  to  the  leucopenia  of  enteric  fever. 

Infective  (malujnant)  Endocarditis. — In  certain  cases  diagnosis  betAveen 
acute  generalised  tuberculosis  and  infective  endocarditis  may  be  difficult. 
If  in  .such  a patient  the  evidence  of  a chronic  tuberculous  lesion  be 
knoAvn,  the  symptoms  (fever,  Avasting,  and  prostration)  may  be  ascribed 
to  a generalisation  of  the  disease.  When  no  such  local  tuberculous 
lesion  is  CA-ident,  difficulties  arise,  inasmuch  as  infective  endocarditis  is  a 
di.sea.se  of  many  aspects  : it  consists  in  an  acute  affection  of  the  heart, 
with  multiple  embolism  and  Avith  enlargement  of  the  spleen  ; and  thus,  if 
one  or  more  canliac  murmurs  be  present,  and  especially  if  one  or  more  of 
these  vary  in  character  from  day  to  day,  or  again,  if  there  be  a persistent 
or  loufl  pulmonary  murmur,  or  if  there  be  evidence  of  embolism,  such 
as  a sudden  hemiplegia,  a thrombosis  of  arteries  of  a limb,  ha?moptA’sis 
(due  to  infarction  of  the  lung),  luematuria  (due  to  infarction  of  the 
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kidney),  or  severe  jjain  in  the  left  hypochondrium,  with  more  or  less 
sudden  enlargement  of  the  spleen,  the  case  may  be  clear  from  the 
first  as  one  of  infective  endocarditis.  Yet,  at  one  period  of  infective 
endocarditis  cardiac  murmurs  and  the  signs  of  embolism  may  be  absent, 
and  no  diagnosis  may  be  j^ossible  until  the  occurrence  of  embolism  on 
the  one  hand,  or  of  local  lesions  characteristic  of  tuberculosis  (such  as 
meningitis)  on  the  other,  dispel  our  doubts.  An  examination  of  the 
blood  may  aid  in  the  diagnosis  of  the  cardiac  affection,  since  the  causal 
organisms  may  at  times  be  cultivated,  and  leucocytosis  is  likely  to  reach 
a higher  degree  than  in  tuberculosis. 

Prognosis. — The  outlook  in  acute  generalised  tuberculosis  is,  in  the 
present  state  of  medical  knowledge,  hopeless,  death  occurring  after  a 
period  of  six  weeks  to  three  months. 

Treatment. — The  use  of  a serum,  such  as  Marmorek’s,  would  seem 
rational  treatment  for  acute  tuberculosis,  but  unfortunately  the  results  so 
far  obtained  from  its  use  in  this  form  of  the  disease  are  disappointing. 
The  remedy  shoTild  be  administered  early,  if  at  all.  Apart  from  this, 
all  that  can  be  done  is  to  support  the  patient’s  strength  by  food  and 
stimulants,  and  to  relieve  any  urgent  symptoms  that  may  arise. 

S.  Martin,  1897. 

W.  C.  Bosanquet,  1906. 
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THE  PATHOLOGY  OF  STREPTOTHRIX  INFECTIONS  H 

By  Alexander  G.  R.  Foulerton,  F.R.C.S.  il 

The  use  by  pathologists  of  a somewhat  varied  nomenclature  for  the  n 
designation  of  the  species  of  vegetable  pathogenetic  parasites  here  H 
described  under  the  generic  name  of  Streptothrix  has  been  the  source  of 
some  confusion  in  the  nomenclature  of  the  diseases  caused  by  this  kind  S 
of  organism.  But  since  a full  historical  account  of  the  diseases  thus 
caused  is  given  by  Dr.  Acland  in  his  article  on  “ Actinomycosis,”  it  will  u 
only  be  necessary  to  refer  here  to  the  literature  of  the  past  in  so  far  as  ]■ 
this  will  be  of  use  in  clearing  up  any  remaining  confusion. 

The  name  Actinomycosis  was  applied  by  Bollinger  (1877)  and  by  ^ 
Israel  (1878)  to  a form  of  disease  occurring  in  cattle  and  in  man,  Avhich  f 

was  believed  to  be  the  result  of  infection  by  a single  vegetable  parasite,  ^ 

the  Ray-Fungus  {Actinomyces  hovis  Harz).  During  the  next  twelve  years  » 
or  so  a number  of  cases  of  actinomycosis  in  man  and  cattle  were  observed  i 
and  recorded  in  this  country  and  elsewhere ; the  first  human  case  positively  ^ 

identified  in  England  was  investigated  by  Dr.  Acland  in  1884.  In  Dr.  I 

Acland’s  case  the  liver  was  affected;  the  first  example  of  pulmonary  ^ 
infection  in  this  country  was  recorded  in  1889  by  Sir  R.  Dougla.s-Powell  ' 
and  Mr.  Godlee.  During  this  period  the  diagnosis  of  the  disease  was  ' 
completed  by  the  identification  of  an  organism  of  the  ray-fungus  type  in 
the  tissues  affected  and  in  various  discharges ; the  parasites  were  not 
isolated  in  pure  culture  and  studied,  and  differentiation  of  species  was  ) 

therefore  not  possible.  Indeed  the  identity  of  the  ray-fungi  occurring  ’ T 

in  all  cases  of  actinomycosis  both  in  man  and  in  cattle  was  assumed  9 
in  papers  published  in  this  country  by  Prof.  Crookshank  and  Sir  John  i • 
M'Fadyean  as  late  as  1889.  /I 

In  1890  Bostroem  j^ublished  a fairly  full  account  of  the  biological  . f 

■characteristics  of  some  ray -fungi  which  he  had  isolated  from  cases  of  ' J 

human  and  bovine  actinomycosis,  and  which  he  regarded  as  belonging  to  J 
one  and  the  same  species.  In  1891  Wolff  and  Israel  published  a similar  ^ 
account  of  a different  species  of  ray-fungus  isolated  from  a case  of 
actinomycosis  in  man  ; and  since  then  a considerable  number  of  species,  * 
some  presenting  well  - marked  specific  characters,  and  others  but  ill- 
described  and  not  clearly  differentiated  as  belonging  to  separate  species, 
have  been  referred  to  under  the  generic  name  Actinomyces  and  as  occur- 
ring in  cases  of  actinomycosis.  The  name  Streptothrix  was  probably 
first  used  by  Corda  in  1834  as  a designation  for  a species  of  h}'pho- 
mycetes  or  mould-fungi,  but  at  the  present  time  it  is  not  certain  what 
particular  organisms  the  term  was  applied  to.  In  more  recent  times  Cohn 
(1874)  applied  the  name  Streptothrix  to  an  organism  {S.  foesteri)  found 
in  concretions  from  the  lacrimal  canal,  which  probably  belonged  to  the 
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class  of  organisms  for  ■which  the  name  is  used  at  the  present  time.  In 
ISSS  Mace  published  a careful  biological  account  of  a saprophytic 
organism  of  a branching  type  which  Cohn,  believing  that  the  ramify- 
ing form  was  the  result  of  a true  dichotomy,  had  previously  described 
under  the  name  CladothrLr  dicliotoma.  ]\Iac6,  however,  found  that  the 


branching  was  not  produced  by  a true  dichotomy,  that  is  to  say  by  the 
division  of  a parent  filament  into  two  others  of  equal  size ; his  observa- 
tions shewed  that  the  branching  resulted  from  the  development  of 
secondary  filaments  by  a lateral  budding  out  from  the  parent  filament, 
and  there  seems  to  be  no  doubt  but  that  the  Cladothrix  dicliotoma  of  Cohn 
was  in  reality  a typical  streptothrix  {Streptofhrix  nigrescens  Foulerton). 

In  18SS  Nocard  described  an  organism,  now  known  as  Streptothrix 
nocardii  seu  farciniai,  which  he  isolated  from  the  lesions  of  a disease 
teinned  farcin  des  hmifs  which  was  especially  prevalent  amongst  cattle  in 
Guadeloupe.  Nocard  gave  a full  description  of  the  morphology,  cultimal 
characteristics,  and  pathogenetic  action  of  the  organism ; he  surmised 
that  it  was  a bacillus  of  a kind  that  had  not  been  described  previously, 
noting  particularly  the  occurrence  of  a lateral  branching  similar  to  that 
which  Mac6  had  observed  in  Cohn’s  Cladothrix  dicliotoma.  Nocard’s 
organism  has  been  isolated  several  times  since  it  was  first  described,  and 
is  now  well  recognised  as  the  cause  of  a disease  in  cattle,  with  special 
clinical  features  which  in  many  cases  serve  to  distinguish  it  from  the 
more  common  manifestations  of  streptothrix  infection  in  cattle,  caused 
by  Actinomyces  hoiis  Harz  {Streptothrix  bovis  communis  Foulerton),  as  it 
occurs  in  this  country.  In  1890  Eppinger  isolated  an  organism  which  he 
named  Cladothrix  asteroid.es  {Streptothrix  cppingeri  seu  asteroides)  from  a case 
of  multiple  abscesses  in  a man ; his  description  of  the  parasite  was  an 
excellent  one,  and  has  enabled  the  same  organism  to  be  identified  in 
several  cases  since  then.  In  1891  Eossi-Doria  described  several  sapro- 
phytic species  of  streptothrix  which  he  had  isolated  from  the  air.  In 
1892  Sauvageau  and  Eadais  published  a valuable  monograph  entitled 
Sur  les  Genres  Cladothrix,  Streptothrix,  at  Actinomyces,  et  description  de  deux 
Streptothrix  nouveaux-,  they  suggested,  however,  the  adoption  of  Oospora 
as  the  generic  designation  in  the  place  of  the  three  other  synonyms.  In 
1894  Gasparini  also  dealt  at  length  with  the  biology  of  the  genus,  revert- 
ing to  the  older  generic  term  Actinomyces.  In  1894  Vincent  isolated  in 
pure  culture  and  described  the  causative  parasite,  Streptothrix  madiirce, 
occurring  in  cases  of  Mycetoma  or  Madura  foot,  and  compared  the 
organism  with  Actinomyces  hovis  Harz,  as  isolated  and  described  by 
Bostroem.  Thus  Actinomyces,  Cladothrix,  Oospora,  and  Streptothrix 
have  each  been  u.sed  as  the  generic  designation  for  these  parasites ; and 
to  the  li.st  a fifth  name  lias  yet  to  be  added — Nocardia,  as  suggested  by 
de  Toni  and  Trevisan  in  1889.  Three  of  these  generic  names  have 
dropped  out  of  use  during  recent  year.s,  and  we  are  left  with  only  two, 
Streptothrix  and  Actinomyces,  to  choose  between.  The  former  term  has 
now  by  common  consent  been  adopted  generally  by  Ilritish  and  American 
j»athologists  and  by  many  others,  whilst  Actinomyces  is  apparently  still 
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used  by  preference  in  many  parts  of  the  European  continent.  And  since 
the  term  Streptothrix  has  been  adopted  generally  in  this  country  as  the 
generic  name  for  these  species  of  parasites,  it  would  seem  that  Strepto- 
trichosis,  as  recommended  by  a Committee  of  the  Pathological  Society  of 
London  in  1899,  is  the  appropriate  clinical  designation  of  the  large  class 
of  streptothrix  infections.  The  term  Actinomycosis  has  long  since  lost 
its  original  significance  as  the  name  of  one  specific  disease,  and  can  be 
used  only  synonymously  with  Streptotrichosis. 

Amongst  the  more  recent  monographs  dealing  with  the  morphology, 
general  characteristics,  and  pathogenetic  action  of  these  parasites  are 
those  of  Berestnew  (on  Actinomycosis,  1897),  of  Lachner-Sandival  {Ueber 
Strahlenpilze,  1897),  and  Foulerton  and  C.  Price  Jones  {On  the  General 
Characteristics  and  Pathogenic  Action  of  the  Genus  Streptothrb:,  1901). 


The  Characteristic  Morphology  of  the  Streptotrieheae.  — The 
morphology  of  the  streptotrieheae  as  observed  in  cultures  on  artificial 
media  may  now  be  described.  If  the  spores  of  a rapidly  growing 
species  are  kept  under  observation  on  a warm  stage  at  a suitable 
temperature,  the  earlier  stages  of  development  may  be  clearly  seen 
within  some  eighteen  or  twenty  hours.  From  the  spherical  spoie 
two  or  three  small  buds  project  and,  gradually  elongating,  become 
the  primary  filaments  of  the  mycelial  mass.  From  the  piimai} 
filaments  lateral  branches  bud  out,  and  from  these  secondary  branches 
other  lateral  filaments  again  grow  out  by  a repetition  of  the  budding 
process;  and  in  this  manner  a more  or  less  dense  and  tangled  tuft 
of  wavy  branching  mycelium  is  formed.  I have  never  obseivec 
the  formation  of  branches  by  a true  terminal  dichotomy.  The  general 
characters  of  the  tuft  of  the  adult  mycelium  are  best  studied  m a 
culture  in  ordinary  peptone  broth,  under  which  condition  the  mycelium 
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presents  itself  usually  as  a discoid,  but  sometimes  globular,  mass  of 
tangled  filaments,  with  a dense  central  portion  and  a looser  arrangement 
towards  the  periphery  of  the  tuft.  The  termination  of  the  filaments 
presents  various  appearances  in  different  species,  and  the  appearance  may 
not  be  constant  in  the  same  species ; the  end  of  the  filaments  may  be 
pointed  or  rounded  off,  or  ma}"  ijresent  small  spherical  or  Indian-club 
shaped  enlargements.  Up  to  a certain  stage  the  mass  of  mycelium 
consists  of  filaments  of  nearlj"^  homogeneous  appearance ; then  changes 
occur  which  may  be  described  as  comprising  segmentation  and  fragmenta- 
tion of  the  mycelium  and  a process  of  chain-sporulation.  The  adult 
myceliiun  presents  a homogeneous  appearance  when  stained  with  the 
ordinary  basic  anilin  dyes  or  by  Gram’s  method ; when  segmentation 
' occurs  there  is  an  alteration  in  the  staining  properties,  resulting  from  a 

■ degeneration  of  shorter  or  longer  segments  of  the  constituent  filaments 

■ occurring  at  irregular  intervals  along  their  length.  The  degenerated 
portions  of  the  filaments  no  longer  retain  the  stain  when  treated  by 

' Gram’s  method,  and  stain  but  faintly  Avith  the  basic  anilin  dyes  emijloyed 
! in  the  usual  Avay : in  unstained  hanging-drojj  specimens  the  altered 
•segments  jmesent  the  appearance  of  a fine  cylindrical  sheath  which  has 

■ collapsed  after  the  escape  of  its  former  contents.  Fragmentation  of  the 
I m\’celium  follows  on  segmentation  ; the  degenerated  segments  gi’adually 
• disappear,  and  in  the  place  of  the  original  tuft  of  branching  mycelium 
: there  are  collections  of  se})arate,  shorter  or  longer,  lengths  of  the  filaments, 

■ which  may  appear  as  straight  or  slightly  curved  rods,  or  may  retain  the 

■ wavy  outline  of  the  original  mycelium,  or  may  present  a well-marked 
corkscrew  or  spirillum  shape.  Some  of  the  segments  of  the  mycelium 

'will  shew  a short  lateral  branch  still  attached,  they  stain  well  by 
< Gram’s  method,  and  often  present  a beaded  appearance.  These  segments 
: represent  more  resistant  portions  of  the  mycelium,  they  appear  to  retain 
: their  vitality  for  a considerable  time,  and  are  probably  capable  of  sprout- 
; ing  out  into  a new  mycelium  when  transferred  to  a fresh  medium  with- 
‘out  the  intervention  of  a spore-stage.  If  not  transferred  to  a fresh 
rmedium,  the  majority,  at  any  rate,  of  these  segments  die  out  without 
1 undergoing  any  further  change ; but  it  is  not  cjuite  certain  whether  or 
mot  after  fragmentation  there  may  be  a process  of  chain-sporulation  in 
■.some  of  the  persistent  segments.  On  the  other  hand,  it  is  quite  certain 
■.that  the  rod-segments  never  give  rise  directly  to  new  rod-segments  by 
■a  process  which  is  in  any  way  analogous  to  the  fission -process  which 
is  characteristic  of  the  bacillary  forms  of  schizomycetes.  Coincidently 
'With  the  occurrence  of  segmentation  of  the  mycelium,  indications  of 
chain-sporulation  may  often  be  seen.  The  terminal  portion  of  some  of 
■the  filaments  and  of  their  lateral  branches  assumes  a closely -beaded 
'appearance,  resulting  from  a comidete  transverse  segmentation  which  is 
probably  similar  in  its  nature  to  that  which  has  been  described  already 
I as  occurring  in  the  length  of  the  filaments.  In  the  terminal  portions, 
however,  segmentation  occurs  at  regular  and  close  intervals,  and  the 

■ alternate  narrow  tnincatcd  segments  which  still  stain  by  Gram’s  method 
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gradually  assume  a spherical  or  oval  shape.  The  intervening  degenerated 
segments  then  disappear,  and  the  free  spores  are  seen  as  isolated 
spherical  bodies  which  stain  well  by  Gram’s  method,  and  which  are 
morphologically  and  in  their  staining  characteristics  indistinguishable 
from  many  species  of  cocci. 

The  above  description  applies  to  the  morphology  of  a streptothrix 
when  growing  in  a fluid  medium,  and  it  will  be  seen  that  the  appear- 
ances are  widely  different  at  different  stages.  At  first  there  is  the 
tangled  mass  of  mycelium  which  a little  later  will  shew  indications  of 
segmentation  and  chain-sporulation  ; then  when  fragmentation  is  complete 
there  will  be  found,  side  by  side,  isolated  rod-segments  or  longish  filaments 
and  spherical  spores,  and  at  last  the  culture  will  shew  only  spores 

arranged  in  irregular  masses  like 
staphylococci,  or  in  pairs,  or 
still  retaining  their  chain-arrange- 
ment and  indistinguishable  from 


X 


/ 


/ , streptococci  \vhen  stained  by 

' * Gram’s  method. 

^ ^^'hen  the oi-ganism  is  growing 

on  a solid  medium  the  same 
morphological  cycle  may  often  be 
« ••  traced;  but  under  these  con- 

\ , y ditions  of  growth  it  is  also 

frequently  difficult  to  connect  the 
\ several  stages  in  their  proper 

order'. 

In  quickly  growing  species 
the  mycelium  usually  forms  a 

Fig.  3.-.S(mp(otftria:  ratcoia;  from  a .six-woeks-oUl  tpmpiniKi  hiver 

culture  oil  maltose  agar,  incubated  at  8i  c.  densely  leiteci  tenacious  layer 

(X  about  750).  which  spreads  over  the  surface 

of  the  medium,  and  sends  out  vigorous  lateral  branches  into  its  substance. 
After  a time  segmentation  occurs,  followed  by  fragmentation  as  when  the 
organism  is  growing  in  a fluid  medium.  In  many  of  the  species  which 
have  been  examined,  spores  are  developed  by  a process  of  chain-sporula- 
tion occurring  in  fine  aerial  liyphte  which  grow  erect  from  the  surface 
of  the  mycelial  layer.  These  aerial  hyphte  should  be  regarded  as  the 
special  spore-bearing  organs  of  a hyphomyces,  and  in  many  species  the 
occurrence  of  sporulation  is  usually  indicated  by  the  appearance  of  a 
chalky  kind  of  efflorescence  on  the  surface  of  the  growth. 

In  some  of  the  pathogenetic  species  of  streptotrichem  which  grov  m 
scantily  and  very  slowly  on  artificial  media,  the  growth  on  solid  media 
may  be  such  that  it  is  impossible  to  trace  the  complete  morphology  o 
the  organi.sm  as  described  above.  The  mycelium  develops  very  slowly, 
and  segmentation  and  fragmentation  of  the  filaments  appear  to  occiu 
nearly  coincidently  with  growth.  In  such  cases  the  ordinary  cover-glass 
preparation  will  shew  little  more  than  closely  packed  masses  of  ro  1- 
L<^ments  which  often  have  a beaded  appearance,  the  whole  closel> 
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resembling  what  is  seen  in  a similar  preparation  from  a culture  of 
B.  diphtheruv  or  B.  tuberculosis.  But  here  and  there  longer  filamentous 
seijments,  possiblj’  with  the  remains  of  a lateral  branch  still  attached, 
will  be  seen ; and  later  on  sporulation  is  obvious.  As  a rule,  when  the 
culture  on  a solid  medium  is  of  this  somewhat  indefinite  character  it 
will  be  found  that  typical  discoid  or  globular  colonies  develop  in  broth 
cultures  and  show  the  complete  c}  cle  of  morphological  change. 

The  Place  of  the  Genus  Streptothrix  in  Botanical  Classification. — 
Harz,  with  much  less  knowledge  of  the  morphology  of  these  organisms 
than  we  now  possess,  placed  Bollinger’s  ray-fungus  amongst  the  Hypho- 
mycetes  or  mould-fungi,  and  the  investigations  which  have  been  carried 
out  during  recent  years  under  much  more  favourable  conditions  have 
but  confirmed  Harz’s  opinion.  It  is  true  that  some  pathologists  have 
questioned  the  correctness  of  the  classification  of  the  streptotrichese 
.amongst  the  mould-fungi,  regarding  the  branching  mycelium,  the  rod- 
segments,  and  the  spherical  spores  as  merely  casual  moiqjhological 
variations  of  a highly  pleomorphic  fission-fungus,  which  under  diflerent 
, conditions  may  assume  a branching  filamentous,  a spirillar,  a bacillary, 
or  a coccal  form.  In  the  majority  of  cases  probably  the  objection  raised 
:to  the  classification  of  the  streptotrichccB  amongst  the  mould-fungi  has 
Ibeen  founded  on  observations  made  on  slow-growing  species  in  which 
;the  complete  life-cycle  is  difficult  to  follow;  and  a study  of  the  morpho- 
dogy  in  species  in  which  the  sequence  of  changes  can  be  closely  followed 
leaves  very  little  doubt  but  that  these  organisms  belong  to  the  moulds 
under  our  present  system  of  botanical  classification. 

No  multiplication  of  the  rod-segments  as  such,  or  of  the  spherical 
•spores,  ever  takes  place  by  a process  of  fission  such  as  is  characteristic 
of  the  fission-fungi ; the  aerial  hyphse  represent  the  specialised  spore- 
bearing organs  of  a hyphomyces  ; and  the  spores  of  the  streptotrichete, 
■ whilst  they  resemble  the  spores  of  other  hyphomycetes  in  their  thermic 
death-point  and  staining  reactions,  do  not  stain  by  the  eharacteristie 
IMoeller’s  method  which  is  used  for  demonstrating  the  spores  of  fission- 
•fnngi,  nor  do  they  correspond  with  the  spores  of  fission-fungi  in  respect 
:to  their  thermic  death-point. 

Cultural  and  Staining  Charaeteristies  of  the  Streptotrichem. — 
'The  cultural  characteii sties  of  the  streptotricheae  can  be  referred  to 
here  in  general  terms  only;  for  more  detailed  information  the  reader 
should  refer  to  a paper  (20)  in  which  a full  desenption  is  given  of  the 
cultural  characteri.stics  of  nine  pathogenetic  and  si.vteen  saprophytic 
specie.s  which  were  examined  at  the  Middlesex  Hospital. 

Difficulty  in  the  differentiation  of  species  of  the  pathogenetic  strepto- 
, trichefe  frequently  aiises  becjui.se  in  some  cases  no  growth  of  ;iny  kind 
I can  be  obtained  on  artificial  media,  whilst  in  other  cases  oidy  a vciy 
scanty  growth  can  be  obtained  and  the  organism  dies  out  ra})idly  when 
I attempts  at  subcultures  on  artificial  media  are  made.  Ccrlaiir  patho- 
I --genetic  species,  however,  grow  with  considcraljlc  freedom  on  artificial 
' media,  and  so  cjin  be  identified  readily  when  met  with  as  the  cause  of 
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disease.  Excluding  cases  in  which  all  attempts  at  obtiiining  growth  on 
artificial  media  fail,  the  strei)totricheae  may  he  roughly  divided  into  three 
groups  in  accordance  with  the  general  characters  of  the  growth  which 
they  yield  on  artificial  media. 

In  the  first  group  may  he  placed  the  organisms  which  grow  with  a 
certain  luxuriance  on  nutrient  agar,  or  nutrient  agar  containing  glucose 
or  maltose.  This  group  includes  the  majority  of  the  saprophytic  species 
which  have  heen  described,  and  also  a number  of  parasitic  and  patho- 
genetic species,  such  as  Streptothrix  hovis  communis,  one  of  the  species 
isolated  from  disease  in  man  by  Berestnew,  the  species  which  were 
similarly  isolated  by  Garten  and  by  Hesse,  the  three  species  isolated 
by  the  writer — Streptothrix  luteola  and  Streptothrix  hominis  III.  and 
IV.  Foulerton — and  several  other  unnamed  species  'which  have  been 
described  by  other  writers.  Amongst  this  group  there  are  some  whose 
growth  is  characterised  by  a “ mouldy  ” or  earthy  smell,  man}’  form 
pigments,  many  liquefy  gelatin,  some  liquefy  inspissated  blood-serum,  and 
some  exercise  an  active  hydrolytic  action  on  starch.  A noticeable 
characteristic  of  one  or  two  species  which  have  been  examined  is  the 
production  of  a distinctly  feculent  smell,  especially  in  broth  cultures. 

Next  there  is  a small  but  well-defined  group  of  pathogenetic  strepto- 
trichete  which  includes  a number  of  “acid-fast”  species — Streptothrix 
nocardii,  Streptothrix  eppingeri,  Streptothrix  capra’  (Silberschmidt),  and  the 
oiganisms  described  liy  Sabrazes  and  Bivi^re.  Streptothrix  madura; 
(Vincent)  may  be  classed  with  these  because  of  its  general  characters, 
although  the  cultures  of  this  organism  which  the  •writer  has  examined 
have  not  shewn  any  indication  of  acid-fast  properties.  On  agar  these 
species  yield  a fairly  free,  often  mealy-looking,  friable  growth,  which  in 
the  absence  of  pigment  formation,  as  in  the  case  of  StreptotJuix  nocardii, 
may  closely  resemble  in  general  appearance  a typical  culture  of  B.  tuber- 
culosis. Growth  takes  place  on  potato  in  most  cases;  inspissated  blood- 
serum  is  not  liquefied  ; and  the  cultures  have  not  any  peculiar  smell.  The 
pathogenetic  action  of  these  species  is  usualljr  well  marked  when  tested 
on  laboratory  animals.  Special  reference  to  the  acid-fast  properties  of  some 
of  these  species  will  be  made  later  (^vide  p.  319).  Lastly,  a number  of  cases 
have  been  recorded  in  which  the  streptothrix  isolated  has  yielded  such 
scanty  growth  on  artificial  media  that  difficulties  in  the  identification  of 
species  have  arisen.  In  most  of  the  cases  referred  to  the  growth  obtained 
on  nutrient  agar  has  been  very  scanty  and  slow,  whilst  growth  in  peptone 
broth  has,  as  a rule,  been  somewhat  more  vigorous.  Growth  on  inspissated 
blood-serum  has  been  usually  very  scanty,  sometimes  with  “ pitting  ” of 
the  medium.  The  growth  obtained  on  solid  media  is  whitish  in  colour 
and  markedly  friable,  resembling  an  extremely  scanty  growth  of  B.  tuber- 
culosis, and  usually  dies  out  rapidly  under  the  conditions  of  artificial 
culture.  Pathogenetic  action  towards  rabbits  and  guinea-pigs  is  very 
uncertain ; in  some  cases  the  streptothrix  has  produced  characteristic 
nodules  and  the  animal  has  died,  but  in  perhaps  the  majority  of  cases 
the  organism  has  apparently  been  non-pathogenetic.  It  is  impossible  to 
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say  how  many  dirterent  species  possessing  this  rather  indefinite  char- 
acter have  been  descril>ed  : I have  isolated  organisms  of  this  kind  from 
several  cases  of  infection  in  man,  and  believe  that  amongst  them  it  is 
possible  to  differentiate  at  any  rate  two  species — StrejMvir  hominis  1. 

. and  II.  Foulerton.  I would  also  include  in  this  group  the  organisms 

■ described  by,  amongst  others,  Krause,  Hayo  Brims,  and  Norris  and  Larkin, 
from  infections  in  man  ; Dr.  Dean  has  isolated  from  a submaxillary 

. abscess  in  a horse  an  organism  in  general  characters  resembling  that 
described. 

The  Natural  Distribution  of  the  Streptotriehese,  and  the  Sources  of 
Infection  for  Man. — Saprophytic  streptotricheas  are  widely  distributed 
in  nature,  occurring  commonly  in  air,  water,  and  soil.  Parasitic  species, 
whether  pathogenetic  or  not,  have  also  a wide  range  of  existence.  Somi' 
. are  found  bring  as  parasites  on  higher  members  of  the  vegetable 
kingdom,  such  as  the  streptotricheie  which  Berestnew  has  found  on 
grasses.  Maz6  also  has  described  streptothrix  forms  which  he  found 
. amongst  the  parasitic  colonies  attached  to  the  roots  of  leguminosse,  and 
. apparently  similar  forms  have  been  met  with  in  the  course  of  more  recent 
investigations  into  the  biology  of  the  root-nodules  which  are  specially 
1 common  amongst  vetches. 

Coming  to  the  animal  kingdom,  the  lowest  form  of  life  which  has 
' been  found  as  the  host  of  streptotricheie  is  probably  the  oyster,  the 
writer  having  isolated  a species  resembling  one  of  those  which  have  been 
•found  in  water  from  the  body-juices  of  an  oyster  taken  direct  from  a 

■ deep  laying  in  an  estuary.  Terni  isolated  an  organism,  Streptotlirv: 
I Utceii(p,  from  some  greyish  nodules  in  the  liver  of  Italian  lizards,  L.  viridis 

■ and  agilis.  Eossi  isolated,  from  abdominal  tumours  found  in  two  fowls, 

. a species  which  he  termed  Streptotliri.r  alba,  varieia  tossica,  in  order  to 
I distinguish  it  from  a somewhat  similar  species  previously  described. 

Amongst  species  infecting  higher  animals  there  are  Streptothrix  hovh 
• comrnunli  and  Streptothnx  nocardii,  which  have  been  already  referred  to  as 

■ causing  disease  in  cattle,  and  a well-differentiated  species,  Streptothrix 

■ capne,  i.solated  by  Silberschmidt  from  the  lesions  of  a disease  of  the  goat ; 
.'  and  more  or  less  well-authenticated  cases  of  streptotrichial  disease  have 

been  de.scribed  in  the  pig,  horse,  dog,  rabbit,  and  other  mammalia.  In 
man,  in  addition  to  the  streptotrichem  which  have  been  found  as  the 
causes  of  definite  disea.se,  there  arc  species  which  not  infrecpiently  infest 

■ the  mouth  as  apparently  harmless  parasites,  although  possibly  potential 
caases  of  disease. 

With  regard  to  the  common  sources  of  infection  for  man  we  have  as 
yet  but  little  exact  information.  With  the  exception  of  Streptothrix  hork 
mrnmnnk  {Ariinomyces  hmis  Harz),  which  has  been  identified  in  only  a 
: few  of  the  numerous  cases  of  streptothrix  infection  in  man  that  have 
now  been  investigated  under  modern  bacteriological  conditions,  none  of 
the  species  infecting  lower  animals  has  yet  been  found  to  be  the  cause  of 
disease  in  man.  But  certain  of  the  more  freely  growing  organisms  of 
I a pronounced  “mould”  type,  i.solated  from  cases'  of  disease  in  man, 
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resemble  very  closely  a certain  type  of  these  organisms  which  is  re- 
presented by  such  saprophytic  species  as  Btreptolhrix  alba  I-iossi-Doria, 
isolated  from  the  air,  and  Strc2Jtothrix  leucea  Foulerton,  isolated  from 
sewage  eflluents  and  from  water.  One  species,  Streptothrix  hominis  IV. 
Foulerton,  isolated  from  a case  of  nephrectomy  for  pyonephriti.s,  is 
probably  identical  with  Streptothrix  melanutica  C.  Price  Jones,  which 
was  found  growing  on  some  bacteriological  plates  as  the  result  of  aerial 
contamination. 

A knowledge  of  the  occupation  of  those  affected  by  streptotrichial 
disease  is  of  some  value  as  affording  a clue  to  possible  sources  of 
infection.  I have  had  the  opportunity  during  the  last  seven  3'ears  of 
examining  material  from  39  cases  of  streptothrix  infection,  which  may 
be  classified  as  follows  : — 


Infections  of  the  mouth  and  of  the  tissues  of  the  neck  . . .21  cases. 

Pulmonary  streptotrichosis  ........  7 cases. 

Renal  streptotrichosis  (probably  primary  infection  of  the  lung)  . . 1 case. 

Streptotrichial  appendicitis  ........  6 cases. 

Right  iliac  abscess  (probably' secondary  to  appendicitis  in  each  case)  . 3 cases. 

Streptotrichial  conjunctivitis,  with  sloughing  of  the  cornea  . . 1 case. 


Of  the  39  patients  from  whom  material  was  examined,  36  were  under 
treatment  in  either  the  wards  or  out-patient  departments  of  the  Middlesex 
blospital,  whilst  3 occurred  in  private  practice  ; of  the  last,  2 cases  are 
classified  in  the  following  table  as  “ unoccupied  ” females,  whilst  the 
third  was  a student  of  medicine.  Of  the  36  hospital  patients,  most  were 
habitually  resident  in  London,  but  one  or  two  had  been  sent  up  for 
treatment  from  rural  districts  ; - 
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OcCrPATIOX  AND  AUKS  IN  39  CASES  OF  StREI’TOTHKIX  INFECTION 
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The  frequency  of  primary  streptotrichial  infection  of  the  mouth  in  cattle, 
resulting  in  the  formation  of  small  nodules  situated  immediately  under,  and 
sometimes  actually  invading,  the  mucous  surface  of  the  dorsum  of  the  tongue, 
has  obviously  suggested  that  herbage  may  be  a special  habitat  of  the  strepto- 
tricheae  and  a possible  source  of  infection.  Further,  the  general  belief  that 
these  infections  are  especially  liable  to  occur  among  those  whose  occupations 
bring  them  into  frequent  contact  with  dust  emanating  from  dried  grasses,  or 
whose  rural  occupations  render  them  e.specially  exposed  to  infection  from 
vegetable  .sources,  is  to  some  extent  supported  by  a consideration  of  the 
habits  and  occupations  of  the  39  individuals  included  in  the  above  Table. 
Thu.s,  there  were  4 men  employed  in  stables,  constantly  handling  hay  and 
straw,  and  possibly  addicted  to  the  habit,  prevalent  amongst  those  employed  in 
stables,  of  chewing  pieces  of  straw  : in  case  3 there  was  an  empyema  secondary 
to  pulmonary  infection ; in  case  35  there  was  a pulmonary  abscess,  with  a 
secondary  focus  of  infection  in  the  cerebrum  ; in  case  18  there  was  an  abscess 
of  the  cheek  ; and  in  case  28  an  absces*s  of  the  neck,  which  presented  itself 
externally  behind  the  ramus  of  the  mandible,  and  was  followed  by  several  small 
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abscesses  ia  the  subcutaneous  tissue  in  the  neighbourhood.  Two  of  the  patients 
were  gardeners ; in  case  8 there  was  an  abscess  situated  in  the  floor  of  the 
mouth ; and  in  case  26  there  was  a submaxillary  abscess  presenting  itself 
externally.  Two  cases  occurred  in  bakers  : ca.se  25,  in  which  there  was  a large 
right  iliac  abscess,  presumably  secondary  to  appendicitis  ; and  case  27  with  an 
abscess  of  the  mandible.  Case  13  was  a dairy-maid  with  an  abscess  of  the 
cheek. 

In  addition  to  these  9 patients  who,  because  of  their  occupation,  may  be 
considered  as  specially  liable  to  infection  from  vegetable  sources,  there  were  3 
other  cases  in  which  there  were  special  reasons  to  believe  that  infection  might 
have  been  similarly  conveyed.  Case  12  was  that  of  a female  student  of  medicine 
who  died  with  extensive  retro-peritoneal  suppuration  secondary  to  appendicitis. 
Three  months  before  the  onset  of  the  first  symptoms  of  appendicitis  the  patient 
had  spent  a holiday  in  a rural  district  in  Scotland,  and  had  been  in  the  habit 
of  frequently  chewing  ears  of  growing  barley  and  oats  as  she  walked  through 
the  fields.  Case  23  wa.s  that  of  a cellarman  with  appendicitis  ; this  patient 
lived  over  some  stables  in  a mews  in  London.  Case  37,  classified  as  an 
“ unoccupied  ” male,  died  with  an  extensive  pulmonary  streptotrichosis,  a large 
focus  of  infection  in  the  liver,  and  another  in  the  cerebrum.  The  history  of 
this  case  was  that  after  an  ^tack  of  scarlet  fever  the  patient  had  spent  some 
weeks  on  a farm  in  Devonshire  ; shortly  after  leaving  the  farm  the  first  evidence 
of  infection  was  manifested  in  an  empyema,  and  death  occurred  about  four 
months  afterwards.  To  these  12  cases  may  be  added  a group  of  6 others 
occurring  amongst  those  occupied  in  tailoring,  or  dressmaking,  and  possibly  in 
the  habit  of  passing  cotton  or  thread  between  their  lips.  Case  22  was  that  of 
a tailor  with  an  abscess  of  the  mandible  : case  1,  a tailoress  with  pulmonary 
streptotrichosis  : case  21,  a tailoress  with  an  abscess  of  the  mandible  : case  36, 
a tailoress  with  an  acute  parotid  abscess ; case  24,  a dressmaker  with  a sub- 
maxillary abscess  which  presented  externally : and  case  33,  a dressmaker, 
died  after  an  operation  for  streptotrichial  appendicitis,  with  extensive  suppura- 
tive thrombosis  of  the  superior  mesenteric,  splenic,  and  portal  veins,  which  after 
death  were  found  to  be  densely  infected  with  a streptothrix. 

Amongst  the  39  cases,  then,  there  were  18  at  least  in  which  there  were 
reasonable  probabilities  that  the  infection  might  have  been  derived  from  a 
vegetable  source.  The  occurrence  of  two  cases  amongst  bakers  is  of  some 
interest  as  suggesting  a possible  explanation  of  a portion  of  the  high  mortality 
from  phthisis  among  flour  - workers ; there  is  no  evidence  that  this 
phthisis  is  due  to  B.  tuberculosis,  and  the  association  of  streptotricheoe  with 
grain  suggests  the  possible  nature  of  some  of  the  cases  occurring  amongst 
those  engaged  in  handling  flour.  In  some  of  the  cases  of  alveolar  abscess  of 
the  mandible  there  was  evidence  that  infection  had  occurred  through  a 
carious  tooth. 

The  Pathog’enetie  Action  of  the  Streptotriehese. — The  most  common 
anatomical  manifestation  of  a streptothrix  infection  results  from  the 
development  of  nodules  and  larger  masses  of  granulomatous  tissue  around 
the  invading  parasites.  This  newly-formed  tissue  may  undergo  any,  or 
all,  of  the  changes  to  which  such  tissue  is  liable  when  developed  in  the 
course  of  an  infection  by  a vegetable  parasite  : that  is  to  say,  the  parasite 
having  died  out,  the  newly-formed  tissue  may  disappear,  leaving  the  part 
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but  little  altered  iti  ai)i)earauco  and  the  site  of  infection  marked  only  by 
an  insignificant  cicatrix  ; or  the  granuloma  may  caseate,  c'Uid  sometimes 
become  calcified ; or  the  new  tissue  may  slowly  break  down  into  a 
purulent  finid,  or  may  undergo  necrotic  changes  in  mass.  Then  again, 
some  of  the  streptotrichere  are  actively  j^yogenetic  under  certain  con- 
ditions, and  an  acute  abscess  may  mark  the  site  of  infection. 

Speaking  generally,  it  may  be  said  that  the  streptotrichete  which  ai-e 
the  cause  of  human  infections  are  not  by  themselves  apt  to  produce  any 
very  marked  constitutional  symptoms  or  effects,  either  by  the  secretion 
of  actively  virulent  toxins  or  by  the  production  of  like  bodies  by  decom- 
position of  the  tissues  in  which  they  may  be  growing.  But  some  of  the 
streptotrichem  have  a fairly  active  local  action,  evidenced  by  the  forma- 
tion of  acute  abscesses  and  explained  in  part  by  the  fact  that  some  of 
them  secrete  actively  peptonising  ferments. 

The  uncomplicated  action  of  the  streptotrichete,  then,  is  not  usually 
manifested  by  severe  general  symptoms,  but  rather  shews  itself  in  the 
physical  results  of  the  formation  of  new  tissue,  and  in  the  results  of 
destruction  of  the  tissues  actually  infected.  Generally  it  is  only  when 
the  granulomatous  tissue,  having  broken  down,  has  become  the  seat  of 
secondary  infection  by  pyogenetic  cocci,  or  other  organisms  which  secrete 
toxins  that  have  a marked  general  effect,  that  the  wasting  and  more 
severe  constitutional  symptoms  which  occur  in  advanced  cases  of  strepto- 
trichosis  are  seen. 

The  accomplishment  of  a natural  cure  in  strep  to  trichoses  would  seem 
to  be  comparatively  frequent,  and  must  be  borne  in  mind  when  con- 
sidering cases  of  apparently  curative  action  of  drugs.  The  tendency  to 
natural  cure  must  also  be  remembered  as  a possible  explanation  of  cases 
in  which  streptotrichial  lesions  occur  only  in  parts  which  would  not 
seem  liable  to  become  the  seat  of  a primary  infection  from  without ; thus, 
in  a single  focus  of  infection  in  the  liver  it  is  always  possible  that  there 
may  have  been  a primary  infection  pf  some  part  of  the  intestinal  canal, 
the  initial  lesion  having  meanwhile  become  healed.  In  fact,  there  is 
good  reason  to  believe  that  the  life  of  individual  organisms  in  the  infected 
tissues  is  but  short,  and  it  is  probable  that  the  conditions  of  parasitic 
existence  in  the  tissues,  unless  the  lesion  is  so  circumstanced  that  air  has 
access  to  the  organisms,  are  not  favourable  to  sporulation.  Hence,  when 
the  organisms  are  confined  in  a limited  space,  a.s,  for  instance,  in  an 
abscess -cavity  or  in  an  empyema,  they  probably  soon  die  out ; this 
probability  affords  an  explanation  of  some  of  the  numerous  cases  in  which 
it  is  impossible  to  obtain  any  growth  on  artificial  media  from  material  in 
which  an  abundance  of  streptotrichial  forms  can  bo  seen  under  the 
microscope.  When  there  is  a progressive  invasion  of  the  tissues,  how- 
ever, or  when  dissemination  in  remote  parts  occur.s,  the  parasites  grow 
with  renewed  life  in  the  fresh  soil. 

With  regard  to  the  spread  of  infection  by  direct  continuity,  or  by 
contiguity,  of  tissues,  there  are  marked  contrasts  in  the  scleeted  i>ath  of 
infection  in  different  circumstances.  Thus,  at  one  time  a i)rogre.'«sive 
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invasion  of  fresh  tissue  occurs  without  regard  to  anatomical  boundaries, 
as  is  not  infrequently  seen  in  the  course  of  a pulmonary  streptotrichosis. 
In  such  a case  the  parasite  from  the  lung  may  infect  a comparatively  small 
area  of  the  pleural  membrane,  and,  then  passing  directly  through  the 
chest-wall,  give  rise  to  an  external  abscess.  This  perforating  tendency  is 
very  marked  in  some  forms  of  pulmonary  streptotr’ichosis  ; and  is  probably 
much  more  common,  not  merely  relatively  to  the  number  of  diagnosed 
cases  but  absolutely,  in  cases  recognised  as  pulmonary  streptotrichosis 
than  in  cases  recognised  as  pulmonary  tuberculosis.  But  in  other  cir- 
cumstances one  observes  a marked  tendency  for  the  path  of  infection  to 
run  along  planes  of  subcutaneous  or  other  connective  tissue : for  instance, 
after  perforation  of  the  chest-wall  there  may  be  a widely  spreading 
infection  of  the  subcutaneous  tissue  of  the  chest,  after  an  appendicitis  there 
may  be  an  extensive  infection  of  the  retro-peritoneal  cellular  tissue,  or 
after  an  infection  of  some  part  of  the  mouth  there  may  be  progressive 
infection  of  the  subcutaneous  tissue  of  the  front  of  the  neck. 

Dissemination  of  the  parasite  from  earlier  foci  of  infection  occurs 
both  by  the  lymphatics  and  by  the  blood  - vessels.  Spread  of 
infection  along  the  lymphatics  may  be  seen  in  its  most  typical  form 
in  the  experimental  infection  of  lower  animals  by  such  a species  as 
Streptothrix  nocardii,  when  under  appropriate  conditions  the  orderly 
progress  of  infection  by  the  lymph-jDaths  may  be  as  obvious  as  in  the 
case  of  infection  by  B.  iuherculosis  in  similar  experimental  circumstances. 
That  infection  by  means  of  the  blood-vessels  also  occurs  is  clearly 
demonstrated  by  the  distribution  of  the  secondary  lesions  in  many  cases 
of  human  disease. 

AVhen  invasion  of  healthy  parts  occurs,  wliether  through  direct  con- 
tinuity of  tissue  or  l)y  dissemination  by  lymphatics  or  blood-vessels,  it  is 
probable  that  the  organism  is  usually  conveyed  in  the  form  of  short 
rod-segments,  and  not  in  tlie  smaller  spore-form.  In  some  circumstances, 
as  when  a suppurating  cavity  in  the  lung  is  in  communication  with  the 
air,  spore-forms  may  be  present  in  abundance,  and  being  conveyed  else- 
where may  doubtless  originate  fresh  foci  of  infection.  But  in  lesions  to 
which  air  has  not  had  access  the  organism  is  found,  according  to 
my  experience,  generally  in  the  typical  mj'celial  form  or  as  shorter 
rod-segments.  And  on  examining  sections  of  tissues  at  the  edge  of  a 
spreading  area  of  infection  the  earliest  forms  of  the  parasite  seen  are 
usually  such  as  would  suggest  that  gi'owth  of  the  organism  is  occurring 
by  the  sprouting  out  of  a single  rod-segment,  or  perhaj)s  a collectioii  of 
two  or  three,  rather  than  that  the  parasite  is  from  the  first  developing 
in  the  typical  “ ray  ” fashion  from  a central  spore ; the  ray  arrangement 
of  the  mycelium  in  organisms  that  are  growing  in  the  tissues  is  usually 
seen  only  at  a comparatively  advanced  stage,  and  not  in  the  earliest  stage 
of  growth  as  is  observed  when  development  from  a spore  occurs  in  a 
broth  culture. 

The  anatomical  distribution  of  lesions  and  the  clinical  course  of  the 
disease  vary  greatly  in  cases  of  streptotricheaa  in  man,  and  probably 
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the  several  species  of  streptotricheie  wliicli  have  liitherto  been  identified 
have  each  their  special  mode  of  j)athogenctic  action.  But  the  number 
of  cases  in  whicli  careful  record  has  been  made  of  both  the  clinical 
features  of  the  tlisease  and  the  bacteriological  characters  of  the  infecting 
pjirasite  is  still  so  small  that  e.xact  knowledge  with  regard  to  this  point, 
such  as  would  be  of  A'alue  in  formulating  a prognosis,  an'aits  further 
investigation  of  individual  ciises.  It  is,  however,  probable  that  so  far  as 
prognosis  is  concerned,  the  anatomical  situation  of  the  seat  of  primary 
infection  is  as  important  in  streptotriclioses  as  it  is  in  many  bacterial 
diseases.  From  this  point  of  view  prognosis  is  generall}’  more  and  more 
unfavounible  according  as  infection  first  occurs  in  the  tissues  about  the 
mouth,  in  the  intestinal  tract,  and  in  the  lungs.  And,  apart  from  this, 
it  may  be  added  that  parasites  belonging  to  the  “acid-fast”  group  of 
streptotricheie  are  esjjecially  likely  to  be  the  cause  of  widely  disseminated 
infection,  with  correspondingly  serious  results. 

The  Identification  of  Streptotriehese  as  they  occur  in  Infected 
Tissues,  in  Pus,  and  in  Sputum.  — To  describe  the  bacteriological 
Ijrocedure  necessary  for  the  isolation  and  identification  of  dift'erent  species 
of  streptotriehese  would  be  outside  the  scope  of  the  jrresent  article,  and  it 
is  only  necessary  now  to  refer  very  briefly  to  the  appearance  of  these 
parasites  generally  when  occurring  in  morbid  material. 

With  regard  to  appropriate  staining  methods  it  may  be  stated  that 
Gram’s  method  stains  all  the  known  streptotriehese  well  except  the 
degenerated  portions  of  the  organism  when  the  stage  of  segmentation  is 
in  progress ; and  this  method  is  generally  the  most  convenient  for 
purposes  of  diagnosis.  Some  species  also  stain  by  the  Ziehl-Xeelsen 
method  commonly  used  for  the  demonstration  of  B.  tuberculosis. 

The  general  appearance  of  the  parasite  as  it  occurs  in  the  tissues  in 
the  “ ray-fungus”  form  is  well  known  ; but,  as  already  stated,  the  earliest 
stage  of  growth  of  the  parasite  in  the  tissues  may  appear  as  a small 
collection  or  clump  of  short  root  - segments,  the  “ ray  ” arrangement 
becoming  obvious  only  at  a slightly  more  advanced  stage  of  growth.  In 
sections  of  tissues  affected  by  streptotrichosis  there  are  occasionally 
collections  of  very  fine  round  particles  which  are  much  smaller  than  the 
spores  of  a streptothrix ; these  collections  probably  represent  the  remains 
of  masses  of  mycelium  which  have  died  out.  In  examining  sections  care 
must  be  taken  not  to  mistake  the  rounded  transverse  section  of  a filament 
for  a spore,  the  latter  are  not  found  in  ordinary  circumstances  in  sections 
of  infected  tissue.  Reference  must  also  l)e  made  to  an  appearance  of 
“clubbing”  at  the  end  of  the  mycelial  filaments,  to  which  some  authori- 
ties have  attached  considerable  importance  in  the  differentiation  of  these 
organisms.  This  appearance,  however,  is  very  variable  ; “ clubs  ” may 
be  founrl  in  one  part  ;ind  not  in  another  of  the  same  case,  and  1 am  not 
inclined  at  pre.sent  to  attribute  much  specific  ini])ortance  to  their  ])rescnce. 
In  pus  the  adult  para.sites  take  the  form  of  dense  tufts  of  mycelium, 
c.vactly  like  those  seen  in  cidtures  in  an  artificial  Iluid  medmm.  and 
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under  these  conditions  there  will  never  be  any  diffic\dty  in  identifying 
the  nature  of  the  infection.  But  in  the  case  of  an  old  abscess,  in  the  pus 
of  which  the  parasite  has  undergone  complete  segmentation,  there  may 
be  great  difficulty  in  differentiating  between  a streptotrichial  and  .some 
form  of  bacillary  infection  by  means  of  microscopic  examination  onlv. 
Thus  in  the  pus  obtained  from  an  old  empyema  there  may  only  be  a 
number  of  beaded  rods  which  stain  by  Gram’s  method,  and  at  first  sight 


Fio.  4. — Streptothrix  parasite  in  pus  from  empyema  (x  nhmit  700). 


are  not  to  be  distinguished  from  bacillary  forms.  But  carefid  examination 
in  such  a case  will  often  discover  that  one  or  two  of  the  rod-segments 
have  short  lateral  branches  still  attached,  and  possibly  some  longer 
filaments  with  wavy  outline  will  be  found.  In  these  cases,  of  course, 
cultures  will  at  once  settle  the  question. 

In  sputum  all  stages  of  the  organism  may  frequently  be  seen  side  l)v 
side,  mycelial  tufts,  sm<all  clumps  of  rod-segments  and  longer  filaments, 
and  sometimes  numerous  spores,  which  last,  however,  cannot  be  differen- 
tiated from  ordinary  pyococci  by  microscopic  examination.  There  is. 
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however,  other  evidence  available  as  to  the  nature  of  these  spherical 
bodies,  whoso  presence,  more  particularly  in  the  discharge  from  ])iilmon- 
arv  streptotrichoses,  is  probably  due  to  the  fact  that  the  access  of  air  to 
cavities  in  the  lung  favours  the  sporulation  of  streptotricheas  that  may  be 
growing  there.  The  frequent  occurrence  of  sporulation  in  the  cii'cum- 
stances  of  pulmonary  infection  has  doubtless  some  influence  in  making 
the  prognosis,  speaking  generall}',  less  fa\’Ourable  in  cases  of  jjulmonary 
streptotrichosis  than  when  the  primary  lesion  of  infection  is  elsewhere. 

In  some  cases  the  mycelial  tufts  found  in  discharges  are  completely 
encrusted  with  gritty  crystalline  matter  which  may  obscure  the  nature 
of  the  granules  imtil  they  have  been  crushed.  This  crystalline  matter 
retains  the  anilin  stain  very  deei^ly  vdieii  the  granules  are  stained 
by  Gram’s  method,  but  its  chemical  composition  is  not  known.  The 
encrustation  of  the  mycelium  is  apparently  much  commoner  in  bovine 
than  in  human  streptotrichosis,  it  is  probable  that  it  is  peculiar  to  certain 
species ; further,  it  may  occur  not  only  when  the  organism  is  existing 
under  parasitic  conditions  but  also  in  cultures  in  ordinary  peptone  broth. 
The  pus  from  a streptotrichial  abscess  in  Avhich  the  parasite  is  present  in 
pure  culture  may  have  a strongly  feculent  odour ; this  has  been  noticed 
in  pus  from  pulmonaiy  infections  as  well  as  in  those  connected  with  the 
vermiform  appendix. 

The  Relationship  of  Bacillus  tuberculosis  to  the  Group  of  Acid-fast 
Streptotrichete. — The  question  of  the  existence  of  a close  relationship 
between  the  streptotrichese  and  certain  reputed  schizoraycetes  or  fission- 
fungi — more  particularly  the  parasites  which  cause  glanders,  diphtheria, 
and  tuberculosis — has  been  raised  by  many  pathologists ; and  evidence  of 
such  relationship  may  be  considered  in  the  first  place  Avitli  re.spect  to 
similarity  in  general  morphology  and  biological  characteristics,  and  then 
■with  respect  to  similarity  of  pathogenetic  action. 

With  regard  to  Bacillus  mallei,  it  may  be  pointed  out  that  the  evidence 
of  relationship  brought  forward  is  mainly  that  under  certain  conditions  of 
culture  on  artificial  media  this  species  assumes  “chrbl)ed”  filamentous 
and  branching  forms  (Galli-Vallerio),  which  • certainly  resemble  some  of 
the  rod-segments  which  may  be  seen  in  the  culture  of  a streptothrix  after 
fragmentation  of  the  mycelium  has  occurred.  But  it  is  jn-obable  that 
these  morphological  variations  of  the  bacillus  are  merely  the  accidental 
“ involution  ” fonns  of  a fission-fungus,  and  are  not  comparable  Avith  the 
constantly  occurring  forms  of  a regular  phase  in  the  normal  life-cycle  of 
a streptothrix.  For  the  rest,  B.  mallei  is  in  its  method  of  reproduction 
a typical  fission -fungus,  sporulation  is  not  known  to  occur,  and  the 
organism  is  strongly  differentiated  from  all  tlie  known  streptotrichem  by 
not  .staining  with  Gram’s  method.  Again,  there  is  no  such  resemblance 
between  the  pathogenetic  action  of  B.  mallei  and  the  strcptotrichejv 
generally  as  would  of  itself  suggest  any  near  i-elationship. 

In  the  case  of  Bacillus  tlipldlicrue  the  general  morphological  similarity 
of  the  forms  occurring  in  cultures  on  artificial  media  to  the  rod-segments 
of  many  streptotriche.'e  after  the  occurrence  of  fragmentation  is,  again, 
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Striking ; and  in  both  cases  good  staining  is  obtained  wiih  Gram’s 
method.  But  neither  in  cultures  growing  on  artificial  media  nor  by  ex- 
amination of  the  organism  as  it  has  grown  in  membranes  in  cases  of  disease 
is  there  any  evidence  that  the  bacillus  of  diphtheria  has  an  early  mycelial 
stage  such  as  is  characteristic  of  the  streptotriche®.  Meyerhoff,  it  is  true, 
has  contended  that  the  “ clubbed  ” and  branching  forms  found  in  cultures 
of  B.  diiMlwrm  under  various  conditions  are  the  true  and  characteristic 
form  of  the  species,  but  this  opinion  has  not  been  generally  accepted.  Nor 
can  it  be  said  that  there  is  any  reasonable  resemblance  between  the 
pathogenetic  action  of  the  bacillus  and  that  of  the  known  streptotrichese  ; 
the  severe  toxaemia,  which  is  the  predominating  pathological  feature  of 
diphtheritic  infection,  has  no  counterpart  in  any  cases  of  streptotrichosis 
hitherto  recorded. 

But  though  for  practical  purposes  these  two  species  must  meanwhile 
continue  to  be  classified  amongst  the  fission-fungi,  it  is  possible  that 
their  branched  and  filamentous  forms  are  not  in  reality  indicative  of  a 
degenerative  stage  in  the  life  of  the  organism,  or  are  not  “ involution 
forms  ” as  they  are  generally  termed,  but  that  they  should  be  regarded 
as  evidence  of  a commencing  evolution  of  a fission-fnngns  in  the  direction 
of  a higher  type  of  life. 

With  regard  to  Bacillus  iubennlosis  the  position  is  altogether  different, 
and  many,  with  whom  I agree,  consider  that  there  are  strong  reasons 
for  believing  that  the  proper  botanical  position  of  this  species  is 
amongst  the  streptotricheae.  The  reasons  foi’  the  transference  of  B. 
tuberculosis  from  amongst  the  fission-  to  the  mould-fungi  were  first  stated 
at  length  by  Coppen  Jones  (1895).  This  writer,  after  referring  to  the 
opinion  of  Metchnikoff  (1888)  that  B.  tuberculosis  represented  not  a final 
stage  but  only  a phase  in  the  life-history  of  a “ thread  bacterium,”  and 
to  the  opinion  of  Fischel  (1893)  that  the  species  “is  no  bacillus  in  the 
sense  of  morphology”  but  in  its  saprophytic  stage  when  growing  on 
artificial  media  belongs  probably  to  a family  of  higher  pleomorphic 
nionlds,  gave  the  results  of  his  extensive  observations  on  the  morphology 
of  the  organism  under  various  conditions,  and  pointed  out  the  strong 
resemblance  between  it  and  Actinomyces.  Although  very  little  fresh 
information  has  been  forthcoming  with  regard  to  the  biology  of  B. 
tuberculosis,  the  considerable  additions  to  our  knowledge  of  the  strepto- 
tricheffi  have  strengthened  materially  the  belief  held  by  these  writers. 

With  regard  to  morphology,  it  may  be  said  at  once  that  under  many 
conditions  of  artificial  culture  B.  tuberculosis  presents  forms  M'hich  are 
indistinguishable  from  those  assumed  by  the  streptoti’ichea?,  and  it  is 
highly  probable,  but  not  proved,  that  the  earliest  stage  of  growth  of  the 
organism  in  artificial  media  is  as  that  of  a strejitothrix.  Further  informa- 
tion on  this  point  is  necessary  ; the  difficulty  which  cairses  the  present 
uncertainty  on  this  point  is  probabh’'  the  same  as  that  already  mentioned 
as  obscuring  the  complete  morphological  cycle  of  the  more  slowly -growing 
streptotrichese,  namely,  that  segmentation  and  fragmentation  of  the 
mycelium  are  nearly  coincident  in  point  of  time.  Babes  and  Levaditi 
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have  shewn  that  on  examining  early  tnbercnlons  lesions,  such  as  the 
recent  nodules  on  the  dura  mater  induced  by  intravenous  infection  in  tlie 
rabbit,  the  “ bacillus  ” is  found  in  a characteristic  ray-fungus  form  ; these 
observations  have  been  confirmed  by  others. 

An  important  point  arising  in  the  consideration  of  the  relationship  of 
B.  iaberculosis  to  the  fission-fungi  on  the  one  hand  and  to  the  strepto- 
tricheje  on  the  other  is  the  question  of  thermic  death-point,  which  itself 
is  intimately  connected  with  the  question  of  spore-formation.  And, 
although  this  has  not  hitherto  been  pointed  out,  the  evidence  obtainable 
in  this  direction  is  strongly  in  favour  of  relationship  with  the  strepto- 
trichere.  The  thei’mic  death -point  of  B.  tuberculosis  has  long  been 
recognised  by  bacteriologists  as  anomalous  for  a bacillus.  Thus,  with 
exposure  to  moist  heat  for  a period  of  from  10  to  15  minutes  the  thermic 
death-point  of  the  bacillacere  is  either  between  55°  C.  and  65°  C.,  or  at 
100°  C.,  or  upwards,  according  as  the  organism  tested  is  a sporingor  anon- 
sporing  one,  while  the  thermic  death-point  of  B.  tuberculosis  is  intermediate 
in  position.  The  exact  thermic  death-point  of  B.  tuberculosis  as  a matter  of 
fact  has  not  yet  been  ascertained,  possibly  because  more  than  one  species 
is  at  present  recognised  under  the  name,  or  possibly  because  of  the 
occurrence  of  spore-forms  in  the  cultures  tested,  but  the  majority  of 
observers  place  it  between  70°  C.  and  85°  C. ; I have,  however,  observed 
one  strain  with  a thermic  death-point  as  high  as  90°  C.  with  an  exposure 
to  moist  heat  of  15  minutes’  duration.  But,  at  any  rate,  these  thermic 
death-points,  anomalous  for  a bacillus  whether  in  a sporing  or  non- 
sporing  stage,  are  at  once  explained  by  the  h5qDothesis  that  it  is  a mould. 
The  themiic  death-points  of  the  mould-fungi  vary  within  wide  limits ; 
and  the  observations  of  Dr.  G.  Price  Jones  and  myself  shewed  that  for 
many  streptotrichese  examined,  the  thermic  death-points,  vath  a time- 
exposure  of  30  minutes,  were  between  60°  C.  and  75°  C.  Further,  with 
the  streptotricheffi,  as  with  other  moulds,  the  difference  between  the  thermic 
death-points  of  the  same  organism,  according  as  it  is  in  an  activel}' 
growing  or  in  a sporulating  stage,  is  not  nearly  as  great  as  it  is  vdth  the 
bacillacere,  a range  of  temperature  between  5°  and  15°  C.,  representing 
the  difference  in  species  of  streptotrichese  selected  for  the  testing  of  this 
point. 

^\'e  may  next  consider  the  “acid -fast”  property,  due  to  the 
presence  of  a waxy  substance  that  enters  into  chemical  combination  with 
the  fuchsin  used  in  the  Ziehl-Neelscn  method,  which  is  common  to  a 
group  of  the  streptotrichea;,  B.  tuberculosis,  and  certain  other  reputed 
bacillacere.  The  number  of  acid-fast  streptotrichere  as  yet  isolated  and 
carefully  described  is  comparatively  small ; and  the  more  imjjortant  spccie.s 
have  already  been  mentioned,  namely,  S.  eppiiujeri  and  the  organism 
described  by  Sabrazes  and  liiviere  occurring  in  man,  and  B.  iiocardii 
and  -S',  cojme  occurring  in  lower  animals.  1 have  examined  cultures  of 
all  these  and  have  found  that  portions  of  tliree  of  them  were  identical 
with  U.  tuberculoms  as  regards  both  “ acid-fast  ” and  “ alcohol-last  ” pro- 
perties. The  fourth  species,  a reputed  culture  of  tlie  organism  isolated 
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by  Sabrazes  and  Riviere,  v^as  acid-fast  after  treatment  with  a 33  per  cent 
solution  of  nitric  acid,  but  was  decolorised  by  a subsequent  washing  with 
absolute  alcohol.  In  these  streptotrichere  the  “ acid-fast  ” properties  are 
not  present  in  the  earlier  stages  of  growth,  and  are  probably  only  acquired 
after  segmentation  has  occurred  ; further,  the  number  of  acid-fast  segments 
in  these  four  species,  while  increasing  as  the  culture  ages,  is  always  limited, 
so  that  in  cultures  up  to  eight  weeks  old  the  acid-fast  rod-segments  are 
always  present  in  much  smaller  number  than  the  rod-segments  which  have 
not  developed  this  property.  As  to  how  far  cultures  of  B.  Inherculosis 
correspond  with  cultures  of  these  streptotrichese  as  regards  the  acquire- 
ment of  acid-fast  properties  we  are  at  present  without  accurate  infor- 
mation, although  as  long  ago  as  1889  Dr.  Klein  pointed  out  that  the 
bacilli  were  not  acid -fast  in  the  earlier  stage  of  their  growth.  It  must 
be  noted  that  as  regards  the  four  streptoti-ichere  mentioned  it  is  only 
the  rod-segments  that  acquire  acid-fast  properties,  the  spores  not  staining 
either  by  the  Ziehl-Neelsen  or  by  the  Moeller  method. 

Amongst  other  points  bearing  on  the  question  at  issue  are  the  striking 
similarity  between  the  appearances  of  cultures  on  artificial  media  of  B. 
tuberculosis  and  of  certain  of  the  streptotricheae,  such  as  S.  nocardii,  and 
also  the  comparative  difficulty  in  first  transplanting  both  B.  tuberculosis 
and  some  of  the  streptotricheac  from  parasitic  to  saprophytic  conditions, 
and  the  slowness  and  scantiness  of  its  growth  in  the  first  cultures 
obtained  on  artificial  media.  In  short,  with  the  exception  of  the  single 
doubtful  point  as  to  whether  B.  tuberculosis  in  its  earliest  stage  of  growth 
develops  from  a spore  in  typical  streptothrix  fashion,  there  is  no  point  of 
essential  difference  with  regard  either  to  morphology  or  to  biology 
generally  that  can  be  raised  against  the  acceptance  of  the  generic 
relationship  of  this  organism  to  the  group  of  acid-fast  streptotricheae. 
While  there  is  so  obvious  a general  resemblance  between  the  mode 
of  pathogenetic  action  of  B.  tuberculosis  and  of  the  streptotricheae  as  a 
class  that  streptotrichoses  have  been  included  amongst  the  diseases  some- 
times designated  by  the  ill-chosen  term  “ Pseudo-tuberculosis  ” (40),  it  is 
sjDecially  interesting  to  compare  the  bacillus  in  this  respect  with  members 
of  the  group  of  acid-fast  streptotricheae.  First  with  regard  to  experi- 
mental infections,  intra-peritoneal  injection  of  a culture  of  S.  nocardii  or 
S.  eppingeri  into  a guinea-pig  gives  rise  to  what  can  only  be  described 
anatomically  as  a generalised  tuberculosis ; the  results  of  experimental 
infection  under  these  conditions  with  either  species  are  practically 
indistinguishable,  both  betAveen  themselves  and  from  the  results  of  a 
similar  infection  by  B.  tuberculosis.  Further,  in  all  the  three  cases, 
examination  of  either  “ smear  ” preparations  from  the  nodules  of  granulo- 
matous tissue  or  of  sections  prepared  in  the  ordinary  way  Avill  shew  rod- 
segments  which  stain  by  the  Ziehl-Neelsen  method — the  specific  differentia- 
tion of  the  nature  of  the  three  infections  can,  in  fact,  only  be  effected  by 
the  isolation  of  the  parasite  concerned,  and  the  study  of  its  cultural 
characteristics.  With  S.  nocardii,  in  particular,  experimental  infection  of 
the  subcutaneous  tissue  is  folloAved  by  an  abscess  at  the  site  of  inocula- 
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tiou,  with  a progressive  infection  of  the  lymphatics  leading  from  the  spot 
and  of  the  glands  into  which  the  lymphatics  pass ; but  according  to 
Xocard  the  general  course  of  infection  is  slower  in  the  circumstances 
than  would  be  the  case  with  B.  iuberculosis. 

Whilst  there  is  this  obvious  similarity  in  the  pathogenetic  action  of 
B.  tuberculosis  and  the  two  acid-fast  streptotrichem  under  experimental  con- 
ditions, the  number  of  recorded  cases  of  streptotrichosis  in  man  from 
which  acid-fast  organisms  have  been  isolated  is  still  so  small  that  it 
would  be  unprofitiible  to  attempt  any  comparison  between  them,  as  apart 
from  cases  of  streptotrichosis  generally,  and  the  different  forms  of  tuber- 
culosis. The  following,  however,  may  be  mentioned  amongst  cases  of 
infection  due  to  this  particular  group  of  streptotriche®  as  illustrative  of 
the  lesions  which  may  occur. 

Eppinger’s  patient,  a glass-polisher  aged  fifty-two  years,  was  admitted  into 
hospital  with  a diagnosis  of  meningitis.  After  death  the  following  lesions  were 
found  : a “ pseudo-tuberculosis  ” of  the  lungs  and  pleurae,  with  old  caseous  nodules 
in  the  apices  and  calcareous  degeneration  of  the  bronchial  and  supra-clavicular 
glands,  together  with  a cerebral  abscess  which  had  ruptured  into  the  ventricles. 
S.  eppingeri  was  isolated  from  the  lesions.  Aoyama  and  Miyamoto  isolated 
what  was  apparently  the  same  streptothrix  from  the  sputum  and  from  the 
pus  found  in  cavities  in  the  lung  in  a case  which  is  described  as  having 
been  clinically  bke  that  of  Eppinger’s.  Major  Birt  and  Col.  Leishman  have 
recorded  a case  in  which  small  nodules  were  found  in  the  lung,  with  an 
empyema  and  pericarditis.  The  organism  isolated  from  the  lesions  was  an 
acid-fast  streptothrix  which  the  writers  think  could  be  differentiated  from 
EppingeBs  streptothrix  in  certain  details  of  its  cultural  characteristics,  although 
the  general  resemblance  was  marked.  In  Dr.  Stuart  M'Donald’s  case  there 
were  miliary  nodules,  some  of  which  had  a caseous  appearance,  in  both  lungs, 
and  numerous  small  abscesses  in  the  kidneys  and  in  the  cerebrum.  Dr. 
^1‘Donald,  after  a careful  comparison  of  the  cultural  characteristics  of  the  acid- 
fast  organism  isolated  from  his  case  and  that  obtained  from  Eppinger’s  case, 
came  to  the  conclusion  that  the  two  were  identical.  Ferre  and  Faguet,  and 
ilacCallum  have  also  isolated  streptotrichem,  which  they  described  as  resembling 
Eppinger’s  species,  although  no  mention  is  made  of  acid-fast  properties  : Ferre 
and  Faguet’s  case  was  one  of  cerebral  abscesses  in  the  centrum  ovale,  and 
ilacCallum’s  one  of  a child  with  peritonitis,  fatal  some  three  weeks  after 
gastrostomy  for  the  relief  of  a simple  stricture  of  the  (Esophagus.  The  strepto- 
thri.x  described  by  Sabrazes  and  Riviere  was  isolated  from  two  cases,  in  one  of 
which  there  was  a cerebral  abscess  and  a suppurating  infarct  in  one  kidney,  in 
the  other,  bronchopneumonia  and  multiple  small  abscesses  in  the  subcutaneous 
tissue.  Scheele  and  Petruschky  have  recorded  a case  of  bronchopneumonia  with 
subcutaneous  abscesses  in  various  parts  of  the  body.  An  acid-fast  streptothrix 
was  identified  microscopically  in  the  sputum,  and  a streptothrix  was  isolated 
from  the  pu.s  of  the  subcutaneous  ajjscesses,  but  no  details  are  given  by  which 
the  species  am  be  identified. 

Plexner  has  recorded  a case  of  “ pseudo-tuberculosis  ” in  a man  aged  seventy 
years;  “the  symptoms  were  broadly  those  of  pulmonary  tuberculosis,”  and 
after  death  gros.s  changes  in  the  lungs,  including  consolidation,  e.\c«lvation,  and 
caseous  and  calcified  nodul(^,  such  as  would  usually  be  considered  indicative  ol 
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the  condition  diagnosed  during  life,  were  found.  Microscopical  examination, 
however,  shewed  the  presence  of  an  acid-fast  streptothrix  in  the  lesions,  but  no 
cultures  ot  the  organism  could  be  obtained.  The  negative  result  of  inoculation 
of  a guinea-pig  proved  the  absence  of  B.  tuberculosis. 

The  close  similarity  in  the  pathogenetic  action  of  some  of  the 
strcptotricheae  and  B.  tuberculosis  naturally  results  in  a similarity  in  the 
clinical  course  of  the  several  infections ; this  is  more  particularly 
noticeable  in,  but  not  by  any  means  confined  to,  cases  of  primary 
pulmonary  disease.  In  fact  it  may  be  said  that  the  anatomical  conditions, 
upon  which  the  production  of  the  physical  signs  diagnostic  of  pulmonary 
disease  depends,  are  identical  in  many  cases  of  streptotrichosis  and  tuber- 
culosis, while  there  are  no  distinctive  symptoms  which  will  assist  iti 
differentiation.  Under  certain  conditions  the  perforative  tendency  in 
pulmonaiy  streptotrichosis  may  afford  a valuable  clue : thus  Sir  Richard 
Douglas-Powell  wi'ites,  “Closely  allied  in  intimate  pathology  to  tuber- 
culosis, actinomycosis  differs  strikingly  in  one  important  feature  of  its 
clinical  pathology — viz.  its  disposition  to  invasion  beyond  the  bounds 
of  the  organ  first  attacked,  across  country,  so  to  speak,  through  adjacent 
tissues  to  other  parts  or  organs  ” (cf.  p.  335). 

The  diagnosis  between  pulmonary  streptotrichosis  and  tubercidosis  will 
therefore  often,  and  especially  in  early  cases,  depend  upon  the  identifica- 
tion of  the  causative  parasite  in  the  sputum.  Should  the  infecting 
parasite  be  a streptothrix  not  possessed  of  acid-fast  properties,  it  will 
probably  l)e  readily  recognised  as  such ; and  the  results  of  the  experi- 
mental inoculation  of  animals,  if  need  be,  will  serve  to  eliminate  the 
possibility  of  any  tuberculous  infection.  But,  on  the  other  hand,  if  the 
infecting  streptothrix  be  one  of  the  acid-fast  group,  the  difficulty  of 
diagnosis  between  the  condition  and  what  is  recognised  as  j^ulmonary 
tuberculosis  by  bacteriological  methods  may  be  considerable  ; in  fact  it 
is  probable  that  in  a large  majority  of  such  cases  no  such  differential 
diagnosis  will  be  made,  in  an  early  stage  of  the  disease  at  any  rate. 
Microscopic  examination  of  the  sputum  after  staining  by  the  Ziehl- 
Neelsen  method  will  almost  certainly  fail  to  establish  the  diagnosis 
between  the  two  conditions.  And  if  recourse  is  taken  to  experimental 
inoculation  of  guinea-pigs  the  anatomical  lesions  in  the  two  cases  may  be 
indistinguishable,  so  that  it  will  be  only  by  isolation  of  the  parasite  in 
pure  culture  from  the  lesions  of  the  infected  animal  that  the  nature  of 
the  infection  will  be  established. 

In  conclusion,  it  may  be  pointed  oxxt  that  should  a more  exact 
knowledge  of  the  biology  of  what  is  now  recognised  as  B.  tuberculosis 
support  the  contention  as  to  its  botanical  position  amongst  the  strepto- 
trichese,  there  Avill  still  remain  the  difficulty  which  has  arisen  in  the 
minds  of  some  with  regard  to  accepting  the  various  phenomena  of  disease 
which,  as  they  occur  under  different  conditions  in  man  and  lower  animals, 
are  recognised  under  the  name  of  tuberculosis  and  as  being  the  results 
in  every  case  of  infection  by  the  same  species  of  parasite.  Increased 
biological  knowledge  of  a kind  which  would  enable  us  to  settle  definitely 
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the  botanical  position  of  i>.  tuberculosis  would,  however,  also  probably 
decide  the  question  as  to  the  unity  of  tuberculous  infection. 

It  has  not  been  possible  in  this  article  to  consider  the  relationship  of 
various  other  acid-fast  reputed  bacillaceie  to  7>'.  tuberculosis  on  the  one 
hand  and  to  the  streptotricheie  on  the  other  3 and  for  information  on  this 
matter,  which  has  an  intimate  bearing  on  the  question  which  has  been 
under  discussion,  the  reader  may  be  referred  esi)ecially  to  the  papers  by 
Moeller  and  by  Abbott  and  Gildersleeve. 

Alexander  G.  E.  Foulerton. 
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ACTINOMYCOSIS 

( Streptotrichosis) 

Bj  T.  D.  Acland,  M.D. 


Actinomycosis  (d/<Tts  a ray,  hvktjs  a fungus)  is  the  name  given,  on  the 
authority  of  the  botanist  Harz,  to  a chronic  infective  disease  which 
occurs  in  cattle.  The  parasitic  nature  of  the  disease  was  first  ^ fully 
recognised  and  its  specific  characters  described  by  Bollinger  (15).  The 
name  was  deiived  from  the  characteristic  appearance  of  a micro-parasite 

1 Although  the  credit  belongs  to  Bollinger  of  first  securing  general  attention  to  the  true 
nature  of  the  parasite,  and  of  shewing  it  to  be  the  cause  of  various  diseases  believed  to  be 
dissimilar  many  observers  had  previously  recognised  it  in  the  tumoui-s  ol  cattle,  some  such 
4"l-Iahn  (16),  Perroneito,  and  Rivolta  (135),  had  .suspected  its  vegetable  ongin  iind 
V.  Langenbeck  (71)  bad  not  only  detected  it,  but  described  it  a*s  a fungus  more  than  thirty 
years  previously.  See  historical  summary. 
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which  was  found  in  the  aftected  tissues.  J.  Israel  (71)  applied  the  same 
name  to  a morbid  condition  which  he  first  described  as  a specific  disease 
in  man,  without  asserting  that  it  was  identical  with  that  which  had 
been  found  in  cattle. 

Both  iji  man  and  in  cattle  the  disease  presents  the  same  general 
symptoms,  viz.  chronic  inflammation  v\dth  the  formation  of  granulomatous 
tumours,  which  tend  to  undergo  suppuration,  fibrosis,  or  calcification. 
It  wjis  at  first  supposed  that  the  parasite  was  the  same  in  all  cases, 
whetlier  in  man  or  in  cattle.  Variations  in  structure  were  found,  but 
they  were  attributed  to  variations  in  growth  rather  than  to  the  presence 
of  difterent  species  of  similar  organisms,  as  has  been  established  by 
more  recent  investigations.  It  is  now  recognised  that  the  term  actino- 
mycosis might  equally  well  be  applied  to  a considerable  number  of 
aftections  caused  bj^  similar,  but  not  identical,  organisms  which  belong  to 
the  group  streptothrix  (p.  302).  It  is  probable  that  the  patho- 
logical changes  which  J.  Israel  first  described  as  actinomycosis  in  man 
were  not,  as  generally  assumed,  caused  by  identically  the  same  parasite 
as  that  which  had  been  investigated  by  BoUinger  in  cattle.  The  re- 
lationship of  these  various  organisms  which  have  been  found  in  cases 
recorded  as  actinomycosis  has  been  discussed  by  Mr.  Foulerton  (p.  302). 

History. — Up  to  the  year  1876  the  true  nature  of  actinomycosis  had, 
with  rare  exceptions,  been  overlooked ; cases  in  cattle  were  known  under 
a variety  of  names,  such  as  wens,  scrofidous  or  tubercular  tumours, 
osteo- sarcoma,  spina  ventosa,  and  many  others ; and  the  positions  in 
which  the  local  affection  was  more  commonly  found  were  indicated  by 
such  names  as  wooden,  scirrhous,  indurated,  or  ulcerated  tongue ; polypus 
or  Ivmphoma  of  the  throat. 

It  is  probable,  however,  that  actinomycosis  is  not  a new  disease  in 
man.  As  long  ago  as  1845,  v.  Langenbeck  made  drawings  of  some  bodies 
found  in  pus  from  a case  of  caries  of  the  vertebrae.  The  notes  and 
drawings  were  published  by  Israel  (71)  more  than  thirty  years  later,  and 
there  can  be  no  doubt  that  the  case  was  one  of  actinomycosis.  A 
parallel  to  this  has  occurred  in  England.  In  1896  Ur.  Kanthack  (80a) 
published  some  drawings,  reproduced  from  notes  made  by  Sir  T.  Smith, 
about  the  year  1855,  on  an  obscure  case  of  tumour  of  the  upper  jaw, 
which  had  been  under  the  care  of  Sir  James  Paget.  The  drawings 
represent  an  organism  closely  resembling  a ray-fungus  ; the  case  probablj' 
was  one  of  actinomycosis  bovis.^ 

' In  PlaU;  I.  in  “the  Third  Faaciciilu.s  of  Anatomiunl' Dramngs  selected  from  the 
collection  of  3Iorbid  Anatomy  in  the  Army  Medical  Museum  at  Chatham,”  London,  1S38,  a 
series  of  drawings  i.s  given  representing  “ a species  of  organic  disease  of  the  liver  of  an  obscure 
kind,  and,  as  it  is  believed,  not  yet  described.”  Figures  1,  2,  and  3 shew  dilTerent  “portions 
of  the  same  liver  containing  numerous  well-ilefined  excavations,  probably  formed  by  the 
softening  and  Vn’eaking  down  of  a peculiiir  tubercular  imitter.”  Figures  -1,  5,  and  G jiresent 
more  or  less  similar  appearances,  but  there  is  nothing  in  the  drawings  or  in  the  tlescri|>tion 
to  indic.ate  what  the  true  nature  of  the  dise.ase  is,  and  aUhough  it  is  possible  that  tlicy  may 
have  lieen  actinomycosis  there  is  no  suggestion  made  that  they  were  of  pariusitic  origin,  nor 
is  there  any  drawing  given  of  the  microscopical  ajipearances  of  the  contents  of  the  scattered 
foci  of  di.sease. 
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In  1848  (86)  Lebert  made  drawings  of  some  minute  spherical  bodies 
which  were  found  in  the  thick  gelatinous  pus  obtained  from  a case  of 
thoracic  abscess  under  the  care  of  Louis.  The  drawings  are  excellent 
and  unmistakable.  The  minute  bodies,  as  large  as  a pin’s  head,  yellow, 
Avith  a tinge  of  green,  are  descrilDcd  as  “ corps  particuliers  trouv6s 
dans  du  pus,”  without  any  definite  indication  of  their  nature  or 
origin.  As  the  result  of  a microscopical  and  chemical  examina- 
tion, Lebert  arrived  at  the  conclusion  that,  being  neither  albuminous 
nor  fatty  bodies,  they  might  be  the  remains  of  some  parasitic  Avorm, 
and  that  the  radiating,  Avedge-shaped  bodies  might  possibly  be  book- 
lets, though  he  AA'as  unable  to  detect  any  traces  of  echinococci  oi- 
cysticerci. 

In  1868  Rivolta  (135)  described  some  short,  rod -like  bodies,  re- 
sembling those  of  the  retina,  which  he  had  found  in  pus  from  a tumour 
of  the  loAver  jaAv  of  an  ox. 

In  1871  Robin  (137)  described  and  figured  some  yellowish  grains  which 
he  had  found  in  tAvo  or  three  cases  of  chronic  abscess ; he  does  not  give 
any  clinical  history  of  the  cases  from  which  the  pus  AA^as  obtained,  but 
describes  the  masses  as  being  composed  of  minute  elements  sAvollen  at 
one  end,  tapering  at  the  other,  and  radiating  from  a common  centre 
Avhich  consisted  of  granular  matter. 

In  the  folloAving  year  Heller  (59)  had  under  observation  a case  which 
he  published  later  as  one  of  “ Actinomycosis,  running  the  course  of  an 
acute  infectious  disease  ” ; he  made  some  draAvings  at  the  time,  Avhicli 
doubtless  Avere  taken  from  colonies  of  actinomyces. 

In  1875  Perroncito  described  the  appearance  of  the  micro-organism 
in  a case  of  so-called  osteo-sarcoma  of  the  jaAv,  in  an  ox.  He  suspected 
that  it  might  be  cryptogamic,  and  this  suspicion  Avas  subsequently 
confirmed  by  Rivolta  (135). 

None  of  these  observers,  liOAveA’^er,  proved  conclusively  the  true  nature 
of  the  cases  Avhich  they  described. 

In  1876  Bollinger  (15)  threAV  an  entirely  neAv  light  on  the  subject 
by  the  accurate  description  and  identification  of  a characteristic  micro- 
organism, Avhich  has  given  the  name  to  the  disease.  His  investigations 
applied  only  to  cattle,  but  in  the  folloAving  year  J.  Israel  (/I)  described 
a similar  affection  in  man,  and  in  1879  Ponfick  (127,  129)  brought 
forward  strong  evidence  to  prove  the  identity  of  the  disease  in  man  Avith 
that  Avhich  had  been  found  in  cattle. 

It  is  noAV  generally  admitted  that  there  are  many  forms  of  actino- 
mycosis, and  that  some  of  them  are  found  both  in  man  and  in  cattle, 
although  no  causal  relationship  has  been  definitely  traced  between  them. 
Since  the  publication  of  Israel’s  paper  a large  number  of  cases  haA'e  been 
reported  in  almost  every  part  of  the  knoAAm  Avorld,  and  the  disease  has 
been  found  to  affect  horses,  dogs  (7),  pigs  (154,  61),  antelopes  (13),  and 
elephants  (30),  as  Avell  as  man  and  cattle.  Illich  (67)  in  1892  gave 
references  to  421  cases  in  man,  and  Prof.  Leith  (88)  in  1894  gave  tabular 
statements  of  nearly  450  collected  from  the  same  sources,  AAdiilst  Riihrah 
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(140)  in  1899  had  collected  no  less  than  C28^  cases,  so  that  the  disease 
cannot  now  be  regarded  as  rare,  whatever  it  may  have  been  in  the  past. 

The  first  case  of  actinomycosis  in  this  country  in  which  the  nature  of 
disease  was  rendered  certain  by  the  demonstration  of  the  micro-parasite 
in  the  affected  tissues  was  admitted  into  St.  Thomas’s  Hospital  on 
October  1,  1884  (55).  By  employing  Gram’s  method  of  staining  I 
was  enabled  (1)  to  shew  the  thread  form  of  the  streptothrix,  the  signifi- 
cance of  which  has  been  so  fully  admitted  by  subsequent  observers.- 

Up  to  this  date  the  streptothrix  form  had  not  been  fully  recognised, 
since  neither  Prof.  Israel  nor  Prof.  Koch,  to  whom  the  specimens  were 
shewn,  considered  that  they  were  the  same  organism  as  that  which  had 
been  described  by  Israel.  In  connexion  with  Mr.  W.  K.  Treves’  case, 
mentioned  below,  it  is  of  historical  interest  that  Prof.  Koch  shewed 
the  wi'iter  some  sections  of  a tumour,  sent  to  him  for  examination  as  a 
sarcoma,  by  VirchoAV,  Avhich  contained  long  thread-like  micro-organisms, 
the  natime  of  w^hich  had  not  been  determined.  Previous  to  this,  a case 
had  been  published  as  one  of  actinomycosis  by  Mr.  W.  Knight  Treves ; 
his  surmise  Avas  probably  correct,  and  appears  to  be  justified  by  the 
photograph  of  the  patient  Avhich  he  published.  This  vieAv  was,  however, 
rejected  by  Mr.  (now  Sir)  F.  Treves,  who  shewed  the  specimens  at  the 
Pathological  Society.  Mr.  W.  Knight  Treves  considered  that  the  lesions 
were  not  scrofulous,  nor  due  to  any  growth  with  which  he  was 
acquainted.  He  found  minute  yellowish  masses  in  the  pus,  but  he 
informs  me  that  he  has  no  record  of  the  microscopical  appearances  of 
these  bodies,  Avhich  he  believed  to  resemble  “ the  ordinary  rosette  found 
in  cattle.”  ^ Since  this  date  a considerable  number  of  cases  have  occurred 
in  this  country;  and  with  Dr.  Hichens’  help  I have  collected  109  from 
various  sources. 

Pathological  Anatomy. — The  naked-eye  appearances  of  an  organ  or 
tissue  affected  Avith  actinomycosis  vary  greatly  according  to  the  part 
diseased,  the  acute  or  chronic  character  of  the  process,  and,  probably,  its 
greater  or  less  contamination  Avith  pyogenetic  organisms.  In  some  tissues 
the  appearances  differ  but  little  from  those  of  chronic  inflammation  ; 
in  others,  such  as  in  the  liA'er  or  skin,  they  are  often  characteristic ; in 

' In  1899  the  total  of  all  the  tabulated  cases  reached  1094,  but  Riihrah  rejects  400  ot 
them  as  being  probably  counted  twice. 

® Compare  plates  in  the  Tmnsaciions  of  the  Pathological  Society,  London,  1886,  with 
those  of  Bostrbm  (21). 

* Tills  ca.se  was  shesvn  at  the  Pathological  Society  (London),  in  January  1884,  by 
.Sir  F.  Treves,  as  a case  of  actinomycosis,  although  “no  fungus  had  been  found  in  the  dis- 
charges,” and  the  “ mlphur-coloured  bodies  of  the  consistence  of  cheese  ” "proved  on  examina- 
tion to  he  made  up  of  small  masses  of  necrosed  tissue."  In  May  of  the  same  year  an  account 
was  given  of  the  patient’s  autopsy  and  of  the  jiathological  anatomy  of  the  case.  It  w.as 
then  called  “a  case  of  supposed  actinomycosis,”  though  Sir  F.  Treves  linally  concluded  that 
it  was  a case  of  “alveolar  sarcoma.”  .Air.  Watson  Cheyne,  to  whom  the  specimens  \yere 
submitted,  failed  to  discover  any  micro-organism,  and  inclined  to  the  belief  that  the  lesions 
were  carcinornaton.s  ; .Air.  Marcus  Beck  and  .Mr.  K.  J.  fJodlee  made  a Inrlher  report  on  the 
microscopical  aiipearances  of  the  tumours  and  classified  them  as  probably  ‘‘  large-celled 
sarcoma.”  Tliey  did  not  find  “anything  resembling  the  fungus  characteristic  of  actino- 
mycosis. 
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Others  again,  notably  in  the  lungs,  the  lesions  have  been  fi'eqnentlv 
mistaken  for  tubercle.  ^ ^ 


Fio.  5, — Section  of  liver  aifectefl  with  actinomycosis.  From  a photograpli  of  specimen  No.  ISIS  in  the 
St.  Thomas’s  Hospital  Museum.  In  the  plate  the  ilbrous  .stroma  is  brought  into  greater  pro- 
minence than  was  the  case  in  the  fresli  state,  partly  betjause  the  specimen  was  prescrvetl  in  spirit, 
and  partly  because  the  contents  have  fallen  out  of  many  of  the  spaces  into  whicli  the  mass  is 
divided. 


The  illustration  (Fig.  5),  taken  from  a specimen  in  the  St. 
Thomas’s  Hospital  Museum,^  gives  a very  complete  picture  of  a typical 

’ For  i)eniii.ssion  to  talie  this  pliotograph  I am  indebted  to  tlie  lcindne.ss  of  Mr.  S.  G. 
Shattook.  See  also  Rl.  7'hovuis’s  Ilospital  Reports.  1885,  p.  235.  and  compare  Dr.  Harley’.s 
drawing  in  Med.-Qhir.  Trans.  1886,  p.  156. 
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case  of  the  disease  in  the  liver.  Tliis  organ,  Avhen  aflected,  is  tlie  seat  of 
scattered  foci  of  suppuration,  many  of  which  may  be  aggregated  into 
spheroidal  masses,  with  outlying  centres  of  inflammation.  The  larger 
masses  are  composed  of  an  alveolar  framework  of  filirous  tissue,  the 
meshes  of  which  are  filled  with  inflammatoiy  products,  and  in  the  centre 
of  these  are  embedded  the  characteristic  minute  yellow  grains  which  are 
largely  composed  of  the  infective  micro-organism. 

The  individual  foci  of  inflammation  vary  much  in  size,  from  that  of  a 
pin’s  head  to  a minute  point,  but  do  not,  as  a rule,  attain  to  any  consider- 
able dimensions.  Their  fundamental  shape  is  spherical,  but  by  pressure 
or  contraction  of  surrounding  parts  they  may  be  distorted  to  any  form. 
Their  Avails,  Avhich  are  composed  of  fibrous  tissue,  in  parts  often  deejjly 
pigmented,  are  of  A'arying  thickness — the  more  chronic  the  inflammatory 
process,  the  thicker  the  walls.  When  the  contents  of  this  fibrous  stroma 
are  removed,  a spongy  mass,  having  a peculiarly  Avorm-eaten  appearance, 
is  left. 

In  the  lungs  the  lesions  have  a much  less  characteristic  appearance. 
In  some  cases  there  is  merely  an  acute  primary  bronchitis,  Avith  no  sign 
of  the  reticular  formation  described  in  the  liA^er  (88).  In  others  the 
tissue  of  the  lung  may  be  studded  with  grey  nodules  the  size  of  a hemp 
seed,  which,  to  the  naked  eye,  resemble  tuberculous  nodules  (131).^  On 
the  other  hand,  parts  of  the  organ  may  be  converted  into  tough,  fibrous 
material,  Avith  an  irregular  interlobular  distribution,  enclosing  here  and 
there  canar}"^  coloured  pultaceous  masses.  In  a third  class  of  cases  there 
is  diffuse  bronchopneumonia  Avith  some  interstitial  thickening,  and  a 
tendency  to  the  formation  of  small  abscesses  and  cavities.  The  general 
tendency  of  the  disease  in  the  lungs,  as  in  other  organs,  is  to  spread  in 
one  direction  and  to  disregard  those  anatomical  boundaries  which  so 
often  prove  a barrier  to  the  extension  of  tuberculous  lesions  (cf.  p.  3^5). 
It  is  comparatively  rare  for  tuberculous  processes  to  pass  directly  from 
one  lobe  of  the  lung  to  another,  or  to  perforate  the  chest-Avall  by  direct 
spread  of  the  inflammation.  But  this  distinction  between  actinomycotic 
and  tuberculous  lesions  is  rather  one  of  degree  than  of  absolute  dissimi- 
larity, since  I haA'e  seen  several  cases  of  tuberculous  pulmonary  lesions 
Avhich  have  penetrated  the  chest-Avall,  and  in  the  absence  of  the  charac- 
teristic organism  it  cannot  be  relied  on  with  certainty  to  substantiate  the 
clinical  diagnosis  of  any  particular  case.  If  the  case  be  chronic  a track  of 
cicatrising  fibrous  tissue  is  left  behind  as  the  inflammation  spreads.  If 
the  process  be  acute,  or  if  pyogenetic  organisms  be  present,  there  is  a 
tendency  to  the  formation  of  abscesses,  Avitli  little  evidence  of  cicatrisa- 
tion (22). 

Actinomycosis  of  the  y.;ZeMra  may  give  rise  to  miliary  nodules  (”(>), 
chronic  fibrous  thickening  Avith  adhesions,  serous  effusion  (26),  or 
empyema.  The  precise  pathological  changes  being  determined  by  the 
relative  acuteness  of  the  affection  rather  than  by  changes  Avhich  arc 
peculiar  to  this  particular  organism. 

' Kor  illastratioiiD  of  Pulmonary  Actinomycosis,  see  89,  182,  05,  103. 
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The  lesions  in  the  skm  (14,  19a,  3i>,  150)  are  remarkable,  and 
have  l)cen  fully  described  by  Dr.  Pringle.  The  following  descrip- 
tion is  taken  from  a case  under  his  care.  On  the  child’s  back 
there  were  livid,  fleshy,  sarcomatous -looking  outgi’owths  of  mottled 
purplish-red  and  yellow  colour,  varying  in  size  from  that  of  a split  pea 
to  a prominent  bossy  mass,  rising  abruptly  to  more  than  inch  above 
the  level  of  the  surrounding  skin,  and  measuring  4 inches  by  1 inch.  To 
the  touch  the  growths  were  soft,  pulpy,  fluctuating,  and  not  tender.  The 
skin  over  them  was  thinned,  glistening,  and  semi-transparent.  Every 
growth  presented  one  or  more  crateriform,  ulcerative  openings,  from 
which  a clear,  rather  sticky  fluid  exuded  in  large  quantities.  In  some  of 
the  larger  tumours  the  ulcerative  openings  coalesced,  forming  superficial 
discharging  sores,  differing  entirely  from  the  hard-edged,  punched-out, 
ragged  ulcers  which  result  from  the  breaking  down  of  syphilitic  or 
tuberculous  masses.^ 

The  naked-eye  appearances  of  lesions  in  other  parts  of  the  body  need 
not  be  further  particularised.  Those  in  the  hrain  and  spinal  cord  have 
been  fully  described  by  Prof.  Del6pine  (43),  C.  H.  Martin,  Chiari,  Howard, 
and  Delore,  and  those  found  in  the  digestive  trad  by  Prof.  Leith  (90),  van 
der  Veer,  and  others  (29),  while  records  of  numerous  cases  will  be  found 
in  the  writings  of  Ponfick,  Israel,  and  Bostrom ; brief  summaries  of  a 
large  number  of  cases  are  also  given  by  Illich. 

The  pus  in  most  cases  is  characteristic ; it  varies  in  consistency  but 
is  apt  to  be  viscid,  and  to  contain  numerous  minute  specks.  These 
granules,  which  consist  of  the  micro-organisms  embedded  in  a layer  of 
pus -cells,  are  yellow  or  brownish  by  reflected,  and  often  greenish  by 
transmitted  light.  Under  a lens,  they  look  like  minute  raspberries, 
being  more  or  less  spherical,  and  with  a coarselj'^  granular  surface.  Unless 
these  characteristic  masses  arc  present  in  the  pus  or  tissue  the  diagnosis 
of  the  disease  is  often  impossible,  and  becomes  a matter  of  surmise  rather 
than  of  logical  deduction. 

If  teased  up  in  0'75  per  cent  salt  solution,  and  examined  without 
staining,  these  granules  may  be  found  to  consist  of  two  or  more  of  the 
following  components : — (a)  inflammatory  cells,  (b)  filaments,  (c)  bulbous 
or  club-shaped,  highly  refracting  bodies,  (d)  cocci.  Either  of  the  last 
two  may  be  absent.  In  man  filaments  alone  have  sometimes  been  found, 
in  cattle  the  club-shaped  bodies  most  frequently  occur ; both  in  man  and 
in  cattle  (in  lesions  which  have  been  open  to  the  air)  pyogenetic  bacteria 
are  as  a rule  present  in  varying  numbers.  The  micro-organisms  can  be 
recognised  under  comparatively  low  magnifying  powers  (for  example, 
Zeiss,  01)] . D.  Oc.  2,  with  a small  stop),  but  it  is  preferable  to  use  a ^ 
oil  immersion,  and  to  stain  the  specimens. 

Minute  Structure. — On  section,  a mature  actinomycotic  follicle  under 
a moderate!}'  high  magnifying  power  ^ is  seen  to  consist  (a)  of  a central 

^ For  illustrations  of  Actinomycosis  invading  the  skin,  see  9,  32,  41,  68,  84,  108,  133, 
150. 

- Sections  of  the  affected  tissues  can  best  be  examined  after  having  been  hardened  in 
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core  of  irregularly  distributed  filaments,  cocci  in  varying  numbers,  and 
in  the  older  growths  amorphous  degenerative  products.  External  to 
this  core  is  (6)  a ring  of  regularly  arranged  filaments  radiating  from  a 
common  centre.  Surrounding  this,  again,  there  is  (c)  another  ring  more 
or  less  complete,  consisting  of  club-shaped  bodies  through  which  bundles 
of  radiating  filaments  from  the  inner  zone  are  often  seen  to  project. 
External  to  the  clubs  is  {d)  an  envelope  of  inflammatory  cells,  amongst 
which  there  may  be  giant-eells,  in  some  instances  containing  portions  of 
the  fungus  within  them.  In  certain  positions,  as  in  the  liver,  the  inflam- 
matory cells  are  again  surrounded  by  a framework  of  fibrous  tissue,  and 
this  it  is  that  gives  to  some  actinomycotic  lesions  the  remarkable  honey- 
combed appearance  seen  so  well  in  Fig.  5. 

The  relative  proportion  of  filaments,  clubs,  and  “spores”  varies 
greatly  in  different  cases  and  in  different  species  of  organism  present  (for 
further  details  as  to  these  points  see  Biological  Position,  and  p.  315  sej., 
also  cf.  Adami  (4).  Thus,  in  cattle  a rosette  of  clubs  is  frequently  present 
Avithout  threads,  and  in  the  young  rapidly  groAving  colonies  in  man,  the 
threads  may  be  found  Avithout  clubs,  but  in  man  both  threads  and  clubs 
are  often  present  when  the  groAvth  of  the  fungus  is  active.  The  micro- 
scopical appearances  of  the  organism  are  specified  in  47  of  the  British 
cases.  The  thread  form  is  stated  to  have  been  found  in  34,  and  clubs  in 
24;  in  11  cases  both  threads  and  clubs  were  present. 

Anatomical  Distribution. — ^Actinomycosis  may  attack  any  organ  or 
tissue  of  the  body,  though,  as  might  be  expected,  the  parts  most  exposed 
to  contact  AArith  the  external  air  are  found  to  be  the  most  vulnerable. 
Most  of  those  who  have  collected  any  considerable  number  of  cases  of  the 
disease  agi’ee  that  the  primarji  or,  at  any  rate,  the  maximum  seat  of 
the  disease  is  foimd  in  the  head  and  neck  in  more  than  half  the  recorded 
cases,  and  that  next  in  numerical  order  the  digestive  tract  and  abdominal 
Auscera  are  most  frecjuently  attacked.  E,iihrah  (140)  gives  the  following 
numbers,  eliminating  certain  figiures  for  the  sake  of  accuracy. 


Situation  of  Lesion. 

No.  of  Cases. 

Per  cent. 

Head  and  neck 

359 

57 

Digestive  tract  and  abdominal 
viscera  .... 

132 

21 

Thoracic  viscera  . 

92 

14-5 

Skin  ..... 

IG 

2-5 

Doubtful  . ■ . 

33 

5 

Total  . 

G32 

abflolate  alcohol,  ami  embedded  in  celloidin  or  in  parafliii.  The  threads  and  cocci  are  best 
stained  by  Gram’s  or  Lei.shman’s  methods,  the  clubs  with  orceine  or  orange  rubin.  In 
lesions  which  have  undergone  calcareous  or  fatty  <iegeneration,  the  structure  of  the  organism 
frequently  cannot  be  demonstrated  withoiit  previous  treatment  with  dilute  hydrochloric  acid 
and  alcohol.  Kor  fuller  details  see  bibliography  (19,  '23,  41,  153).  I'or  the  microscopic 
appearances  of  actinomyces  reference  may  be  inaile  to  the  following  i)lntes,  see  bibliography 
(1.  24,  38,  40,  104,  11,5,  150). 
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The  relative  incidence  of  the  disease  in  the  cases  collected  by  Illich 
(421  cases)  and  Prof.  Leith  (88)  (393  cases)  is  practically  the  same.  Duvau 
(123)  gives  rather  different  numbers,  which  are  of  interest  as  shewng 
that  the  disease  is  not  very  rare  in  positions  or  organs  which  have  been 
supjjosed  to  bo  unusual,  e.cj.  the  brain,  spinal  cord,  and  generative  organs. 
.Amongst  257  cases  he  found  the  following  distribution  of  the  lesions, 
more  than  one  organ  being  attacked  in  some  of  the  cases. 


Abdomen  (excluding  liver)  • ....  84 

Face  and  neck  70 

Thorax  (lungs  and  pleura)  .....  65 

Liver . . 49 

Central  nervous  system  . . . . 19 

Generative  organs . . . . . 19 

CEsophagus  .......  7 


In  109  cases  recoi'ded  in  the  United  Kingdom  between  the  years 
1884  and  1906,  actinomycotic  lesions  have  been  found  in  one  or  more 
organs  or  tissues  of  the  body  Avith  the  following  relative  frequency : — 

Total. 

Abdomen. — Liver,  .32  ; gall-bladder,  1 ; appendix  and  neighbourhood. 


8 ; rectum,  1 ; kidney,  5 ; bladder,  1 ; prostate,  1 • testicle,  1 ; ovary, 

1 ; spleen,  3 ; abdomen  other  than  above,  14  . . . .68 

Face,  Neck,  Tongue,  and  Neighbouring  Parts. — Skin,  4 ; tonsil,  2 ; 
larynx,  1 ; orbit,  1 . . . . . . .50 

Chest. — Lung,  pleura,  and  chest- wall  . . . .29 

Brain  and  Spinal  Cord  ....  . . 5 

Acute  General  .......  9 


In  33  of  the  above  cases  two  or  more  organs  were  affected  simultaneously. 

The  less  usual  seats  of  the  disease  seem  to  be  the  heart  and  medias- 
tinum (144),  the  extremities  (18),  the  spleen  (129),  kidneys  (101),  ear 
(121),  and  larynx  (3,  107). 

Bare  instances  have  been  recorded  in  Avhich  the  primary  seat  of  the 
disease  is  believed  to  have  been  in  such  parts  as  the  central  nervous 
system  (17,  35,  66),  the  reproductive  system  (36,  51,  138),^  and  the 
orbit,^  but  it  is  obA'ious  that  in  some  of  these  cases  the  organism  must 
have  found  entrance  into  the  body  at  some  distant  jAoint,  and  that  the 
seat  of  maximum  disease,  rather  than  the  point  of  inoculation,  was 
discovered. 

Age  and  Sex. — Of  405  cases  recorded  by  Prof.  Leith,  of  which  the  sex 
is  known,  295  Avere  males  and  110  females,  so  that  it  Avould  appear  that 
the  disease  is  far  more  common  in  men  than  in  Avomen.  In  101  of  the 
British  cases  in  Avhich  the  sex  was  given,  65  Avere  males,  and  36  females. 
The  age  at  Avhich  the  disease  occurred  is  given  in  84  cases : the  youngest 

^ See  System  of  Oynieeoluyy,  pp.  470  (ovary),  495  (tube),  679  (vulva). 

^ Communicated  by  Dr.  W.  B.  Ransom,  of  Nottingham.  See  also  tAvo  cases  of  ocular 
actinomycosis,  Centralhl.  f.  Pathologic,  Jan.  16,  1895. 
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of  them  was  5 j’ears,  and  the  oldest  G5.  No  less  than  59  of  the  cases 
occurred  between  the  ages  of  10  and  40. 

Geographical  Distribution. — As  the  recognition  of  actinomycosis 
becomes  more  general,  it  seems  probable  that  certain  countries  and 
ilistricts  are  more  liable  to  the  disease  than  others,  but  it  is  too  early 
to  state  the  ascertained  facts  in  any  but  general  terms.  More  cases 
seem  to  occur  in  country  districts  than  in  towns ; but,  as  might  be 
supposed,  more  cases  are  recognised  where  they  are  looked  for,  that  is  in 
places  where  attention  has  been  called  to  the  prevalence  of  the  disease. 
Thus  mycetoma,  which  is  comparatively  common  in  some  tropical 
countries,  would  seem  not  to  have  been  recognised  in  America  until  1894 
(Adami),  though,  as  occurred  in  England  in  the  case  of  actinomycosis 
of  the  liver  (Shattock),^  specimens  had  been  preserved  unknotra  in 
museums  and  have  since  been  recognised  in  Chicago  and  Boston. 
Observers  in  Germany,  France,  Eussia,  Switzerland,  England,  and 
America  have  all  contributed  their  quota  of  cases  of  actinomycosis,  but 
there  are  at  present  no  accimate  data  for  forming  any  estimate  as  to  the 
relative  frequency  of  the  disease  in  these  countries  severallj^.  An 
attempt  has  been  made  to  show  the  distribution  of  the  disease  in  the 
various  departments  of  France  by  Poncet  and  Berard  (123).  They  give 
a map  which  shows  at  any  rate  that  it  is  much  more  frequently  recog- 
nised and  reported  in  some  parts  than  in  others.  Further  inquiry  is 
needed  to  draw  any  useful  deductions  from  these  observations. 

Invasion. — The  means  by  which  the  fungus  gains  entrance  into  the 
tissues  has  been  the  subject  of  much  incjuiry  and  many  ingenious 
hypotheses.  In  some  cases  it  woidd  appear  certain  that  it  is  conveyed 
by  grain  (corn  or  barley)  or  some  foreign  body,  Avhich  has  caused  a lesion 
of  the  mucous  membrane  of  the  digestive  (25,  157)  or  respiratory  (107) 
tract,  or  skin  (11,  19,  20);  but  no  e\ddence  has  as  yet  been  brought  forward 
to  show  that  an  organism,  found  outside  the  body,  has  been  cultivated 
and  successfully  inoculated  into  an  animal  ■with  the  reproduction  of 
actinomycosis.  What  are  supposed  to  have  been  clumps  of  actinomyces 
have  been  detected  in  the  crypts  of  the  tonsils  (75)  and  in  the  hollows 
of  decayed  teeth  (113),  and  have  been  considered  a possible  source  of 
infection.  In  one  instance  Israel  (69)  found  a piece  of  what  he  believed 
to  be  dentine  from  a tooth  embedded  in  an  actinomycotic  focus  in  the 
lung.  Soltmann  records  a case  in  a boy  who  accidentally  SAvallowed 
an  ear  of  barley  grass,  and  who  subsequently  sufiered  much  substernal 
pain.  An  abscess  formed  in  the  sixth  right  intercostal  space,  between 
the  spine  and  scapula,  and  the  car  of  grass  was  found  in  the  pus,  which 
was  evacuated ; the  pain,  however,  continued,  and  after  a time  the  case 
proved  to  be  one  of  actinomycosis.  Bostriim  (21)  demonstrated  some 
remains  of  a cereal  in  the  lesions  found  in  eleven  cases  which  he  c.xnmincd  ; 
other  onsea  are  recorded  in  which  the  disccase  has  followed  a wound  with  a 
splinter  (105),  or  h;i3  occurred  in  those  pursuing  agricultural  occupations  ; 

' Similar  .><pecimtinA  have  l>cen  found  in  the  Mu.seuniH  of  tlie  Hoyiil  College  ol  Surgeons, 
.Vo.  27'A  A (Shattock),  and  of  St.  Bartholomew’s  nos].ital,  No.  C (Knuthaek). 
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and  Jensen  (73,  98)  has  recorded  an  epizootic  which  occurred  in  Den- 
mark amongst  a herd  of  cattle  fed  on  barley  grown  on  land  reclaimed 
from  the  sea.  In  17  of  the  British  cases  the  individual  affected  had 
either  been  in  the  habit  of  chewing  straw,  ears  of  corn,  etc.,  or  had  been 
engaged  in  agricultural  pursuits.  In  5 of  these  cases  there  is  sufficient 
evidence  to  show  that  the  lesion  was  caused  by  the  impaction  of  a 
cereal,  and  in  three  of  them  the  remains  of  the  cereal  was  found  in  situ. 
In  one  a grass-seed  was  taken  out  of  the  check ; in  another  a spear  of 
Italian  wheat  was  removed  from  the  throat ; in  a third  a grain  of  wheat 
was  found  in  the  appendix ; in  two  others  an  oat-grain  and  a husk  of  oat 
were  known  to  have  been  impacted  in  the  tonsils  a few  days  before  sup- 
puration occurred,  though  the  grain  itself  was  not  actually  found.  With 
regard  to  invasion  by  the  digestive  tract  it  may  be  noted  that  actino- 
mycosis has  been  found  to  occur  in  the  udders  of  cows  (85,  91),  as  well 
as  in  the  human  mamma  (106),  so  that  the  possibility  of  infection  through 
milk  cannot  be  disregarded. 

The  direct  transmission  of  the  disease  from  one  individual  to  another 
of  the  same  species  is  rendered  probable  by  a case  recorded  by  von  Baracz 
(8),  in  which  a woman  suffered  from  actinomycosis  of  the  face  after  being 
brought  into  close  relations  with  a man  who  was  similarly  affected ; but 
such  cases  are  rare,  and  no  case  of  direct  transmission  from  animal  to 
animal,  nor  from  animal  to  man,  nor  vice  versa,  has  been  recorded. 
Though  such  transmission  has  been  suspected  (9),  and  three  cases  are 
reported  as  having  occurred  in  one  family  (15).  In  a report  from  the 
Chief  of  the  Bureau  of  Animal  Industry  to  the  Secretary  of  Agriculture 
in  the  United  States,  it  is  stated  (141)  that  twenty-one  healthy  cattle 
were  kept  in  close  quarters  with  others  suffering  from  actinomycosis 
without  in  any  case  showing  signs  of  infection.  From  this  it  is  argued 
that  the  disease  can  be  transmitted  directly  from  one  individual  to 
another  only  with  considerable  difficulty,  and  on  rare  occasions,  and  this 
has  been  borne  out  by  the  observations  of  other  investigators  of  large 
experience,  such  as  Sir  J.  M'Fadyean  (98). 

Experimental  transmission  of  the  disease  from  one  animal  to  another, 
and  from  man  to  animals  1)oth  directly  and  after  artificial  cultivation,  has 
been  successfully  accomplished  (156).  The  first  successful  experiments 
by  direct  inoculation  seem  to  have  been  carried  out  by  Johne  (76)  in 
1880.  Three  years  later  J.  Israel  (70)  succeeded  in  transmitting  the 
disease  from  man  to  a rabbit  by  direct  inoculation.  He  implanted  a 
piece  of  granulation -tissue  from  a patient  suffering  from  a thoracic 
abscess,  due  to  actinomyeosis,  directly  into  the  peritoneal  cavity  of  a 
rabbit.  About  three  months  afterwards  the  peritoneal  cjudty  was  found 
studded  with  tumours  of  various  sizes.  The  tumours  contained  the 
fungus  surrounded  by  granulation-tissue,  and  the  other  elements  usually 
found  in  the  lesions  characteristic  of  the  disease.  These  experiments 
Avere  repeated  and  confirmed  by  Prof.  Crookshank  (39,  40),  Rotter, 
and  others,  and  the  transmissibility  of  the  disease  from  cattle  to 
cattle  by  direct  inoculation  has  been  demonstrated  by  the  researches  of 


A C rJNOM  Y cos  IS 


335 


Johne  (75,  77)  and  Politick  (130).  These  latter  investigations  tend  also 
to  shew  that  cattle  are  more  susceptible  to  inoculation  than  either  dogs 
or  rabbits. 

The  earliest  successful  inoculation  experiments  with  the  fungus  arti- 
ficially propagated  outside  the  body  were  carried  out  by  'Wolff  and 
Israel  (156).  Eighteen  rabbits  and  three  guinea-pigs  were  inoculated 
by  the  introduction  of  a small  portion  of  the  culture  into  the  abdominal 
cavity.  Of  twenty-two  animals  used  for  the  research  two  only  did  not 
contract  the  disease,  one  a rabbit  which  had  been  inoculated  adth  sterile 
agar  as  a control  experiment,  the  other  a sheep  in  which  the  inoculation 
failed  to  produce  any  result.  In  all  the  cases  in  which  the  experiment 
was  successful  the  peritoneal  tumours  were  similar  to  those  found  in  the 
direct  inoculations  of  Johne  and  Ponfick  mentioned  above.  The  small 
masses  were  surrounded  by  a capsule,  and  had  a pulpy  interior  •,  in  the 
larger  the  capsule  was  dense,  and  the  interior  of  the  mass  Avas  divided 
by  fibrous  septa,  the  interstices  of  Avhich  contained  the  minute  grain-like 
masses  so  characteristic  of  actinomycotic  lesions.  In  many  of  the  speci- 
mens examined  both  the  club  and  thread  forms  of  the  fungus  Avere  detected, 
but  in  some  of  them  the  threads  Avere  predominant,  as  is  frequently  the 
case  in  man.  That  the  fungus  was  alive,  and  had  really  been  instru- 
mental in  producing  the  disease,  was  furthei’  proved  by  the  observation 
that  actinomyces  taken  from  the  tumours  was,  in  four  cases  out  of  six, 
successfully  cultivated  through  many  generations  on  agar ; and  further, 
that  in  one  of  the  animals  experimented  upon,  tAvo  metastatic  actinomy- 
comas  developed  in  the  substance  of  the  liver,  the  contents  of  Avhich 
very  closely  resembled  similar  lesions  in  man  (155). 

The  method  by  which  the  disease  spreads  Avithin  the  body  is  in 
most  cases  by  a gradual  inA^asion  of  the  tissues  surrounding  the  point  of 
inoculation.  At  the  seat  of  infection  minute  points  of  inflammation  are 
found,  Avhich  extend  at  their  periphery,  and  unite  to  form  large  areas  of 
granulation-tissue.  These  masses  are  prone  to  break  doAvn  in  one  direction 
and  heal  in  another,  leaving  behind  dense  cicatricial  bands.  The  process 
often  differs  Avidely  from  that  of  simple  inflammation.  In  its  progress 
the  disease  may  disregard  anatomical  boundaries,  and  invade  one  tissue 
after  the  other,  the  direction  of  spread  being  determined,  not  by  similarity 
of  tissue,  but  by  contiguity,  so  that  all  tissues  and  organs  may  be  alike 
invaded.  Thus,  a focus  of  disease  in  the  liver  may  spread  to  the 
diaphragm,  and,  perforating  it,  lead  to  the  formation  of  an  empyema,  or 
to  the  inA'asion  of  the  base  of  the  lung.  The  soft  parts  become  matted 
together,  and  as  the  disease  extends  long  sinuses  are  formed  Avhich,  by 
the  discharge  of  the  characteristic  pus,  often  give  the  first  intimation  as 
to  the  true  nature  of  the  disease. 

The  ly'mphatics  sheAV  no  constant  tendency  to  become  affected,  and 
when  the  glands  arc  enlarged  the  sAvelling  is,  as  a rule,  due  to  simple 
inflammation  rather  than  to  invasion  by  the  micro-organism. 

.Metastase.s,  through  the  A’ascular  system,  occur  in  a certjiin  number 
of  cases,  and  in  this  Avay  laige  c'lreas  may  Ijc  simultaneously  infected,  as 
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in  a ease  recorded  by  Ponfick,  in  which  the  left  jugular  vein  was  i^er- 
forated  by  a mass  of  the  organism,  with  the  subsequent  formation  of 
actinomycotic  infarcts  in  the  lungs,  spleen,  brain,  and  heart  (129). 

Dr.  Moodie  has  recorded  a case  in  which  the  primary  seat  of  tlie 
disease  was  in  the  right  upper  jaw ; metastases  occurred  in  the  liver,  and 
from  thence  invaded  the  diaphragm  and  right  kidney.  Chiari  had  a case 
in  which  metastatic  abscesses  were  formed  in  the  spinal  cord,  the  main 
lesion  being  pulmonary  in  the  form  of  bronchiectasis. 

Cultivation. — The  organism  has  been  successfully  cultivated  outside 
the  body  by  many  observers.  Bostrom,^  in  his  classical  paper,  gives  the 
results  of  several  hundred  cultm’es  which  he  made  from  human  and 
bovine  actinomyces.  He  was  successful  both  under  aerobic  and  anaerobic 
conditions  at  37°  C.,  using  gelatin,  bouillon,  and  agar.  He  did  not, 
however,  succeed  in  reproducing  the  disease  in  animals. 

In  this  country  Prof.  Crookshank  carried  out  a large  series  of  cultures 
which  show  that  the  organism  grows  readily  under  suitable  conditions, 
the  separate  growths  spreading  peripherally,  and  forming  by  their 
amalgamation  larger  areas  with  crescentic  or  circular  outlines  like  inter- 
secting fairy  rings.  After  a few  weeks  the  growth  becomes  covered  with 
a whitish  or  yellowish  powdery  efflorescence,  which  under  the  microscope 
is  found  to  be  eomposed  almost  entirely  of  spore-like  bodies.  When 
cultivated  on  agar  the  young  colonies  of  actinomyces  shew  under  the 
microscope  a tangle  of  branching  threads,  some  straight,  some  Dvisted, 
and  some  with  bulbous  extremities.  As  a rule  no  true  clubs,  such  as 
are  found  in  animal  tissues,  develop  in  cultures,  although  expansions  of 
the  threads  having  a somewhat  similar  appearance  have  been  found  by 
Bostrbm  in  cultures  grown  under  anaerobic  conditions.  He  attributed 
this  to  the  exhaustion  of  the  nutritive  material  in  the  culture  medium, 
and  considered  it  as  evidence  that  the  clubs  are  involution  forms. 

Biological  Position. — Actinomyces  was  originally  believed  to  be  a 
mould,  of  which  the  clubs  were  the  asci  or  gonidia,  and  the  threads 
mycelium.  The  researches  of  Bostriim,  Wolff  and  Israel  led  them  to  the 
conclusion  that  the  clubs  were  involution  forms,  and  that  the  method  of 
reproduction  was  by  the  formation  of  spores  in  the  filaments,  or  by  their 
transverse  fission. 

For  all  these  questions,  including  the  comparative  biology  and 
pathology  of  actinomycosis,  and  its  relations  to  madura  foot  and  other 
similar  affections,  see  p.  302  ; also  (152)  (106). 


Clinical  Features 

The  incubatioih-])eriod  is  maiidy  determined  by  the  seat  of  the  primary 
infection.  It  varies  within  very  wide  limits,  it  may  be  as  short  as  a few 
days  if  the  lesion  is  in  the  mouth  (52),  or  as  long  as  two  years  (105)  if 
the  seat  of  infection  is  in  the  extremities. 

' For  coloured  drawings  of  cultures  of  actinomyces,  see  Referenees  Nos.  53,  26,  115. 
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The  cUnicul  cour>ie  of  actinomycosis  is  generally  chronic,  but  in 
exceptional  cases  there  is  rapid  dissemination,  owing  to  the  fungus  having 
found  entrance  into  the  vascular  system  with  the  formation  of  metasta.ses 
(45,  66,  101);  it  then  pursues  the  course  of  an  acute  infectious  disease 
(59,  SO),  or  even  of  pytemia.  Such  acute  cases  are  rare,  and  any 
considerable  pyrexia,  suppuration,  or  septic  infection  is  as  a rule  caused 
by  accidentally  associated  pyogenetic  organisms. 

The  manifestations  of  the  disease  may  be  as  protean  as  the  organs 
which  the  disease  attacks  are  various.  When  one  of  the  deeply  seated 
viscera  alone  is  involved,  there  is  generally  no  guide  to  the  real  nature  of 
the  affection.  It  is  for  this  reason  that  so  many  of  the  recorded  cases 
have  only  been  recognised  after  death ; during  life  they  have  been 
regarded  as  abscesses,  emjjyema,  appendicitis,  abscesses  of  the  liver,  verte- 
bral caries,  tuberculosis,  sarcoma,  or  even  carcinoma.  In  a large  pro- 
portion of  cases  no  certain  diagnosis  can  be  made  until  the  fungus  has 
been  detected  under  the  microscope. 

MTien  the  skin  is  invaded  the  appearance  of  raised,  pulpy,  fleshy 
masses,  with  minute  fistulous  openings  discharging  a thick  gelatinous 
pus,  may  be  characteristic,  and  certainly  should  excite  suspicion  as  to  the 
nature  of  the  lesion  (32,  133).  The  presence  of  the  grains  in  pus  may 
be  readily  demonstrated  by  shaking  it  up  in  a test-tube  with  a little  salt 
and  water;  they  will  then  be  seen  clinging  to  the  sides  of  the  tube. 
Their  presence  renders  the  diagnosis  almost  certain  so  far  as  the  general 
nature  of  the  afifection  is  concerned,  but  the  more  precise  differentiation 
of  the  species  of  fungus  must  be  decided  by  further  microscopical  exami- 
nation, since  somewhat  similar  appearances  are  occasionally  seen  in  pus 
from  tuberculous  lesions.  As  a rule  the  pus  is  without  odour,  and  often 
has  a greenish  or  yellowish  tinge,  but  in  actinomycosis  of  the  lungs  the 
sputum  may  be  offensive,  the  case  resembling  one  of  bronchiectasis.  If 
the  sinitum  is  sweet,  and  there  is  haemorrhage,  the  physical  signs  and 
symptoms  may  be  precisely  similar  to  those  of  tuberculosis,  or  even 
pneumonia. 

From  what  has  been  said  .above,  it  is  evident  that  actinomycosis  of 
the  internal  viscera,  in  which  there  is  no  lesion  of  the  skin  or  discharge 
of  pus,  is  in  chronic  cases  clinically  indistinguishable  from  many  othei’ 
diseases,  and  the  diagnosis  in  the  majority  of  cases  can  only  be  made  b}'^ 
the  detection  of  the  characteristic  micro-parasite  in  the  discharges  or 
evacuation.s.  Any  deduction  made  from  the  course  of  the  dise.ase,  or 
from  the  situation  and  physical  signs  of  the  lesions,  is  liable  to  be 
erroneous.  In  acute  cases  the  difficulties  are  ecpuilly  insurmountable 
without  the  detection  of  the  micro-organism,  and  a diagnosis  which  turns 
out  to  be  correct  cannot  be  regarded  as  anything  more  than  a fortunate 
surmi.se. 

ProgTiosis. — When  uncomplicated  and  local,  the  disease  is  d.angerous, 
mainly  from  the  mechanicjd  interference  which  the  ncophasms  may  exert 
on  org.ans  essenti.'il  to  life.  Suppuration  and  metastiises,  witli  their  con- 
sequences, are  the  dangers  which  shonld  excite  most  apprehension.  .lust 
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as  in  tubercle,  the  affected  tissues  may  become  cicatrised  or  calcified, 
and  the  disease  may  in  this  manner  be  cured,  yet  in  a large  proportion 
of  cases  in  which  the  viscera  are  affected,  it  is  steadily  progressive,  and 
ends  fatally  from  exhaustion. 

In  attempting  to  forecast  the  probable  course  of  a disease  like 
actinomycosis,  it  is  necessary  to  take  into  account  such  factors  as  the 
part  or  organ  affected,  whether  the  lesion  is  superficial  or  deep,  whether 
it  is  complicated  by  suppuration,  or  whether  the  spread  has  been  by  con- 
tact or  metastasis.  Thus,  it  will  be  found  that  whereas  actinomycosis  of 
the  skin  is  rarely  fatal  and  is  readily  amenable  to  treatment,  disease  of 
the  internal  viscera  is  generally  fatal,  since  no  case  of  recovery  after 
actinomycosis  of  the  liver  or  brain  has  so  far  been  recorded.  Dr.  liichens 
has  put  on  record  a case  of  pulmonary  actinomycosis  which  at  the 
time  of  writing  had  apparently  made  a complete  recovery,  but  such  a 
result  cannot  be  expected  with  any  confidence. 

The  mortality  in  the  various  forms  of  the  disease  in  257  cases  col- 
lected by  Duvau,  and  quoted  by  Poncet  and  Berard  (123),  was  as 
follows  ; — 


Position  of  Lesion. 

Deaths  per  cent. 

Skin  ....... 

2-3 

Face  and  neck  (superficial  lesions)  . 

10 

Jaw  and  temporal  region  (deep  lesions)  . 

30 

Intestinal  and  abdominal  cavity 

65 

Intra-thoracic  (pulmonary  and  pleural)  . 

85 

Liver.  ...... 

100 

Brain  and  spinal  cord  .... 

100 

The  visceral  lesions  are  so  fatal,  partly  because  as  a I'ule  they  are 
secondary  to  some  other  local  infection,  and  partly  owing  to  the  fact  that 
they  cannot  be  satisfactorily  reached  by  surgical  means.  The  spread  of 
the  organism  is  usually  slow,  and  in  cases  in  which  the  lesion  is  super- 
ficial and  within  reach  of  local  treatment,  provided  that  there  be  little 
suppuration  and  no  metastases,  a favourable  prognosis  may  be  given. 

Treatment. — Two  methods  of  treatment  have  been  found  specially 
useful ; the  inteimal  administration  of  iodide  of  potassium  in  large  doses, 
and  the  total  excision  of  the  part  affected.  Improvement  under  the  use 
of  eucalyptus  oil  has  also  been  recorded  (64,  140).  Other  means,  such 
as  X-rays  (57),  injections  of  tuberculin  (12),  “ bacterien  protein  (160), 
injections  of  iodine,  and  decomposition  with  the  electric  current  (42) 
have  been  tried  and  found  to  be  of  temporary  benefit  (58).  Von  Ba,racz 
(9)  has  suggested  the  use  of  intravenous  injection  of  silver  pre])arations, 
but  does  not  give  details  of  any  cases  in  which  this  method  had  been 
actually  tried.  Many  years  ago  Thomassen  first  used  iodide  of 
potassium,  and  the  local  application  of  iodine  to  the  diseased  tissues  in 
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cattle.  In  1S91-92  a series  of  cases  Avas  similarly  treated  at  Chicago 
(141),  of  which  0.3  are  said  to  have  recovered,  and  Nocard  (111),  )Sir  J. 
M'Fadyean  (99),  Bnzzi,  and  Dr.  Hansom  (DM)  have  recorded  cases 
in  man  in  which  the  same  drng  had  been  used  with  marked  succe.ss. 
Since  it  was  first  tried  many  cases  have  been  treated  with  the  iodides,  and 
with  such  appai'ent  benefit  that  its  use  is  indicated  in  increasing  doses 
when  once  the  diagnosis  has  been  made  with  certainty.  In  man  the  dose 
should  reach  at  least  45-60  grs.  per  diem ; in  cattle  as  much  as  240  grs. 
has  been  given.  As  an  alternative  to  the  excision  of  the  affected  ^xirts 
when  they  are  accessible,  scraping,  combined  with  the  local  application  of 
nitrate  of  silver,  corrosive  sublimate  in  solution,  iodoform,  or  some  other 
antiseptic,  may  be  of  service.  The  organism  is  fortunately  susceptible 
to  such  methods  of  treatment ; its  vitality  is  low,  and  if  the  diseased 
part  can  be  readied  •with  safety,  the  affection  in  a large  proportion  of 
cases  can  be  permanently  cured.  T.  D.  Acland. 
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des  vaclies  (mastitis  actinomycotica  purulenta  fibrosa),"  Journ.  de  vM.  vU.  ct 
zootech.  Lyou,  1903,  5th  ser.  vol.  vii.  p.  513. — 86.  Lebkkt.  TraiU  d'analomie 
patholotfique,  vol.  i.  p.  54  ; and  Atlas,  vol.  i.  ]il.  ii.  fig.  16.  Paris,  Bailliere  et  Fils, 
1857.-^7.  Lehu.v.m,  F.  “Ueber  Jliliar-Aktinomykose  der  Pleura,"  Arb.  aus  dem 
Geb.  d.  path.  anal.  Inst,  zu  Tiibinyen,  1904,  vol.  iv.  ji.  297. — 88.  Leith,  K.  F.  C. 
Udinburyh  Hospital  Deports,  1894,  vol.  ii.  pp.  121,  162. — 89.  Ibid.  jil.  iii.  fig.  6. — 90. 
3Ul.  p.  128. — 91.  Ibid.  p.  179. — 92.  Lewi.s  and  Ci'nxinoiiam.  “ Fungus  Disease  of 
India,”  Quain’s  Dictionary  of  Medicine,  1894,  vol.  i.  p.  710. — 93.  Ma.ass,  F.  “The 
Method  of  Infection  of  Actinomycosis  in  Man,”  Annals  of  Suryery,  1903,  vol.  xx.wiii. 
j>.  292. — 95.  M'AiiTHfn,  L.  L.,  and  Hoi.li.steu,  J.  C.  “Actinomycosis  of  Cwcum, 
Liver,  and  Lungs,  with  Bacteriological  Report  by  M’'.  lU.  Hartman,”  Med.  and  Stiry. 
Deports,  St.  Louis  Hospital.  1903-4,  ji.  66. — 96.  MacCali.vji,  AV.  G.  “On  the  Life 
Historj’ of  Actinomyces  Asteroides,”  Centralb.  f.  DakteHol.  19C2,  vol.  xxxi.  ji.  529. — 

97.  M'F.adyk.vx,  J.  Journ.  Comparative  Patholoyy  and  Therapeutics,"  1888,  p.  1. — 

98.  IbUl.  1889,  pp.  7,  8.-99.  Itrid.  1892,  p.  348,  and  1893,  p.  163.— 100.  Maiitix,  C.  H. 
“A  ReiKirt  of  Two  Cases  of  Actinomycosis  of  the  Brain,”  Journ.  Path,  and  Bactcriol. 
London,  1896,  vol.  iii.  p.  78. — 101.  Moonir.,  E.  L.  “Large  Actinoinycoma  of  the 
Liver,  secondary  to  a circumscribed  Actinomycosis  of  the  Upper  Jaw,”  Journ.  Path, 
and  Bactcriol.  1903,  vol.  tdii.  p.  239.. — 102.  Moosbeuggeh.  “Ueber  die  Aktinomy- 
kose  des  Menschen,”  Beitrdye  z.  Jclin.  Chir.  Tiibingen,  1886,  p.  339. — 103.  Ibid. 
pi.  iii.  fig.  1.  p.  392. — 104.  Ibid.  p.  249. — 105.  Mulleu.  Ibid.  1887,  p.  355,  with 
jdate  showing  the  splinter  which  had  caused  the  infection. — 106.  Idem.  Miinchen. 
lacd.  IFochensehrift,  Dec.  1894. — 107.  MrxDLEii.  “ Drei  Falle  der  Aktinoinykose  des 
Kehlkopfs, " .Bci7r<i(/e  z.  klin.  Chir.  Bd.  viii.  1892,  p.  615. — 108.  Neumaxx’s  Atlas, 
pi.  xiii. — 109.  Nicholls,  A.  G.  “The  Bacteriology  of  Actinomj'cosis,”  Montreal 
Med.  Journ.  1905,  vol.  xxxiv.  j).  100. — 110.  Nocaed.  “Note  .sur  la  Maladie  des 
Bceufs  de  la  Guadeloupe  connue  sur  le  noni  de  farcis,”  Ann.  de  I Inst.  Pasteur, 
Paris,  1888,  p.  293. — 111.  Idem.  Decueil  de  Midceine  VUen'inaire,  1892,  p.  167  ; 
also  ./oum.  Comp.  Path,  and  T her ap.  vol.  vi.  1893,  p.  184. — 112.  Paiitsc'H.  “Die 
Aktinomykose  des  Menschen  vom  klinisehen  Standpunkt,”  Sammluny  klinische 
Vortrdye.  A’olkmann,  1888,  No.  306,  p.  2833. — 113.  Idem.  “Die  Eigangsjiforte 
des  Aktinomyces,”  Wien.  klin.  Woehensehrift,  1893,1).  "ith  two  figures  in  text, 
one  being  the  section  of  a tooth  with  the  organism  in  situ. — 114.  PEitnoxcno. 
“Osteosarcoma  della  maxilla  anteriore  e posteriore  nei  Bovini,”  Article  Patoloyia, 
Endclopedia  Ayraria  Italiano,  vol.  iii.  1875,  p.  599  ; and  Deutsche  Zeitsehrift  f.  Thicr- 
mcdicin,  etc.  1879,  p.  33,  with  plate. — 115.  Poxcet,  A.,  et  Beiiaud,  L.  Traite 
Clinique  de  V Aetinomyeose  Ihimaine,  etc.  Paris,  1898,  45  figures  in  the  text  and  4 
coloured  plates. — 116.  Idem.  “ Actiuoniycose  augulo  et  temporo  maxillaire  droite,” 
Lyon  mid.  1903,  vol.  c.  p.  607.  — 117.  Idem.  “Aetinomyeose  cervico-faci.ale  aigue,  ii 
forme  angulo  temjioro  maxillaire  ; phlegmon  ligneux  caracteristique,”  Lyon  mid. 
1904,  vol.  cii.  ]).  20.  — 118.  Idem.  “Aetinomyeose  cervico  - faciale  de  forme  ties 
douloureuse  ; ni-vrite  actinoniycosique,”  Lyon  mid.  1905,  vol.  civ.  ]).  1398,  withjilate. 
— 119.  Idem.  “Aetinomyeose  de  la  face,"  Lyon  mid.  1903,  vol.  ci.  ]>.  48. — 120. 
Idem.  “Actinomyco.se  feasiere  d’origine  rectale,  vaste  phlegmon  actinoniycosique  de 
la  fes.se  ct  de  la  jiartie  jposteroexterne  de  la  cuisse  gauche,”  Oaz.  d.  hOp.  Paris,  1903, 
vol.  Ixxn.  ]).  325. — 121.  Idem.  “Otite  actinoniycosique;  inastoidite  et  ]ihlegmoii 
cervical  de  menie  nature,”  Lyon  mid.  1903.  vol.  c.  ]).  903. — 122.  Idem.  “Trismus  on 
constriction  actinoniycosique  des  machoires,”  Go,z.  d.  hCp.  1904,  vol.  Ixxvii.  p.  237. 
— 123.  Idem.  “ L’actinomyco.se  htimaine  en  France,”  Presse  mid.  1902,  vol.  i.  ]>.  437, 
give.s  map  of  France  showing  incidence  o(  the  disease  in  the  several  departnu-iil.s. — 
124.  Mem.  “A  jirojios  dii  diagnostic  clinique  de  ractinomycose  huniuine,”  Arch,  de 
jiftrasUoloyie,  1904,  vol.  viii.  j).  548  ; also  Bull.  acad.  de.  mid.  1904,  ser.  3,  vnl.  li.  p. 
250  ; also  Lyon  mid,.  1904,  vol.  cii.  ]).  609  ; also  Mid.  mod.  1904,  vol.  xv.  ]>.  89.  125. 
PoxcKT,  A.,  et  TiifivEXor,  L.  “ De  I’actiiiomycose  hiimaiiie  en  France,  et  ii  retranger 
dans  ces  cinq  dernieres  aniiees,”  Bull.  Acad.  d.  Mid.  Paris,  1903,  vol.  xlix.  i'.  7J2._ 
— 126.  PoNEiCK.  “ L'eber  das  vorkoiiimen  cigenthiimlicber,  gell)lichcr  Koriicr,  etc..’ 
Breslnucr  urztliche  Zeituny,  M:iy  1879. — 127.  Idem.  Breslaurr  orztliehrr  Zntschrifl, 
May  1879.  -128.  Idem.  “ Ueber  Aktinomyko.se  des  Menschen  und  di'r  Tiiiere,"  Deri. 
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ITin.  lYochciischrifl,  1880,  p.  GfiO. — 129.  Idem.  Die  Aklinoviykose  dcs  Menschen,  1882, 
p.  16,  case  3,  iind  plate  1. — 130.  Idem.  Virchoiv’ s Arehiv,  vol.  Ixx.vvii.  1882,  ]).  541, 
and  vol.  Ixxxviii.  |).  195  ; Die  Aklinomykosc  dcs  Menseken  cine  neue  Infections 
ICmnkheU,  etc.  Berlin,  1882,  Ilir-schwald.  — 131.  Powell,  R.  Dougl.v.s, 
Godlee,  R.  J.,  and  Tayt.or,  H.  H.  Med.-Chir.  Trans.  London,  1889,  vol. 

Ixxii.  p.  187.  — 132.  Powell,  R.  D.  Ibid.  pi.  iii.  figs.  1 and  2. — 133. 

Prtsoi.e,  ,T.  ,T.  “A  Case  of  Actinomycosis  extensively  involving  the  Skin,” 
Med.  - Chir.  Trans.  London,  1895,  vol.  Ixxviii.  p.  21,  with  coloured  plate.  — 
— 134.  Ran.som,  W.  B.  “The  Prognosis  and  Treatment  of  Actinomycosis,”  liril. 
Med.  Journ.  1894,  vol.  i.  p.  61. — 135.  Rivolta.  “Sarcoma  fibrosa  al  hordo  inferiore 
della  brancha  mascellare  sinistra  del  bovo,”  Medico  Vet.ennario,  1868,  p.  125. — 136. 
Idem.  Giornale  di  Anat.  Fisioloyica  c Patholoyica,  1875. — 137.  Roiiix.  2’raili  du 
Microscope,  Paris,  1871,  p.  575,  and  fig.  157. — 138.  Rosek.stein,  Paul.  “Ueber  die 
Aktinomykose  der  Weiblichen  adnexe,”  Daumyartens  Arbeitcn,  Bd.  iv.  Heft  3,  p.  284. 
Contains  bibliography  of  the  subject.  — 139.  Ro'n’Eit.  Verhandluny  dcr  Deutschen 
GcseUsehafl  derChiruryie,  1886,  p.  105. — 140.  ROhrah,  Y.  “Actinomycosis  in  Man,” 
Annals  of  Siirycny,  1899,  vol.  xxx.  pp.  417,  605,  722. — 141.  Salmok,  E.  “ Report  on 
the  Tr  ’atment  of  Lumpy  .Taw,  etc.,”  Report  of  the  Bureau  of  Anvnial  Industries,  1891- 
92,  New  York,  1893,  ])p.  109  and  176,  8 plates. — 142.  Sauvageau,  C.,  and  Rawais,  M. 
“ Sur  les  Genres  Streptothrix,  Cladothrix,  Actinomyces,”  Ann.  de  VInst.  Pasteur, 
Paris,  1892,  pp.  242,  243,  272. — 143.  Schmorl.  “Ueber  ein  Path.  Fadenbacterium, 
etc.,”  Deutsche  Zlschr.  f.  Thicrmcd.  u.  vcryl.  Path.  1891,  p.  375. — 144.  Soiirotter,  L. 
“ Ueber  Aktinomykose  des  Mediastinums  und  des  Herzens,”  Inlcrnat.  Bcitrdgc  zu 
Innere  Medizin,  1902,  vol.  i.  p.  535  ; 6 illustrations  in  text. — 144«..  Shattock.  Trans. 
Path.  Soc.  London,  1885,  vol.  xxxvi.  p.  254. — 145.  Soi.tmann.  .lahrb.  f.  Kinderh. 
Leipzig,  1886,  ]i.  133. — 146.  Stokes,  W.  R.  “A  Study  of  the  Group  Actinomyces, 
with  the  Report  of  a Pathogenic  Species  for  Man,”  Amer.  Journ.  Med.  Sci.  1904,  vol. 
cxxviii.  ]i.  861.  With  a record  of  a case  of  actinomycosis  of  the  lung. — 147.  Thiriok, 
G.,  and  Angier,  D.  “Actinomyco.se  Pleuro-Pneunionaire  . . . prise  pour  un  abces 
du  foie,  etc.,”  Joiir.  d.  Sc.  Med.  de  Lilte,  1903,  vol.  ii.  p.  121. — 148.  Thomas.sex. 
II Echo  Vittdrinairc  Bclyique,  Dec.  1885,  p.  409. — 149.  Treve.s,  F.  Lancet,  1884,  vol.  i. 
pp.  70  and  848. — -149ft.  Idem.  Trans.  Path.  Soc.  London,  1884,  vol.  xxxv.  j).  356. — 
150. — Treves,  W.  Ksmu’i'.  “On  a Case  of  Actinomycosis,”  Lancet,  1884,  vol.  i.  p. 
107. — 151.  VAN  DER  Veer,  A.,  and  Elting,  A.  AV.  “A  Resume  of  the  Subject  of 
Actinomycosis,  with  Report  of  a Case  of  Actinomycosis  Abdominalis,”  4 figures, 
Medical  News,  N.Y.  1902,  vol.  Ixxx.  p.  109.— 152.  AGncent,  H.  “Etiul^e  sur  le 
parasite  du  Pied  Madura,”  Ann.  de  VInst.  Pasteur,  Paris,  1894,  p.  129. — 153.  Ibid. 
p_  140. — 154.  Virchow.  “ Beitriige  zur  Kenntuiss  der  Trichinosis  und  der  Aktinomy- 
kose beim  Sehweinen,”  Yirchow’s  Arehiv,  1884,  p.  534. — 155.  W olff,  M.  JI  ien.  klin. 
lYochenschrift,  Aug.  1894,  p.  1431.— 156.  AVolff,  M.,  and  Israel,  .L  “Ueber 
Reinculturen  des  Aktinomyoes  und  seiner  Uebertragbarkeit  auf  Thiere,”  Virchows 
Arehiv,  vol.  exxvi.  1891,  p.  11,  8 plate.s.— 157.  AVollsch.  “Ein  Fall  von  retrociBcalcr 
Aktinomykose,”  Int.  klin.  Rundschau,  1894,  p.  163. — 158.  AVright,  J.  H.  “The 
Biology  of  the  Micro-organism  of  Actinomycosis,”  Journ.  Med.  Research,  Boston, 
1904-5,  vol.  xiii.  p.  349,  10  plates. — 159.  Eemann.  Med.  Jahrbilcher,  AVien,  1883,  ]>. 
477. — 160.  ZiEGi.ER.  “Aktinomykose  des  Gesichtes,  Behandlung  mit  Bakterieii 
Protein,”  MUnchen  med.  JVochensch.  1892,  p.  406. 

The  following  papers  and  monographs  are  of  special  interest : — 

BosTRiiM.  “ Unte'rsuchungen  fiber  die  Aktinomykose  des  Menschen,”  Bcitrayc  zur 
patholoyischen  Anatomic,  etc.,  Ziegler,  1890,  pp.  1-240,  10  ]ilates. — ^Israel,  .1.  “Neue 
Beobaciitungen  auf  dem  Gebiete  der  Mykosen  des  Menschen,  ’ Virchow  s Arehiv^  vol. 
Ixxiv.  1878,  p.  15,  and  p.  60,  pi.  iii.  figs.  9,  a,  b,  c,  d ; also  in  vol.  Ixxvin.  18/9,  p. 
421;  vol.  Ixxxvii.  1882,  p.  364;  and  vol.  l.xxxviii.  p.  \9\.  — Idrm.  Khmschc 
Bcitrdqc  zur  Kenntniss  dcr  Aktinomykose,  des  Menschen.  Berlin,  1885,  Hirschwakl.— 
AIoosiiui'GGER.  “Ueber  die  Aktinomykose  des  Menschen,”  Beitrdyc  z.  klin.  Chir. 
Tiibino-en,  1886,  p.  339.— Part.soh.  “ Die  Aktinomykose  des  Men.schen  vom  klimschen 
Standpunkt,”  Sammluny  klinisehc  Vortdgc.  A''olkmann,  1888,  No.  306,  p.  2833.— 
PoNCET,  A.,  et  Berard,  L.  TraiU  Clinique  de  VActinomycose  Ilunmme,  etc.,  I ans, 
1898  45  figures  in  the  text  and  4 coloured  plates. — Ponfick.  “ Ueber  das  vorkom- 
men’eigenthfimlichcr,  gelblichcr  Korner,  etc.,”  Breslauer  drztliche  Zeitung,  ilay  18/9. 
Idem.  “ Ueber  Aktinomykose  des  Menschen  und  dcr  Thiere,  Bert.  khn.  U oeticn- 
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schri/l,  1880,  p.  650. — Idem.  Virchow’s  Archiv,  vol.  Ixxxvii.  1882,  ]>.  541,  aiul  vol. 
Ixxxviii.  ji.  195;  Die  Akiinomykose  dcs  Menschen  cine  nruc  Infections  ICrimkhcit,  etc., 
herliu,  1882,  Hirschwakl. — Ruhuaii,  Y.  “ Actinomj’cosis  in  Man,”  Annals  of  Huryery, 
1899,  vol.  XXX.  i>j>.  41”,  605,  722. — AVom-f,  M.,  and  Isuaki.,  J.  “Uober  Rcinculturcn 
des  Aktiuomyces  und  seiner  Uebertragbarkeit  auf  Thiore,"  Virchoio's  Archiv,  vol. 
exxvi.  1891,  i>.  11,  8 plates. 

A bibliography  of  j>apers  on  Actinomycosis  will  be  found  in  Illich’s  Beilray  zur 
Klinik  dcr  Aktinotnykose,  M'ien,  1892,  ami  in  Poncet  and  Berard’s  monograph,  Traild 
Clinique  de  V Act inomy cose  Ilumainc,  etc.,  Paris,  1898. 
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CONSTITUTIONAL  SYPHILIS 

By  Jonathan  Hutchinson,  F.R.S. 

The  specific  fever  known  as  Syphilis  differs  chiefly  from  its  congeners  in 
the  much  more  prolonged  duration  of  its  several  stages.  Like  small-pox, 
measles,  scarlet  fever,  and  the  others  in  this  group,  it  is  communicable 
from  the  diseased  to  the  healthy,  and  can  he  produced  by  no  other  means. 
Like  them  it  has  its  several  stages  of  incubation,  efflorescence,  relapses, 
decline,  and  sequels.  As  in  them,  so  in  syphilis,  the  most  prominent 
symptom  is  an  exanthem  or  cutaneous  rash.  The  various  stages  of 
syphilis  tend  to  pass  away  of  themselves,  in  the  course  of  time,  almost  as 
certainly  as  do  those  of  small-pox ; and  one  attack  affords  for  a time 
immunity  from  a second.  As  is  the  case  in  the  other  zymotic  diseases, 
the  poison  of  syphilis  is  one  which  possesses  the  poAver  of  breeding  in  the 
patient’s  body;  and  the  smallest  possible  quantity  of  virus  suffices  in  due 
time  to  infect  all  the  solids  and  fluids  of  the  system.  The  time  required, 
however,  is  in  it  much  longer,  and  the  stages  are  much  more  protracted. 
Instead  of  counting  the  duration  of  its  stages  by  days,  Ave  haA'e  to  count 
by  Aveeks,  or  by  months.  From  this  circumstance  there  folloAv,  in  the 
most  natural  manner,  certain  apparent  differences  betAveen  syphilis  and 
the  other  fevers.  Thus,  because  the  eA'olution  of  the  exanthem  is  sIoav 
and  gradual,  the  pyrexial  disturbance  attending  it  rarely  rises  to  an}’ 
great  height ; and  becau.se  each  stage  is  so  much  longer,  correspondingly 
wider  margins  for  occasional  variation  in  length  must  be  alloAved.  It 
further  follows  that  as  the  disease  extends  OA-er  years,  and  its  subjects 
may  not  be  incapacitated  by  it  for  social  life,  many,  Avhilst  still  infected, 
become  fiarents,  and  transmit  their  taint  to  their  offspring ; a circumstance 
Avhich  can  but  very  rarely  happen  in  the  more  short- liAmd  and  acute 
fevers.'  These  apparent  differences  are  by  no  means  real  ones.  It  is 
probably  by  no  means  correct  to  allege  that  syphilis  is  the  only  fever 
Avhich  has  a tertiary  stage.  What  are  called  the  tertiary  synijitoms  of 

' Herwlifnry  transriii.sMion  occurs  in  all  specific  fevers  if  it  chance  that  olTspring  is 
prfsiticed  whilst  the  parent  is  suffering. 
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syphilis  find  their  analogues  in  many  cases  of  small-pox  and  scarlet  fever, 
in  what  are  known  as  the  sequels  of  those  diseases ; it  is  true  that  these 
occur  only  in  a small  proportion  of  cases,  but  the  same  holds  good  of  the 
tertiary  syphilitic  phenomena.  If  we  observed  moie  carefully,  it  is 
probable  that  the  sequels  of  the  exanthems  might  be  I'ecognised  much 
more  often  than  they  now  are ; and  that  many  of  the  diseases  classed  as 
“ strumous  ” — inflammations  of  the  eye,  the  ear,  or  the  skin,  or  again 
some  diseases  of  bones  and  joints — are,  at  any  rate  in  part,  the  tertiary 
consequences  of  some  specific  fever.  So,  too,  if  it  be  alleged  that  the 
stages  of  syphilis  may  be  shortened  and  otherwise  modified  by  treatment, 
whilst  those  of  the  other  exantheras  cannot,  we  may  reply  that  those  of 
the  latter  are  too  short  and  transitory  to  give  time  for  a fair  trial  of 
remedies ; and  further,  that  it  is  by  no  means  proved  that  mercury  given 
with  suflicient  vigour  and  promptitude  would  have  no  influence  over 
such  a disease  as  small-pox.  Syphilis  does,  fortunately,  differ  from 
most  of  the  other  specific  fevers,  in  that  its  virus  is  incapable  of  diffusion 
in  the  atmosphere,  and  that  consequent!}^  it  is  contagious  only,  and  not 
infectious  also ; but  it  is  by  no  means  solitary  in  this  feature. 

Etiology. — One  of  the  most  noteworthy  discoveries  of  recent  times  is 
that  of  the  specific  parasite  of  syphilis.  Schaudinn’s  Spirochmfa  jjallida  is  a 
very  slender  spiral  filament  with  serrated  borders.  It  possesses,  when  free, 
a rapid  undulatory  movement,  but  is  sometimes  found  in  masses  as  if 
agglutinated.  It  is  stained  with  difficulty.  This  organism  has  now  been 
identified  by  very  numerous  observers,  and  in  many  different  parts  of  the 
world,  and  there  can  be  no  doubt  that  it  is  frequently  present  in  large 
numbers  in  the  lesions  of  primary  and  secondary  syphilis.  It  has  been 
transferred  to  apes,  which  have  later  shewn  the  symptoms  of  syjjhilis. 
It  has  also  been  identified  in  the  lesions  of  “ Parangi  ” in  Ceylon,  a malady 
which  has  for  long  been  Avith  good  reason  claimed  as  syphilis.  Thus  far 
it  has  not  been  indisputably  discoA^ered  in  any  disease  not  of  a syphilitic 
nature ; Ave  may,  therefore,  Avith  some  confidence  assume  that  the  true 
causal  i^arasite  of  syphilis  has  been  discovered.  Its  discovery  has 
in  the  main  been  discounted  by  the  general  assumption  that  such  a 
parasite  must  exist.  This  assumption  Avas  made  Avhen  syphilis  Avas  first 
claimed  as  one  of  the  specific  fevers,  and  upon  it  modern  classifications  of 
the  stages  and  various  phenomena  of  the  malady  haA^e  had  their  basis. 
It  is  scarcely  to  be  ex^jected  that  Schaudinn’s  invaluable  demonstration 
Avill  do  much  to  advance  Avhat  careful  clinical  obserA'ation  has  already 
affirmed.  It  is,  hoAvever,  probable  that  it  may  lead  to  neAV  methods  of 
diagnosis  and  perhaps  of  treatment,  and  it  is  certain  that  it  Avill  add 
exactitude  to  research.  [For  description  of  the  parasite  see  article  on 
“Protozoa”  in  volume  on  “Tropical  Diseases  and  Animal  Parasites.”] 

Having  thus  defined  the  rank  Avhich  true  syphilis  ought  to  occupy  in 
our  nosological  classifications, — a point  of  the  utmost  importance  to  our 
correct  appreciation  of  its  nature, — Ave  may  next  ask  the  question, 
Avhether  under  this  name  Ave  have  to  deal  Avith  one  disease  or  Avith 
several.  EA'ery  surgeon  is  aAvare  that  there  are  many  A'enereal  sores 
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which  are  not  followed  by  syjihilis,  and  very  different  opinions  have  Ijcen 
entertained  of  the  relation  which  these  hold  to  the  real  disease.  Some 
have  assumed  that  there  are  se^'eral  distinct  ])oisons ; others  hold  that 
there  are  certainly  two.  Without  entering  at  length  into  the  contro- 
^■ersy,  it  may  be  remarked  that  the  evidence  in  favour  eithei-  of  jAunility 
or  of  duality^  has  always  been  quite  inconclusive.  Let  us  accept  clearlj’^ 
the  doctrine  that  all  forms  of  inflammation  are  attended  by  elements 
which  may  prove  contagious,  and  capable  of  producing  disorders  .similar 
to  those  in  which  they  have  originated,  and  we  shall  not  have  much 
difficulty  in  explaining  the  different  forms  of  non-syphilitic  venereal  sores. 
The  majority  of  the  latter  are  probably  abortive  inocidaiions.  In  the  per- 
formance of  vaccination  the  utmost  care  is  taken  to  secure  the  true  virus, 
yet  not  infreqtiently  abortive  sores  are  produced.  If  it  v^ere  the  practice 
to  inoculate  again  from  these  abortive  sores  when  suppurating,  we  might 
soon  produce  an  analogous  state  of  things  to  what  tve  now  have  in 
respect  to  the  soft  and  hard  chancre.  The  communication  of  syphilis  in 
social  life  is,  of  course,  a matter  of  mere  chance,  and  the  virus  with  which 
it  is  effected  can  be  but  very  seldom  in  a state  of  purity.  It  is  probable 
that  very  often  the  secretion  which  effects  it  does  not  contain  the  specific 
virus  of  syphilis  in  a form  capable  of  its  own  reproduction.  In  other 
instances  sores  may  result  from  inoculations  of  a mixed  secretion  con- 
taining the  true  virus,  but  with  it  an  irritant  capable  of  producing 
inflammatory  action  of  a kind  likely  to  be  destructive  to  its  a italitj-.  A 
chancre  which  ulcerates  quickly  may  a^ery  possibly  thus  ild  itself  of  a 
vims  which  avould  otheravise  have  gone  through  its  stage  of  incubation. 
Further,  ave  must  remember  that  this  stage  of  the  primaiy  sore  is 
transitory,  and  that  those  avho  have  once  had  it  but  seldom  have  it  again. 
A large  proportion  of  the  avomen  by  avhom  contagion  is  communicated 
have  had  syphilis  long  before,  and  are  incapable  of  originating  the  true 
adrus.  The  sores  aaffiich  they  present  are  analogous  to  those  caused  by 
vaccination  in  protected  persons.  These  considerations  aa'ould,  I feel 
confident,  enable  us  to  put  aside  the'  unnecessarj'  hypothesis  of  duality.- 
In  an  article  on  the  medical  aspects  of  syphilis  any  detailed  con- 
sideration of  the  primary  symptoms  avould  be  out  of  place.  It  may  be 
sufficient  to  say  that  the  success  of  a syphilitic  inoculation  is  denoted  by 
the  formation  of  a base  of  induration  beneath  the  abrasion  first  noticed  j 

’ Surely  it  is  absurd  to  speak  of  the  “duality”  of  things  which  have  scarcely  any 
features  in  common.  Tlie  production  of  constitutional  phenomena  is  the  essential  feature  of 
syphilis,  and  as  thus  denoted  there  are  not  two  forms  of  sy])hilis.  We  may  freely  admit 
that,  in  impure  sexual  intercourse,  fluids  of  very  various  qiialities  and  endowments  may  be 
inoculated,  and  thus  very  different  kinds  of  local  ulcers  may  result,  but  there  is  only  one 
jHDison  which  can  produce  syphilis. 

- It  is  a plausible  conjecture  that  in  the  non-infecting  chancre  which  never  indurates 
the  sjiecific  para.site  is  not  present  but  only  its  jiroducts.  The  recent  discovery  of  the 
*pirochaeta  may  )>e  expected  to  afford  important  elucidation  ol  this  jioint.  That  the  nou- 
infecting  “ soft  ” sore  is  in  some  way  connected  with  true  syphilis,  no  one  can  doubt.  1 hose 
who  do  not  consider  the  evidence  as  regards  Ducrey’s  bacillus  conclusive  may  regard  it  as 
j.'eisible  that  the  Aj,ir>^.hola  refriiujens  is  the  cause  of  the  non-infecting  or  soft  soiv.  The 
sores  spoken  of  as  chancroids  are,  however,  very  variable  in  character,  and  may  not  all  bo 
due  to  the  same  parasite. 


346 


SYSTEM  OF  MEDICINE 


that  this  induration  is  seldom  well  characterised  until  three  weeks  or  a 
month  after  the  contagion  ; that  it  is  usually  attended  by  very  little  either 
of  ulceration  or  suppuration,  and  that  it  causes  an  enlargement  of  the 
proximal  lymphatie  glands.  The  buho  shews  the  same  tendencies  as 
does  the  chancre.  There  is  hardness,  with  hut  little  swelling,  and  rarely 
much  tendency  to  the  formation  of  pus.  These  characters  will  usually 
be  the  same,  or  nearly  the  same,  in  both  sexes,  at  all  ages,  and  on  all 
parts  of  the  body.  It  must,  however,  be  freely  admitted  that  many 
chancres  which  infect  are  yet  never  indurated.  Some  writers  hold  that 
certain  parts  never  exhibit,  when  inoculated,  the  phenomenon  of  induration. 
Chancres  with  well-characterised  induration  may,  however,  be  met  Avith  in 
most  various  positions  ; for  example,  in  the  glans  penis,  the  nipple,  the 
lips,  the  eyelids,  the  hands,  and  so  on. 

Secondary  Symptoms. — A successful  inoculation  haAungbeen  effected, 
a loerioci  of  incubation  ensues  which  may  last  from  one  to  three  months, 
and  usually  averages  about  eight  weeks.  During  the  latter  part  of  this 
period  the  patient  is  often  sensible  of  some  malaise  and  discomfort,  and 
may  be  feA^erish  in  the  evening.  At  length  an  exanthem  makes  its 
appearance,  affecting  both  the  skin  and  the  mucous  membranes.  The 
skin  shoAvs  a sciittered  eruption,  Avhich  may  A^ary  very  considerably  in 
some  of  its  characters,  but  usually  conforms  to  rule  in  being  of  a coppery 
hue,  and  in  preferring  the  fronts  of  the  limbs  to  their  dorsal  aspects. 
This  rash  may  be  merely  congestive,  resembling  that  of  measles  ; or  it 
may  be  scaly,  papular,  eczematous,  pustular,  framboesial,  or  bullous.  In 
some  feAv  cases  it  is  attended  by  ulceration,  but  as  a rule  it  invades  only 
the  superficial  layers  of  the  skin,  dift'ering  in  this  respect  from  the  tertiary 
manifestations.  There  is  not  the  slightest  reason  for  believing  that  these 
differences  in  the  character  of  the  exanthem  imply  difference  in  the 
nature  of  the  virus.  Chancres  exactly  corresponding  in  their  characters 
may  be  folloAved  by  most  diverse  kinds  of  eruption.  Simultaneously  Avith 
the  eruption  on  the  skin  Ave  usually  observe  evidences  of  similar  implica- 
tion of  the  mucous  surfaces.  On  the  tonsils  symmetrical  ulcers  form; 
these  ulcers  are  often  of  kidney-shape,  and  liaA'^e  a grey  base  Avith  abrupt 
edges.  They  are  attended  by  biit  little  pain,  and  do  not  spread  much 
either  laterally  or  in  depth.  They  are  often  attended  iDy  a silvery  AA’hite 
discoloration  of  the  adjacent  mucous  membrane,  Avhich  may  suggest  a 
comparison  Avith  the  tracks  left  by  snails.  After  lasting  for  a fcAv  Aveeks 
they  usually  heal.  These  tonsillar  ulcers  are  rarely  absent  through  the 
Avhole  of  the  exanthematous  stage,  but  they  may  often  require  carefid 
search.  Very  often,  but  not  nearly  so  constantly,  aa'^o  obserA'^e  also  certain 
superficial  patches  of  inflamed  mucous  membrane  in  the  mouth,  on  the 
pharynx,  palate,  tongue,  or  cheeks.  On  the  tongue,  at  the  corners  of  the 
mouth,  and  sometimes  in  other  positions  also,  these  patches  become  ACiy 
considerably  raised,  and  assume  the  condition  knoAvii  as  condyloma.  If 
condylomas  be  observed  in  the  pharynx,  they  Avill  almost  always  be 
found  in  the  anus  also,  and  conversely.  They  are  to  be  regarded  as 
patches  of  cutaneous  ei-uption  modified  by  their  position  and  by  the 
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moisture  of  the  parts.  Whether  or  not  in  these  cases  any  eruption 
extends  through  the  alimentary  canal  is  a point  upon  -which  we  have  no 
evidence.  That  there  is  in  this  stage  a tendency  to  overgi-owth  as  well 
as  to  intlammatoiy  changes  is  jjroved  by  the  occa.sional  production  of 
well-characterised  papillomas,  especially  on  the  tongue.^ 

The  exanthem  usually  takes  from  a fortnight  to  a month  before  it  is 
fully  out,  and  about  two  months  are  usually  occupied  in  its  gradual 
decline.  In  some  cases  it  is  very  transitory ; in  some  it  is  greatly  pro- 
longed. When  it  is  at  its  height,  or  just  when  it  begins  to  decline,  there 
occni-s,  in  exceptional  cases,  an  inflammation  of  the  eye.  The  iritis,  when 
it  happens,  is  usually  symmetrical.  It  is  attended  by  the  free  effusion  of 
lymph,  often  in  elevated  nodules  of  a salmon  or  rust  tint ; the  character- 
istic zone  of  ciliary  congestion  is  usually  well  marked,  and  there  is  often 
a dotted  deposit  in  the  posterior  lamina  of  the  cornea.  In  other  cases, 
instead  of  iritis  or  coincident  -\Aath  it,  inflammation  of  the  retina  occurs. 
The  retinitis  is  usually  a little  later  than  the  iritis,  and  we  rarely  see  it 
until  the  eruption  on  the  skin  is  disappearing.  This  form  of  retinitis  is 
not  very  uncommon,  and  is  a very  insidious  and  most  important  malady. 
The  patient  notices  nothing,  excepting  that  his  sight  is  very  dim ; he  has 
no  pain,  no  congestion  of  the  front  of  the  eye,  no  intolerance  of  light. 
The  ophthalmoscope  shews  us  the  retina  hazy,  and  as  if  stained  with  port 
wine ; the  optic  disc  slightly  swollen  and  its  margins  indistinct ; and 
occasionally  numerous  small  extravasations  of  blood  are  seen.  Very 
frequently,  in  association  both  with  iritis  and  retinitis,  the  vitreous  body 
is  also  affected,  and  a cloud  of  opacities  resiilt.  These  may  lead  to 
difficulty  in  the  I’ecognition  of  the  precise  state  of  the  retinae. 

It  is  cuirently  supposed  that  syphilitic  iritis  may  occur  at  almost  any 
period  in  the  course  of  the  disease.  I speak  after  close  attention  to  this 
subject,  when  I assert  that  all  our  well-marked  examples  of  this  disease 
present  themselves  amongst  the  secondary  phenomena.  From  three  to 
six  months  after  the  chancre  is  their  usual  date.  When  once  iritis  has 
occuiTcd,  and  adhesions  have  been  left,  relapses  are  liable  to  happen ; and 
this  has  led  to  the  error  which  I am  endeavouring  to  confute.  In  these 
relapsing  cases,  however,  the  symptoms  are  very  diflerent  from  those  of 
the  first  attack.  The  effusion  of  lymph  is  much  less  free,  no  nodules  are 
seen,  and  rarely  are  both  eyes  simultaneously  affected.  There  is  almost 
always  either  rheumatism  or  true  gout. 

Whilst  the  local  phenomena  just  mentioned  are  occurring,  there  are 
usmdly  present  others  of  a less  definite  character.  The  patient  loses  flesh, 
he  is  restle.ss  and  slightly  feverish,  the  appetite  is  deficient,  the  bones  and 
joints  ache,  arifl  the  hair  becomes  dry  and  thin.  Now  and  then  swellings 
wcur  on  certain  bones,  more  especially  on  those  of  the  skull ; but  in  this 
stage  periostitis  is  always  slight  and  transitory,  and  never  suppurates. 

’ See  a figure  of  papilloniatonfl  growths  on  the  dorsum  of  the  tongue  not  condyloniatous, 
in  Ill>isl,ral.ii/ns  of  OHniml  Suri/ery,  Plate  LVIl.  Fig.  2.  The  demonstration  of  the  occur- 
rence of  these  hyfiertropliies  of  pajiillie,  as  well  as  tlie  moililications  in  tlie  condyloma,  is  of 
much  imiKjrtance  in  connexion  witli  “ framho-sial  syidiilis.  ” 
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At  this  stage  also  the  patient  may  suddenly  become  deaf  in  one  or  both 
ears,  and  now  and  then  facial  paralysis  attends  the  deafness. 

Such  are  the  various  symptoms  which  mark  what  is  called  the 
secondary  stage  of  syphilis  when  not  treated  by  mercury.  In  many  cases 
oidy  a few  of  them  occur,  the  rash  on  the  skin  and  the  nlcers  in  the 
tonsils  being  the  most  constant.  In  many  individuals  all  the  secondary 
.symptoms  have  disappeared  within  six  months  of  the  original  contagion  ; 
but  in  a larger  number  a year  elapses  before  such  is  the  case.  It  is  lare 
for  any  s3^mptoms  belonging  to  the  secondary  group  to  linger  after 
eighteen  months  have  passed,  although  their  effects  are  often  seen  much 
later.  That  these  symptoms  may  disappear  in  a most  satisfactory  manner, 
quite  irrespective  of  any  efficient  treatment,  is  confirmed  by  every  day’s 
experience.  The  statements  just  made  are  supposed  to  apply  to  cases  in 
which  mercury  has  been  avoided. 

Recurring  Eruptions. — Although  it  is  true,  as  just  stated,  that  the 
secondary  stage  is  never  repeated  unless  a fresh  inocidation  has  occurred, 
it  must  be  admitted  that  in  rare  instances  generalised  eruptions  do  occni- 
at  long  intervals  subsequent  to  apparent  cure,  which  it  is  exceedingly 
difficult  to  distinguish  from  those  of  the  secondary  stage.  Such  cases 
h.ave  been  recorded  both  by  M.  Fournier  and  myself.  Sometimes  more 
than  one  such  attack,  with  intervals  of  several  years,  may  occur  in  the 
same  individual.  Tlie  eruption  is  usually  a quite  superficial  one,  closely 
resembling  that  known  as  pityriasis  rosea,  and  disajjpears  veiy  quickly 
and  completely  when  mercury  is  given.  It  is  never  attended  by  fever  or 
sore  throat,  and  its  subjects  are  sometimes  married  men  whose  recently 
born  children  shew  no  signs  of  taint,  and  whose  wives  remain  unaflPected. 
All  the  recorded  observations  have  been  made  in  cases  in  which  prolonged 
mercurial  treatment  had  been  used. 

Syphilis  Maligna. — The  term  “malignant  syphilis”  is  applied  to 
certain  cases  which  rnn  a rapid  and  severe  course,  and  do  not  easily 
yield  to  specifics.  It  used  to  be  thought  that  the  tertiary  stage  followed 
precipitately  on  the  secondary,  but  this  is  not  exactly  the  truth. 
Ulcerating  lesions  and  great  failure  of  health  do  undoubtedly  characterise 
the  cases  called  malignant,  but  they  are  not  strictly  tertiary.  It  is  the 
tendency  to  ulcerate  and  not  the  production  of  gummas  which  forms  the 
paramount  feature  in  these  cases.  In  some  instances  this  malignant 
severity  is  the  residt  simply  of  neglect  of  early  treatment,  and  in  these 
the  judicious  u.se  of  specifics  is  usually  promptly  effectual.  Others  and 
more  serious  cases  are  those  in  which  mercury  has  been  used  too  freely 
for  a while,  and  under  necessity  abandoned,  but  these,  too,  are  hopeful. 
The  worst,  and  fortunately  the  rarest,  are  those  in  which  the  patient 
shows  idiosyncrasy  as  regards  mercury.  In  some  of  these  even  \ ery 
small  doses  cause  ptyalism  and  inflammation  of  the  throat  and  mouth, 
and  treatment  becomes  extremely  difficult.  It  avails  little  to  change  the 
mode  of  administration,  and  the  only  plan  is  to  send  the  patient  to  the 
sea,  and  to  combine  quinine  with  the  mercury,  ciirefully  adjusting  the 
dose  of  the  latter  from  week  to  week.  In  almost  all  cases  of  malignant 
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syphilis  mercury  is  still  the  remedy,  and  in  many  it  must  he  used 
boldly. 

Tertiary  Symptoms. — ^Vhen  the  group  of  secondary  symptoms  has 
piissed  away  there  usually  follows  a period  of  apparent  health,  during 
which  the  patient  may  believe  himself  wholly  cured.  The  interval 
between  the  well  characterised  secondary  and  the  well  characterised  tertiary 
symptoms  is  one  of  ditterent  degrees  of  immunity  in  diflerent  cases.  In 
many  persons,  probably  in  a large  majoritj^,  the  disease  becomes  wholly 
latent,  and  the  patient  experiences  nothing  whatever  to  remind  him  of  his 
taint.  In  many  others,  however,  recurrences  of  symptoms,  which  it  is 
ditticult  to  assign  to  either  gi’oup,  continue  to  shew  themselves.  Super- 
ficial sores  on  the  tongue  or  the  mucous  membrane  of  the  mouth,  isolated 
patches  of  scaly  or  desquamating  eruption  on  the  skin,  especially  psoriasis 
palmaris,  are  the  most  frequent  of  these.  Sometimes  they  are  sym- 
metrical ; at  other  times  not  so.  Such  symptoms  may  continue  to  recur 
for  man}’^  years  after  the  contagion.  They  probably  depend  rather  on 
I)ermanent  tissue-contamination  than  on  still  existing  blood-disease.  At 
any  rate  it  may  be  safely  asserted  that  we  never  witness  any  true  recur- 
rence of  the  secondary  epoch.  The  eruption  is  rarely  very  copious,  and 
is  rarely  of  such  a character  as  to  deceive  an  experienced  eye ; nor  is  it 
attended  by  the  ulcers  on  the  tonsils,  or  iritis,  which  are  so  common  in 
the  secondary  stage.  In  rare  instances,  at  an  interval  of  perhaps  a year 
or  eighteen  months  after  infection,  a relapse  of  a general  symmetrical 
i-ash  may  occur.  This  rash  may  assume  the  form  of  rupia,  and  be 
attended  by  severe  constitutional  symptoms. 

Speaking  generally,  however,  after  an  interval,  which  may 
vary  in  length  from  a few  months  to  a few  years  after  the  cessation  of 
secondary  phenomena,  symptoms  of  a different  kind  may  ensue.  Inflam- 
matory indurations  of  a chronic  character,  and  tending  slowly  to  softening 
and  ulceration,  occur  in  the  deep-seated  tissues,  or  in  the  deeper  parts  of 
the  superficial  ones.  In  this  way  the  skin,  the  subcutaneous  tissue,  the 
periosteum,  the  muscles,  the  internal  viscera,  the  organs  of  special  sense, 
and  even  the  cerebrospinal  system  itself,  may  be  attacked.  A remark- 
able diflerence  is  to  be  observed  between  secondary  and  tertiary  symptoms 
as  regards  the  symmetry  of  the  inflammations  produced.  In  the 
.secondary  stage  a most  definite  tendency  to  symmetry,  often  very  exact, 
is  observed,  proving  that  the  producing  cause  is  free  in  the  blood,,  and  is 
supplied  impartially  to  both  halves  of  the  body.  lu  the  tertiary  stage 
the  lesions  are  often  single,  oi',  if  multiple,  they  display  but  little 
accuracy  of  symmetrical  arrangement.  This  implies  that  they  result 
from  di.sturberl  organi.sation  of  the  solids,  rather  than  from  any  poison 
still  existing  in  the  cii’culating  fluids.  'I'he  occurrence  of  the  tertiary 
.symptoms  is  to  be  explained  b}^  the  fact,  that  during  the  exanthematous 
stage,  when  the  whole  blood  was  loaded  with  the  virus,  the  various  solids 
receiverl  the  elements  neces.sary  for  their  growth  from  poisoned  blood. 
Hence  an  impaiirnent  of  organi.sjition  in  such  ti.ssucs,  and  a liability  under 
slight  exciting  causes,  or  even  in  the  ordinary  course  of  nutritional 
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change,  to  the  occurrence  of  specific  forms  of  inflammation.  It  is  easy 
to  see  that  in  syjjhilis,  Avith  its  very  prolonged  period  of  blood-poisoning, 
the  risk  of  permanent  tissue-modification  must  be  much  greater  than  in 
the  other  fevers.  During  the  exanthem  stage  of  small-pox  probably  but 
little  in  the  way  of  nutrition  is  effected ; the  changes  being  chiefly  those 
of  A\mste  and  disintegi-ation.  From  this,  it  almost  necessarily  folloAvs  that 
the  more  prolonged  and  seAmre  the  secondary  stage,  the  greater  the  risk 
of  tertiary  symptoms. 

The  folloAving  is  a statement,  in  tabular  form,  of  the  various  symptoms 
<jf  the  different  stages  of  syphilis  : — 


1st  Stage. — Inoculation  and 
Incubation. 

Average  duration,  si.x  weeks 
to  tAVo  months. 


An  ulcer  Avith  indurated  base  and  but  very 
scanty  secretion.  Induration  of  the  nearest 
lymphatic  glands,  Avith  but  little  adjacent  in- 
flammation or  tendency  to  suppurate. 


2nd  Stage. — The  Humoral  or 
Exanthem  stage,  that  of 
secondary  symptoms. 

Average  duration,  t\A'o  to  six 
months  ; may  extend  OAmr 
a year,  oreven  much  longer. 
Lesions  general,  symmetri- 
cal, and  not  serpiginous. 


Symmetrical  ulcer-s  on  the  tonsils,  not  spread- 
ing either  in  Avidth  or  depth.  A symmetrical 
eruption  on  the  skin.  Condylomatous  jjatches 
on  the  mucous  surfaces,  and  on  the  skin  adjacent 
to  the  mucous  orifices,  usually  symmetrical. 
Iritis,  retinitis,  or  otitis  ; mostly  symmetrical. 
Pains  in  bones  and  joints.  Febrile  disturbance. 
Loss  of  hair.  Slight  enlargement  of  lymphatic 
glands  in  all  parts.  Arteritis  and  other  affec- 
tions of  the  blood-vessels. 


3rd  Stage. — Interval  of  la- 
tency or  of  relajMcs. 

May  vary  from  a I'eAV  months 
to  many  years.  Symptoms 
usually  persistently  local. 


In  most  cases  the  patient  is  Avholly  free  from 
symptoms,  but  in  a certain  number  reminders 
occur  from  time  to  time  in  the  form  of  scattered 
scaly  patches  or  rings,  especially  on  scrotum, 
])soriasis  palmaris,  sores  on  the  tongue,  lips,  etc. 
Recurring  herpes  on  genitals,  or  in  mouth. 


4th  Stage.  — Tertiary  symp- 
toms or  sequels.  The  stage 
of  gummas. 

Of  uncertain  duration,  and 
often  characterised  by  a 
remarkable  tendency  to 
relapse.  Lesions  local, 
not  symmetrical,  and  fre- 
([ueiitly  serpiginous. 


Asymmetrical  ulcerations  in  the  mouth  and 
throat,  tending  to  spread  Avidely  and  deeply. 
Asymmetrical  lupoid  ulcerations  of  the  skin. 
Nodes  of  periosteum,  cellular  tissue,  muscle, 
tendon,  fascia,  or  nerve ; not  usually  symmetri- 
cal, chronic  in  progress,  tending  to  ulcerate  or 
even  to  slough.  Diseases  of  viscera,  blood- 
vessels, and  nervous  system. 


Having  thus  sketched  the  normal  coarse  of  syphilis  in  its  several 
stages  and  its  sequels,  Ave  must  next  consider  the  conditions  under  Avhich 
its  orderly  evolution  may  be  interfered  A\uth.  These  conditions  are, 
Avith  one  very  important  addition,  the  efiects  of  specific  treatment, 
precisely  the  same  as  those  Avhich  may  disturb  the  course  of  any  other 
exanthem.  We  have,  1st,  idiosyncrasy;  2nd,  the  coexistence  of  some 
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diathesis  or  of  some  other  specific  disease  ; 3rd,  immunity,  partial  or  com- 
plete, obtirined  by  a previous  attack  of  the  same  disease ; 4th,  inherited 
immunity,  partial  or  complete ; 5th,  imperfect  inoculation ; Gth,  the 
influence  of  treatment. 

1st,  As  regards  idiosyncrasy,  I may  simply  remark  that  it  is  a matter 
of  general  experience  that  certain  constitutions  resist  the  specific  animal 
poisons  in  a most  remarkable  manner ; and,  on  the  other  hand,  u^e 
meet  ■with  those  Avho  succumb  easily  and  suffer  severely.  We  ai'e  unable 
to  offer  any  explanation  of  this.  The  influence  of  these  inexplicable 
peculiarities  in  individuals  is  frequently  observed  in  reference  to  syphilis. 

2nd,  The  existenee  of  some  special  diathesis  or  of  some  other  specific 
fever  at  the  time  of  syphilitic  inoculation  may  modify  the  course  of  the 
latter.  Possibly  we  overrate  rather  than  otherwise  the  effects  of  these 
influences.  Although  it  is  not  infrequent  to  find  a delicate  scrofulous 
subject  suffering  with  unusual  severity  from  syphilitic  poisoning,  yet 
the  converse  is  almost  equally  common ; we  often  see  the  delicate 
escape  easily  and  the  robust  suffei'  very  severely.  There  can  be  little 
doubt,  however,  that  the  tendency  to  suppuration  and  ulceration  is 
much  greater  in  those  of  fair  skin  and  sanguine  temperament  than  it  is  in 
others.  The  influence  of  diathesis  (scrofula)  also  often  makes  itself  felt  in 
preventing  recourse  to  specific  treatment.  There  is  probably  no  reason 
to  believe  that  the  existence  either  of  a special  diathesis  or  of  aiiother 
specific  fever  will  materially  modify  the  duration  of  the  several  stages  of 
syphilis. 

3rd,  A previous  attack  of  the  same  disease  is  well  known  to  exert  a most 
important  influence  upon  the  course  of  a second  in  the  same  individual. 
It  is  generally  understood  that  syphilis,  once  had,  is  protective  in  the 
majority  of  cases  against  any  second  attack ; and  second  attacks  when 
they  do  occur  are  much  modified.  There  is  reason  to  believe  that  second 
inoculations  are  common,  and  that  they  usually  end  in  the  production 
only  of  the  soft  chancre  (abortive  sore).  It  is,  however,  quite  certain 
that  second  infections  of  syphilis  may  be  followed  by  the  full  phenomena 
of  the  disease. 

4th,  Of  yet  “ivider  importance  is  the  question  of  the  influence  of 
disease  in  the  piarent  in  affording  pvtection,  partial  oi'  complete,  to  the  offspiing. 
If  we  grant,  as  we  must,  the  two  postulates^ — -first,  that  syphilis  is 
transmissible  to  offspring ; and,  secondly,  that  it  is  protective  for  a certain 
time  against  second  contagion — then  we  are  obliged  to  admit  that  just 
as  the  disease  itself  may  be  transmitted,  so  may  the  immunity  which  it 
affords.  Here  again  it  is  very  difficult  to  obtain  trustworthy  clinical 
evidence  on  which  to  build.  There  can  be  little  doubt  that  those  who 
have  .suffered  in  infancy  from  inherited  disease  are  to  some  extent  pro- 
tected. They  are  in  a similar  position  to  those  who  have  passed  through 
the  acquired  disease.  This,  however,  is  not  the  whole  question.  e 
have  to  ask  whether  the  offspring  of  tho.se  who  have  recently  had  syj)hilis, 
but  in  whom  no  evidences  of  inheiitcd  taint  have  occurred,  are  yet  in 
some  degree  protected  ? Can  a ])arcTit,  without  transmitting  the  disease. 
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yet  transmit  a constitution  in  some  measure  immune?  The  affirmative 
may  be  held  to  lie  probable,  and  the  degree  of  immunity  may  be  supposed 
to  be  in  direct  relation  with  the  shortness  of  the  interval  since  the  disease 
occurred  in  the  parent. 

Second  infection  usually  results  in  the  production  of  a much  milder 
form  of  the  disease.  This  is  what  occurs  in  cases  of  small-pox  after 
vaccination,  and  after  a previous  attack  of  the  true  disease.  It  is  surely 
impossible  to  believe  that  the  constitution  of  a person  who  has  passed 
through  the  stages  of  any  of  these  diseases  ever  again  returns  to  precisely 
the  same  condition  in  relation  to  the  virus  in  question  that  it  held  before. 
It  is  equally  inconceivable  but  that  some  share  of  this  peculiarity  shall 
be  transmitted  to  offspring.  A child  born  of  parents  neither  of  whom  is 
liable  to  small-pox  or  to  syphilis,  as  the  case  may  be,  must  be  in  a 
different  position,  as  regards  those  diseases,  from  the  child  of  parents 
both  of  whom  are  liable.  Now,  it  is  a matter  of  well  proven  observation 
that  any  specific  disease  will  be  especially  severe  when  imported  into  a 
community  previously  free  from  it.  The  ravages  of  small-pox  iii  a virgin 
race  is  something  far  beyond  what  is  ever  known  in  a community  long 
accustomed  to  the  disease.  There  are  also  some  reasons  for  believing  that 
during  the  last  two  centuries  syphilis  has  become  a milder  disease  than 
it  was  when  it  first  invaded  Europe.  This  amelioration  we  may  explain 
by  recourse  to  the  hypothesis  above  suggested ; ^ but  in  doing  so  it  must 
be  borne  in  mind  that  improved  treatment  may  have  had  its  share." 

Lastly,  we  have  to  ask  the  all-important  question,  viludher  the  ordimiri/ 
evolution  of  syphilis  can  he  altered  in  any  way  by  measures  of  treatment.  It 
will  probably  be  admitted  that  physicians  have  abandoned  the  notion 
that  it  is  practicable  by  medication  to  regulate  in  any  way  the  course  of 
the  other  exanthems.  They  are  generally  acknowledged  to  be  diseases 
which  always  run  their  course.  No  single  specific  in  the  present  day 

' This  subject  will  be  found  very  ably  treated  in  Mr.  Lee’s  Lectures  on  Si/philis  (Lecture 
XL  p.  209).  1 published  in  the  lirdish  Medical  JonnuU  some  ca.ses  in  which  patients 

who  had  sull’ered  from  inherited  syphilis  subsequently  contracted  venereal  sores.  These 
cases  were,  I believe,  the  first  facts  relating  to  the  subject  which  had  been  recorded.  Others 
had  arrived  at  the  same  conclusions,  but  it  was  by  a 2wiori  reasoning  rather  than  by 
deduction  from  observations.  Subsequently  I published  a case  in  which  a patient  who  was 
the  subject  of  inherited  taint  not  only  contracted  a venereal  sore,  but  e.xperienced  an  out- 
break of  constitutional  symptoms.  I recorded  a number  of  observations  bearing  on  this 
subject  in  the  second  volume  of  the  London  Hospital  Reports. 

If  we  reflect  on  the  mode,  in  which  syphilitic  inoculation  is  usually  effected,  the  wonder 
will  be,  not  that  apparent  varieties  both  in  primary  and  secondary  symptoms  occur,  hut 
that  the  disease  is,  as  a rule,  so  uniform  as  it  undoubtedly  is.  Here,  if  anywhere,  are  the 
conditions  under  which  we  might  e.xpect  a new  species  to  originate.  In  the  first  place  the 
virus  is  constantly  mi.xed  with  other  secretions,  and  very  frequently  with  those  of  inffani- 
matory  origin.  In  a great  many  instances  the  person  from  whom  the  contagion  is  received 
is  one  whose  own  body  has  been  previously  rendered  to  some  extent  proof  against  the  disease. 
Most  prostitutes  probably  suffer  from  syphilis  early  in  life,  and  during  the  greater  part  of 
the  perioil  during  which  they  continue  their  vocation  are  incapable  of  being  themselves  again 
infected  bv  true  svnhiiis,  although  still  liable  to  contract  and  to  transmit  primary  sores  of  a 
modified  character.*  Further,  not  only  must  we  make  allowance  for  dillerences  in  the  kiml 
of  secretion  with  which  the  inoculation  is  effected,  hut  also  for  differences  in  the  recipient  s 
state  as  regards  it.  Hence  the  differences  in  the  cutaneous  r.ash  which  follows— troiii  a 
roseola  to  psoriasis  and  to  riipia. 
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enjoys  ;inv  rejmte  for  cutting  short  the  course  of  tliese  diseases.  But  we 
must  by  no  means  assume  n fr'm'i  that  the  same  will  hold  true  as  to 
syphilis.  It  is  possible  that  the  stages  of  the  other  exanthems  are  too 
short  to  permit  of  the  beneficial  iuHuence  of  antidotes.  Few  questions 
in  therapeutics  have  been  more  hotly  debated  than  the  efficiency  of 
certain  drugs  in  syphilis.  By  some  their  specific  power  has  been  posi- 
tively asserted,  by  others  as  strenuously  denied.  ^^'hen,  in  18G6,  I 
wrote  for  Reynolds’s  S;/steni  of  Medicine  the  article  on  Syphilis  upon  cvhich 
the  present  one  is  based,  I recorded  the  opinion  that  it  was  not  jmssible 
to  prevent  the  secondary  phenomena  by  mercury.  During  the  years 
which  have  since  elapsed,  however,  great  progress  has  been  made,  and 
it  is  now  justifiable  to  write  that,  if  treatment  be  begun  early  and  effi- 
ciently carried  out,  it  is  jierfectly  possible  to  suppress  syphilis  and  to 
prevent  the  occurrence  of  any  of  the  humoral  group  of  symptoms.  If 
mercury  be  begun  as  soon  as  the  state  of  the  soi'e  permits  of  diagnosis, 
and  continued  without  intermission  in  small  but  adequate  dose.s,  the 
patient  will  usually  entii'ely  escajje  the  whole  series  of  symptoms  which 
constitute  the  secondary  stage.  He  will  have  neither  fever,  eruption, 
soi-e  throat,  nor  bone-pains.  A most  interesting  and  conclusive  proof  that 
the  disease  is  really  thus  held  under,  as  it  were,  by  the  drug,  is  derived 
from  the  observation  that  if  the  latter  be  left  ofl’  prematurely  an  eruption 
will  make  its  appearance  about  six  weeks  later.  Such  eruptions  are, 
however,  always  xevj  mild,  and  yield  at  once  when  the  remedy  is 
resumed.  It  would  appear  that,  in  many  cases,  a year’s  administration 
of  the  remedy,  without  any  intermissions,  is  necessary  to  the  permanent 
suppression  of  the  disease.  For  twenty  years  past  I have  been  practising 
this  early  and  continuous  method,  and  can  speak  definitely  as  to  the 
uniformity  of  the  results.  The  details  of  this  treatment  will  come  under 
consideration  later ; for  the  present  I allude  to  the  subject  chieflj’’  in 
order  to  emphasise  the  truth  that  we  have  in  mercury  a drug  which  is 
powerful  to  suppress  the  phenomena  of  syphilis  and  to  change  the 
course  of  their  evolution.  It  is  too  soon  to  make  any  attempt  to  prove 
that  patients  so  treated  are  less  liable  than  others  to  tertiary  affections, 
but  so  far  my  experience  has  been  that  they  escape  the  class  of  phenomena 
grouped  as  “ i-eminders  ” (the  intermediate  stage)  and  are  to  all  appear- 
ance cured.  It  may  not  be  out  of  place  to  remind  the  reader  that  under 
the  older  surgeons,  who  did  not  attempt  any  dift'erential  diagnosis  of 
chancres,  vigorous  mercurial  treatment  was  usually  commenced  at  once, 
and  mercury  pushed  to  profuse  ptyalism  was,  with  many,  the  remedy  for 
all  forms  of  venereal  sore  at  a A’ery  early  stage.  It  is  not  improbable 
that  in  this  somewhat  haphazard  manner  success  was  not  infrequcntl}' 
obtained  in  suppressing  the  disease  entirely.  There  Avas,  hoAvever,  much 
ri.sk  of  failure  from  the  habit  of  giving  laige  doses  and  very  short  courses. 

Modes  of  Communication. — While  the  other  exanthems  are  for  the 
mrmt  part  communicable  only  by  direct  contagion  or  infection  to  the 
individual  concerned,  .syphilis,  .in  consequence  of  its  very  protracted 
duration,  may  be  conveyed  in  any  one  of  four  diflerent  modes.  hrsl, 
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contagion  direct  to  tlie  individual ; second,  contagion  indirect  through 
the  fojtus  (possible  only  in  women) ; third,  contagion  from  a mother,  who 
acquires  syphilis  during  her  pregnancy,  to  a previously  healthy  foetus ; 
and,  fourth,  by  sperm-  or  germ-transmission  at  the  date  of  conception. 

The  period  during  which  direct  contagion  is  po.ssible  extends  from 
the  first  appearance  of  the  chancre  to  the  end  of  the  humoral  or  secondary 
stage.  The  primary  sore  is  perhaps  moi'e  actively  contagioxis  than  are 
any  lesions  which  may  occur  in  the  secondary  stage,  but  there  can  be 
no  doubt  that  under  favourable  conditions  the  disease  may  be  con- 
veyed by  the  latter.  When  syphilis  is  communicated  to  a mother  by 
contamination  from  the  fluids  of  a foetus  with  which  she  is  pregnant,  the 
course  of  the  disease  is  materially  different  from  -what  it  is  when  received 
by  other  means.  As  a rule  the  woman  shews  no  symptoms  during  her 
pregnancy,  and  may  appear  to  be  in  perfect  health.  This  may  happen  in 
repeated  pregnancies,  and  throughout  there  may  be  nothing  to  shew  that 
the  maternal  fluids  have  been  in  any  way  contaminated.  That  they 
do,  however,  invariably  receive  some  taint,  is  proved  by  the  observation 
that  such  mothers  never  (with  the  very  rarest  exceptions)  contract 
chancres  from  nursing  their  infected  infants  (Colies’  law).  They  are 
protected.  In  many  cases,  however,  such  mothers  do  subsequently  sufler 
from  definite  maladies  more  or  less  closely  resembling  those  of  the 
tertiary  class.' 

JFhen  si/philis  is  transmitted  from  parent  to  offspring  various  important 
peculiarities  are  observed  in  its  manifestations.  In  the  first  place,  the 
phenomena  of  the  secondary  and  tertiary  stages  may  seem  to  occur 
together  ; or  at  any  I'ate  we  have  a superficial  rash  on  the  skin  resem- 
bling a secondary  one,  coincident  with  nodes  on  the  bones  and  with 
deposits  in  the  viscera.  These  cases  are,  however,  exceptional ; as  a rule 
the  stages  occur  as  in  the  adult,  the  secondary  rash  di.sappearing  after  a 
few  months,  and  a prolonged  period  of  health  intervening  before  the 
tertiary  symptoms  .shew  themselves.  It  is  possible  when  severe  disease 
of  the  bones  or  viscera,  or  both,  occurs  in  young  infants  simultaneously 
with  skin  eruptions,  that  we  ought  to  regard  such  lesions  as  being  merely 
very  severe  secondary  phenomena.  Unless  fatal  they  are  trairsitory  and 
very  diflerent  from  the  chronic  affections  of  the  true  tertiary  class  to 
which  the  subjects  of  inherited  taint  are  liable  in  after  years.  The  cflect 
of  the  syphilitic  poison  upon  the  ovum  is  in  many  instances  to  destroy 
its  vitality  at  an  early  period,  and  consequently  to  induce  abortion. 
This,  however,  is  far  from  being  its  constant  effect.  In  the  majority  of 
such  conceptions  the  tainted  foetus  is  carried  to  its  full  period.  I?i 

^ I am  aware  that  many  cases  have  been  published  in  which  contamination  from  the 
fcetiis  was  held  to  explain  severe  outbreaks  of  secondary  syphilis.  ^\  ithout  venturing 
to  deny  or  even  to  doubt  such  a possibility,  I may  yet  suggest  that  in  many  or  possibly  m 
all  of  these  the  primary  sore  had  been  overlooked.  As  regards  the  third  mode  we  liave  no 
facts  in  proof  that  syphilis  so  acquired  diflers  from  that  obtained  by  a foetus  at  the  date  of 
conception.  It  is  desirable,  however,  that  we  should  keep  in  mind  the  possibility  that 
there  may  be  a dilference.  It  is  quite  certain  that  a pregnant  woman  who  squires  syphilis 
may  and  commonly  does  infect  her  foetus,  and  that'  the  infant  born  in  such  circumstances 
may'  suffer  severely',  and,  1 tliink,  from  the  usual  train  of  sy'iiiptonis. 


COXS  TJTUTIONA  L S ) PHIL  IS 


355 


exceptional  instances  it  is  then  brought  into  the  world  with  manifesta- 
tions of  its  disease  already  apparent ; more  usually  this  is  not  so,  and  the 
infant,  which  when  a few  weeks  old  will  sutler  most  severel}',  appears 
at  first  to  be  perfectly  healthy.  In  these  infants  a period  of  a fort- 
night to  two  months  usually  elapses,  and  then  a rash  appears,  and  the 
nostrils  become  stopped  by  swelling.  At  this  stage  the  month  is  usually 
hot,  its  mucous  membrane  red  and  tumid,  and  the  gums  swollen.  The 
child  wastes,  and  assumes  a shrivelled,  senile  aspect.  Sometimes  acute, 
well-characterised  iritis  occurs.  Condylomas  are  frecpiently  seen.  The 
cutaneous  exanthem  may  vary  in  character,  much  as  it  may  do  in  the 
adult,  ^laii}^  children  die  during  this  evolution  of  secondary  symptoms. 
If  they  survive,  they  usually  in  the  course  of  a year  get  rid  of  all  traces 
of  disease,  excepting  perhaps  an  unusual  pallor  of  skin,  certain  scars 
which  ma}'  have  been  left  on  the  face  by  the  eruption,  and  an  expanded 
nasal  bridge  caused  by  the  long-continued  swelling  of  the  parts  within. 

I have  said  above  that  the  tertiary  and  secondary  stages  sometimes 
appear  to  be  strangely  mixed  in  the  early  symptoms  presented  by 
syphilitic  infants.  Amongst  the  phenomena  occasionally  met  with 
in  these  circiunstances  are  nodes  of  the  skull  and  long  bones,  and 
gummas  of  cellular  tissue,  of  tendon,  or  of  muscle.  The  liver,  kidneys, 
thymus  gland,  and  other  parts,  may  also  be  attacked.  Such  children 
are  certainly  more  liable  than  others  to  serous  inflammations.  Serous 
arachnitis  to  a slight  extent  is  very  common,  and  pleurisy  is  not  an 
infrequent  cause  of  death. 

A condition  of  severe,  ancemia  often  results  during  the  outbreak  of  early 
symptoms  in  a syphilitic  infant,  and  from  this  death  often  results.  In 
many  cases,  however,  the  child  does  not  emaciate,  but  retains  an  appear- 
ance of  good  health  which  is  remai'kable  considei'ing  the  nature  of  the 
disease.  I have  often  seen  infants  Avho  were  well  grown,  stout  and 
strong  in  an  unusual  degree,  who  yet  presented  Avell  - characterised 
indications  of  inherited  taint. 

In  the  child  as  in  the  adult  the  secondary  symptoms  pass  aAvay  in 
due  time,  and  a period  of  health  or  latency  ensues,  of  variable  duration  ; 
after  which  the  later  phenomena  sheAv  themselves.  These  are  in  part 
of  the  same  character  as  those  in  the  adult,  but  Avith  the  addition  of 
several  others  Avhich  are  not  often  met  Avith  in  connexion  Avith  the 
ac<inired  disesvse.  There  are  fcAv  more  remarkable  points  in  the  history  of 
this  most  interesting  malady  than  that  the  disease  knoAvn  as  interstitial 
or  syphilitic  keratitis  almost  ncA'er  occurs  as  a consequence  of  acquired 
disease ; Avhilst  it  is  common  in  the  inherited  form.  I must  also  note 
here  a remarkable  exception  to  Avhat  has  been  stated  to  be  the  character- 
istic of  tertiary  .symptoms  in  the  adult,  that  they  arc  but  excej)tionally 
.symmetncal.  It  is  a curiou.sly  difficult  question  to  determine  Avhether 
the  late  jjheriomena  of  inherited  disease  should  raidc  as  secondary  or 
tertiary.  .-Mthough  it  may  seem  almost  :ibsurd  to  claim  inflammations  as 
secondary  Avhich  may  occur  twenty  or  thirty  years  after  birth,  yet  tliprc 
are  certain  facts  Avhich  strongly  suggest  that  this  Avould  be  the  most 
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correct  method  of  arranging  them.  What  we  have  hithei-to  counted  as 
the  tertiary  symptoms  in  the  inherited  disease  are  very  different  from 
tlioso  of  tlic  acquired  form.  They  are  all  almost  invariably  symmetrical, 
and  they  are  all  subject  to  the  law  of  spontaneous  decline.  The  per- 
sisting and  aggressive  forms  of  local  disease,  so  common  in  the  late  stages 
of  the  acquired  disease,  are  almost  unknown  in  the  subjects  of  inherited 
taint.  Lupoid  afiections  of  the  skin  are  the  commonest  form  of  tertiary 
acquired  disease  \ they  are  almost  never  seen  in  that  which  is  inherited. 
AVhen  keratitis  of  tlie  interstitial  form  occurs  in  the  subjects  of  acquired 
disease  (very  rare),  it  is  alwa}’’s  amongst  the  secondary  phenomena ; in  the 
inherited  disease  it  may  occur  very  late,  it  is  almost  alwavs  symmetrical, 
and  always  transitory.  It  is  invariably  omitted  from  the  phenomena  of 
the  secondary  stage.  Xo  case,  so  far  as  I know,  is  on  record  of  inter- 
stitial keratitis  in  an  infant.  The  same  is  true  of  otitis,  which  occcision- 
ally  leads  to  symmetrical  deafness  in  subjects  of  acquii’ed  disease,  but 
very  often  in  those  who  inherit  it.  We  have  been  so  much  in  the  habit 
of  regarding  persistent  nodes  as  tertiary,  that  it  is  difficult  to  think  of 
them  in  any  other  sense ; yet,  undoubtedly,  in  the  acquired  disease  a 
general  tendency  to  slight  periostitis,  usually  symmetrical,  is  often 
observed  in  the  secondary  stage ; and  now  and  then  large  swellings  are 
produced.  These  jjass  away,  and  after,  it  may  be,  a long  series  of  j’ears, 
we  encounter  the  tertiary  nodes  which  are  asymmetrical,  and  which 
persist  unless  cured  by  treatment.  Now  in  hereditary  syphilis,  although 
the  osseous  system  often  suffers  severely,  we  rarely  see  anything  resem- 
bling the  tertiary  kind  of  node.  The  tendency  to  periostitis  is  also 
tramsitory,  and  it  does  not  recur  in  adult  life.  It  ceases,  too,  irrespective 
of  treatment.  The  gummas  of  the  tongue  which  are  so  common  in 
acquired  syphilis  are  scarcely  ever  seen  in  the  inherited  form.  It  may, 
indeed,  be  asserted  that  there  is  very  little  to  contradict  the  view  that  in 
inherited  taint  the  secondary  phenomena  nun’^  be  spi’ead  over  many  years, 
and  that  we  have  but  little  evidence  of  tertiaiy  ones,  parallel  with  those 
seen  in  the  acquired  disease.  The  explanation  of  this  latter  fact  is  perhaps 
to  be  sought  in  the  more  rapid  and  complete  metabolism  of  tissue 
during  youth  and  adolescence,  ly  which  the  S3’Stem  is  more  thoroughly 
purged  of  all  morbid  material.  It  is  not,  however,  to  be  doubted  that  in 
exceptional  cases  an}"  and  all  of  the  tertiary  phenomena  which  may  occur 
in  the  acquired  disease,  may  be  met  with  also  when  it  is  the  result  of 
inheritance.  All  that  is  asserted  is  that  they  are  comparatively  very 
infrequent.  In  connexion  with  inherited  taint  we  may  see  in  the  adult 
cases  of  chronic  bone  disease,  of  gummas,  or  of  the  degenerative  changes  in 
the  nervous  centres  leading  to  general  paralysis  or  tabes,  but  they  are  as 
rare  as  are  examples  of  interstitial  keratitis  in  the  acquired  form. 

Conclusions  as  to  the  transmission  of  inherited  taint.  The  following 
appear  to  me  to  be  well  established  : — 

1st,  A child  may  inherit  syphilis  in  a severe  form  from  but  one 
parent — from  its  father  alone,  or  from  its  mother  alone. 

2nd,  When  both  jJarents  are  the  subjects  of  syphilis  a child  is  inore 
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certain  to  sutier,  ami  is  perhaps  more  likely  to  sufl'er  severely,  than  when 
only  one  is  infected. 

3rd,  Wo  have  as  yet  no  data  on  which  to  base  an  opinion  whether 
a child  is  more  likely  to  suffer  severely  when  its  father  is  the  source  of 
contamination  than  when  it  derives  the  disease  from  its  mother ; or  the 
reverse. 

4th,  In  a large  j.roportion  of  the  cases  met  with  in  practice,  the 
taint  is  derived  from  the  father  oidy. 

In  connexion  with  the  hereditary  transmission  of  syphili.s,  an  ex- 
ceedingly important  (juestion  arises,  whether  any  degree  of  taint  is  trans- 
missible to  the  third  generation.  There  is  no  doubt  that  persons  of 
marriageable  age  often  present  heredito-syphilitic  lesions  in  an  active 
stage,  such  as  keratitis  and  nodes.  I have  repeatedly  seen  patients  of 
various  ages,  from  twenty  to  eight-and-twenty,  become  the  subjects  of 
syphilitic  keratitis  for  the  first  time.  We  might  conjecture  that  such 
persons  Avould  be  likely  to  transmit  to  their  offspring  some  degi’ee  of 
taint,  seeing  that  the  taint  is  still  in  activity  in  their  own  bodies.  I am 
not  aware  that  any  facts  have  as  yet  been  published  on  this  subject. 
Conjectures  abound,  and  several  surgeons  have  expressed  their  belief  that 
the  infiuence  of  syphilis  once  aceptired  is  felt  through  sevei'al  subsequent 
generations.  About  eight  cases  have  come  under  my  own  observation  in 
which  persons,  undoubtedly  the  subjects  of  inherited  disease,  have  become 
pjirents.  AYith  one  doubtful  exception,  I have  never  been  able  to  dis- 
cover any  evidence  of  disease  in  the  offspring.  In  several  instances  the 
offspring  have  appeared  to  be  in  excellent  health.  I have  always  made  a 
point  of  seeing  the  children  for  myself,  never  relying  upon  the  parents’ 
statement — a precaution  which  is  essential. 

Quite  recently  a very  instructive  case  has  been  under  investigation  at 
the  Polyclinic.  A woman  bearing  unquestionable  evidences  of  inherit- 
ance, brought  an  infant  which  shewed  equally  unquestionable  symptoms. 
For  some  time  all  history  of  acquisition  was  denied,  but  at  the  last 
moment  it  came  out  that  the  woman  had,  since  her  marriage,  been 
unfler  hospital  treatment  for  sores  on  the  genitals  supposed  to  have 
been  communicated  by  her  husband.  The  child’s  inheritance 
was,  therefore,  probably  paternal  or  from  recent  disease  in  both 
parents. 

It  is  very  important  to  realise  that  during  the  secondary  or  febrile 
period  of  syphilis  every  tissue  in  the  body  is  more  or  less  affected  by  the  poison. 
Although  we  are  accustomed  to  speak  of  sore  throat,  eruption,  iritis,  and 
•SO  forth,  as  the  secondary  .symptoms,  yet  in  naming  them  we  instonce 
only  those  which  are  most  conspicuous,  and  by  no  means  all.  Although 
in  a majority  of  instances  from  first  to  last  there  may  not  be  any  indi- 
cjitions  whatever  of  general  tissue-iinplicatioTi,  yet  we  must  accept  it  as 
proven  that  such  is  the  case.  The  accidents  which  have  haj)pened  in 
syphilitic  vaccination,  as  well  as  many  other  occurrences,  shew  that 
<lnring  this  stage  of  the  disease  the  most  minute  (luantities  of  the  patient’s 
bloofi,  or  of  the  serum  secreted  by  an  abrasion,  may  prove  fully  contagious 
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and  pi'odiicc  the  complete  disease  in  atiotlici-  person.  How  soon  this 
vital  activity  of  the  virus  in  the  blood  usually  ceases,  and  how  long  it  is 
possible  for  it  to  last,  are  very  important  questions  to  whicli  as  yet  no 
definite  answers  can  l)e  given.  That  it  does  not  last  indefinitely,  and 
that  in  a large  majority  of  cases  it  ceases  within  a comparatively  short 
j)criod,  say  within  a year  or  eighteen  months,  is  made  probable  by  a large 
body  of  circumstantial  evidence.  Syphilis  in  married  life  would  be  far 
more  common  than  it  is  if  this  were  not  the  fact.  Thousands  of  men 
marry  at  or  about  the  end  of  two  years  after  primary  syphilis,  and  many 
at  much  shorter  periods ; yet  the  instances  of  communication  of  the 
disease  to  their  wives  and  children  are  but  infrequent.  On  the  other 
hand,  if  marriage  take  place  within  a year  of  the  primary  disease,  it  is 
perhaps  exceptional  for  the  children  to  escape,  and  by  no  means  tincommon 
for  the  wife  to  acquire  a chancre.  What  I have  named  for  convenience 
the  “ after-marriage  chancre,”  is  a temporary  abrasion  occurring  as  the 
result  of  frequent  intercourse  immediately  after  marriage  on  the  penis  of 
a man  who  has  formerly  had  syphilis.  Of  these  I have  seen  several 
remarkable  examples  with  their  results  of  chancre  and  secondary  syphilis  in 
the  newly-married  wife.  It  seems  to  be  possible  that  such  sores  may  be 
produced  at  a period  as  long  as  two  years  after  the  primary  disease,  and 
in  cases  in  which  the  man  has  long  appeared  to  be  quite  free  from 
symptoms.  Fortunately  they  are  extremely  infrequent,  and  I may  state 
that,  although  I have  for  many  years  been  accustomed  to  allow  marriage 
after  the  expiration  of  two  full  years,  I have  never  in  any  single  instance 
seen  ill  results  in  cases  iti  which  I had  permitted  it.  For  my  present 
purpose,  however,  they  .suffice  as  proof  that  the  virus  of  syphilis  maj'^  live 
on  in  the  patient’s  blood  during  the  long  period  mentioned  ; and  this,  too, 
in  some  instances,  in  spite  of  much  treatment  by  mercury.  Their  rarit}', 
1 repeat,  may  also  be  pei-mittcd  to  demonstrate  the  converse  j)roposition 
that  in  a very  large  majority  of  cases  the  virus  does  not  so  survive,  ^^  e 
nui}'  hope  that  important  evidence  on  this  point  will  result  from  Schan- 
dinn’s  discovery  of  the  Spirochceta  pallida. 

What  has  just  been  asserted  as  regards  the  general  diffusion  and 
possible  persistence  of  the  virus  in  the  blood  must  be  admitted  also  as  a 
possibility  in  reference  to  all  the  viscera  and  all  the  tissues  of  the  body. 
Putting  aside  as  unquestioned  the  affections  of  the  skin  and  mucous 
membranes,  it  may  be  well  to  say  a few  words  respecting  the  nervous 
system  and  its  appendages,  the  arterial  system,  and  the  bones. 

Nervous  Siistem. — Fournier  has  taught  us  that  in  some  cases  in  the 
secondary  stage  of  syphilis  the  patient  experiences  a general  loss  of  sen.si- 
bility  to  pain  in  the  skin.  This  curious  condition  he  met  with  chiefly  in 
young  women  who  were  much  reduced  in  health.  This  class  of  patients 
has  not  been  much  under  my  own  observation,  and  I am  not  able  from  my 
own  experience  to  say  much  in  corroboration  of  the  statements  of  this 
distinguished  observer.  That  symptoms  of  nervous  disturbance,  sometimes 
local  aTid  sometimes  general,  do,  however,  occur  in  the  secondary  period  of 
syphilis,  there  can  be  no  doubt.  I have  seen  and  recorded  a few  instances 
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in  which  a stiite  of  general  paralysis  involving  both  motion  and  sensation 
occunecl,  and  the  patient  was  apparently  saved  from  impending  death 
only  hy  the  very  prompt  use  of  mercuiy.  In  another  very  important 
group  of  cases  the  spinal  cord  appears  to  he  the  seat  of  m3  elitis  in  its 
lower  part  onlv  : and  a temjioraiy  condition  of  paraplegia,  which  mav 
be  almost  absolute  as  regards  both  sensation  and  motion,  and  which 
involves  the  sphincters,  ma\'  be  established.  In  some  of  these  case’s  the 
upper  e.Ktremities  are  more  or  less  involved  also,  but  usual!}’  they  escape. 
The  paraplegia  is  generally  symmetrieal,  though  not  always.  A very 
remarkable  corroboration  of  the  diagnosis  which  traces  this  affection  to 
a temporary  inflammation  of  the  secondary  type  is  obtained  from  the 
observations  that  it  is  usually  curable  by  vigorous  treatment,  and  that 
once  cured  it  shews  no  tendency  to  relapse.  In  these  features  it  corre- 
sponds with  what  we  know  of  the  otitis,  iritis,  and  other  affections  of  the 
secondary  stage,  which  ai'e  probabl}'  its  analogues.  It  may  lie  noted  also 
that  it  differs  widely  from  the  tertiary  affections  of  the  nervous  system, 
which  are  usually  aggressive,  and  Avhich  tend  to  relapse  aftei-  apparent 
cure.  Inflammations  of  the  sense -capsules — the  eye  and  the  ear’- — 
although  exceptional,  are  not  very  rare  in  the  course  of  secondai-}’ 
syphilis.  They  are  usually  acute  and  transitory,  but  unless  very  ^rromptly 
treated  may  result  in  much  damage  to  the  organ.  Affections  of  single 
nerves,  as  denoted  either  by  paresis  or  by  very  severe  pain,  may  occur 
in  almost  any  region  during  secondary  syphilis,  but  they  are  rare. 

That  the  osseous  system  is  implicated  during  the  secondary  stage,  is 
often  proved  by  the  presence  of  what  are  called  “ osteocopic  pains  ” or 
“ syphilitic  rheumatism.  ’ These  pains  are  not  very  infrequent!}’ accom- 
panied by  local  periosteal  swellings  of  the  most  definite  character,  but 
differing  from  our  ordinal’}'  conception  of  a node 
transitory,  never  tend  to  supjmrate,  and  leave  no 
behind  them.  They  are  .sufficient,  however,  to 
does  occur  during  the  secondary  stage. 

If  we  turn  to  the  arterial  system  we  find  facts  of  the  utmost  import- 
ance, although  somewhat  difficult  of  interpretation.  It  appears  probable 
that  in  many  if  not  in  most  cases  of  syphilis  the  whole  arterial  system 
suffers  more  or  less  during  the  earlier  stages,  and  that  certain  changes 
take  place  in  the  arterial  coats,  more  especially  in  the  intima,  from  which 
the  reco'.’ery  may  never  be  absolutely  complete.  The  arteries  may 
remain  through  life  liable  to  take  on  other  forms  of  disease,  under  the 
influence,  it  may  be,  of  local  exciting  causes  ; hence  aneurysms,  thrombosi.s, 
endarteritis  obliterans,  and  their  results  in  hemiplegia  and  other  forms  of 
paralysis.  It  would  appear  ])rol)able  that  at  various  stages  of  syphilis  it 
i.s  jjo.ssible  for  a single  arterial  trunk  to  become  involved  in  changes 
which  j»roduce  a considerable  narrowing  of  its  calibre  and  a corresponding 
diminution  of  the  su])ply  of  blood  to  its  territory.  In  interpreting  some 
of  the  phenomena  of  nervous  disturbance,  it  is  often  e.vtreinely  difficult 
to  say  whether  they  arc  primary  to  the  nerve -structures  themselves 
or  oidy  secondary  in  consequence  of  arterio-capillary  disease.  I here 
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yet  remains  much  for  the  pathological  anatomist  to  elucidate  in  this 
matter.^ 

Tertiary  Symptoms  or  Sequels. — I have  endeavoured  to  draw  a 
fairly  strong  line  of  distinction  between  secondary  and  tertiary  mani- 
festations. The  secondary  phenomena  constitute  a stage ; they  come  on 
at  a certain  known  period  j they  are  in  their  nature  transitory,  and  di.s- 
appear  spontaneously  ; they  affect  the  two  halves  of  the  body  at  the  same 
time,  proving  that  they  depend  upon  blood-poisoning ; when  once  passed 
they  rai-ely  return.  The  tertiary  symptoms  are  not  so  properly  a stage, 
but  must  count  rather  as  the  sequels,  more  or  less  accidental,  of  the 
preceding  stages.  They  are  as  a rule  not  symmetrical,  a fact  which 
makes  it  seem  improbable  that  they  depend  upon  blood-taint ; they  have 
no  tendency — but  quite  the  reverse — to  spontaneous  cure.  They  relapse 
over  and  over  again  after  remedial  treatment.  The  period  which  inter- 
venes before  their  outbreak  is  of  very  different  length  in  different  cases, 
and  in  many  they  never  occur  at  all.  From  these  considerations  we 
infer  that  they  are  due  rather  to  the  altered  eonstitution  of  the  affected 
structures  than  to  any  free  virus  still  circulating  in  the  blood. 

We  may  briefly  enumerate  the  principal  tertiary  symptoms  as  they 
occur  in  relation  to  si)ecial  organs  or  structures.  Tertiary  affections 
of  the  skin  and  mucous  m.cmhranes  differ  in  a most  marked  manner 
from  those  which  occur  in  the  secondary  stage.  With  the  exception 
of  palmar  psoriasis,  and  a few  others,  they  usualty  result  in  ulcera- 
tion of  greater  or  less  depth,  and  consequently  leave  cicatrices.  Very 
frequently  the  j^atch  assumes  a crescentic  form,  spreading  at  its  edges  and 
healing  in  its  centre, — the  well-known  “ horse-shoe  ” or  serpiginous  ulcer. 
If  the  disease  begin  in  the  middle  line  it  may  spread  equally  on  the 
two  sides,  and  may  thus  appear  to  be  symmetrical ; but  it  is  decidedly 
unusual  for  symmetrically  placed  patches  to  appear  on  the  opposite  limbs, 
or  on  corresponding  parts  of  the  trunk.  In  many  cases  the  skin  is  in- 
vaded secondarily  to  the  subcutaneous  cellular  tissue,  the  disease  having 
begun  as  a gummatous  tumour  or  node  of  the  cellular  tissue.  A form  of 
lupus  attended  by  rapidly  spreading  phagedasnic  ulceration  occasionally 
occurs  in  tertiary  syphilis ; but  there  is  good  reason  for  believing  that 
the  common  forms  of  lupus,  whether  exedens  or  non-exedens,  have  no 
connexion  whatever  with  syphilitic  taint.  The  appendages  of  the  skin, 
the  nails  and  hair,  which  are  frequently  affected  during  the  secondary 
stage,  but  rarely  suffer  at  later  periods. 

The  most  frequent  affection  of  the  mucous  membranes  which  we 
encounter  in  connexion  with  tertiary  syphilis  is  a rapidly  spreading 

> We  are  indebted  to  Dr.  Bristowe  for  sonui  of  the  earliest  and  most  triistwortliy  in- 
vestigations in  reference  to  the  disease  of  tlie  arteries  in  syphilis.  In  Germany  A.  Wagnei 
was  one  of  the  pioneers.  Dr.  George  Oliver,  in  the  course  of  his  researches  on  arterial 
iiressnre  and  variations  in  the  c.alibre  of  arteries  in  different  positions,  came  upon  the  very 
remarkable  observation,  that  in  the  snbjects  of  syphilis  (in  all  stages)  the  radial  artery  con- 
tinues uniform  in  size  in  the  erect  and  recumbent  postures.  This  he  found  so  constantly 
the  case  that  it  was  impossible ,to  attribute  it  to  local  or  exceptional  di.sen.se.  He  believes 
that  it  indicates  some  change  in  the  arterial  coats  of  such  a nature  as  to  elude  recognition 
by  the  finger,  which  cripples  the  physiological  play  of  the  tube. 
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ulceration  of  the  jwlate  and  pharynx.  This,  again,  is  totally  dillcrent 
from  the  throat  aflections  which  occur  in  the  earlier  stages.  Instead  of 
being  superticial  and  marked  chiefly  by  swelling  and  inflammatory  deposit, 
it  is  characterised  by  deep  ulceration  and  loss  of  tissue.  Instead  of  shew- 
ing itself  symmetrically  on  the  two  sides,  it  commences  at  one,  two,  or 
more  points,  and  spreads  quite  irregularly.  The  scars  left  by  these 
deep  ulcerations  not  infrequently  narrow  the  pharynx  and  occa.sion  diffi- 
culty in  deglutition.  In  a few  cases  the  ulceration  may  extend  donm  the 
msophagus,  and  in  many  the  larynx  is  involved.  Every  now  and  then 
we  see  cases  of  tertiary  syphilitic  ulceration  of  the  mucous  membrane  of 
the  rectum,  and  again  we  must  note  that  it  is  ulceration,  and  that  it  is 
not  attended  by  the  development  of  the  condylomas  or  mucous  patches 
of  secondaiy  syphilis.  Stricture  of  the  rectum  is  much  to  be  feared 
when  these  ulcerations  heal.  Several  authors  have  described  cases 
resembling  dysentery  in  all  their  symptoms,  but  occurring  in  syphilitic 
patients,  and  cured  by  antisyphilitic  remedies.  Sir  James  Paget 
recorded  a case  of  this  kind,  and  I have  mj'^self  seen  some  very  well- 
marked  examples.  It  is  probable  that  in  such  cases  ulceration  of  the 
mucous  membrane  is  present  at  a considerable  distance  above  the  anus.  I 
have  seen  several  cases  in  which  it  extended  above  the  reach  of  the  finger. 

The  cellular  tissue  is  frequently  invohmd  in  common  with  muscle,  with 
periosteum,  or  with  fascia.  In  not  a few  cases,  however,  we  meet  with 
what  are  called  cellular  nodes,  in  which  the  disease  begins  and  is,  up  to 
a certain  period,  confined  to  the  areolar  tissue.  These  may  occur  in  any 
part  of  the  bod)',  but  are  much  more  usually  met  Avith  in  the  loAver 
extremities  than  in  any  other  part.  They  are  verj'  common  near  to  the 
knee,  and  especially  so  in  Avomen. 

In  the  early  stage  of  a cellular  node  aa'c  find  a small  lump  of  indura- 
tion Avhich  is  often  exceedingly  tender.  At  first  it  is  firm,  but  as  it 
e.xtends  it  becomes  doughy  and  softer.  When  of  considerable  size  there 
is  frequently  a A'ery  deceptive  sense  of  fluctuation  in  it.  The  overlying 
skin  becomes  adherent  and  of  a dusky  red  colour.  At  length  idceration 
takes  place,  and  a large  core  is  exposed,  consisting  of  sodden  and  infil- 
trated tissues,  much  resembling  soaked  Avash-leather  in  appearance. 
Unless  sjiecific  remedies  be  used,  this  core  is  very  sIoav  in  separating,  and 
the  ulceration  of  the  skin  over  it  may  spread  Avddely. 

Cellular  nodes  are  not  infrequently  multiple,  but  more  usually  single. 
The  patient  frequently  has  scars  of  former  ones  on  the  opposite  limb,  but  it 
is  exceptional  to  find  them  simultaneously  present  on  corresponding  parts. 

\ periofl  A'arying  from  four  to  ten  or  fifteen  years  has  usually  elapsed 
between  the  occurrence  of  primary  contagion  and  the  development  of 
cellular  nrxle.s.  In  close  connexion  Avith  syphilitic  inflammation  of  the 
cellular  tissue  avc  must  mention  that  of  suhcuiaiieous  Intrsa’.  It  is  not  at 
all  uncommon  for  a bursa  to  sufl'er  in  connexion  Avith  the  disease  of  the 
ti.s.sue  around  it,  and  .sometimes  there  appears  tf>  lie  clear  evidence  that 
the  disease  began  in  the  bur.sa  itself.  Tlie  bursa  in  front  of  the  j)atella 
is  the  one  most  frequently  involved. 
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'The  joints  themselves  may  Ije  occasionally  implicated  in  tertiary 
syphilis.  Usually  they  are  involved  secondarily,  in  connexion  with 
periostitis  of  the  hones  which  foi-m  them.  In  the  secondaiy  period 
I’heumatoid  pains  in  joints  are  common,  and  in  inherited  syphilis  sym- 
metrical effusion  into  the  knee-joints  often  coincides  with  the  keratitis : 
in  such  circumstances  the  joint  affection  is  always  transitory,  and  it  may 
he  plausihly  suspected  that  it  is  the  result  of  direct  humoral  infection 
from  the  inflamed  corneal  tissue.  Chronic  affections  of  joints  in  the 
tertiary  stage  of  syphilis,  and  in  connexion  solely  with  it,  are  exceedingly 
rare. 

Inflammations  of  the  'periosteum  and  hones  have  long  occupied  the  most 
prominent  place  amongst  the  tertiary  symptoms  of  syphilis,  and  they  are 
still  amongst  the  most  common.  In  enumerating  the  symptoms  vdiich 
characterise  the  secondary  stage  we  have  mentioned  pains  in  the  hones, 
occasionally  attended  hy  .slight  and  temporary  swelling.  This  kind  of 
periostitis,  however,  never  lasts  long,  and,  so  far  as  my  own  observation 
goes,  never  leads  to  suppuration.  Tertiary  nodes  seldom  occur  until  at 
least  two  years  have  passed  since  the  first  contagion,  and  generally  the 
interval  is  much  longer.  They  may  affect  almost  any  part  of  the  osseous 
system  ; hut  the  hones  which  are  superficial,  and  therefore  most  exposed 
to  external  infiiiences,  are  those  most  frequently  attacked;  for  example, 
tlie  skull,  the  tihia,  and  the  clavicle.  The  hones  of  the  palate,  the 
alveolar  [>rocesses  of  the  maxilla.s,  the  vomer,  and  other  hones  in  the 
na.sal  passages,  are  very  frequently  affected ; and  when  such  is  the  case 
exfoliation  of  portions  usuall}^  occurs. 

Sy])hilitic  periostitis  may  vary  considerably  in  its  degree  of  severity 
and  in  its  tendencies.  In  some  cases  there  is  but  little  acute  inflammation, 
and  the  result  is  a great  thickening  of  the  hone  affected,  without  the 
occui’roncc  of  suppuration.  This  frequently  occurs  in  the  bones  of  the 
skull — -the  whole  calvaria  acquiring  greatly  increased  thickness  and  den-sity. 
It  is  also  not  uncommon  on  the  surface  of  the  tihia  and  other  long  hones, 
constituting  what  is  known  as  the  osseous  node.  In  other  cases  softening 
occurs,  and  in  those  very  frequently  large  portions  of  cellular  tissue 
become  involved,  and  we  have  a swelling  consisting  in  part  of  a periosteal 
abscess  and  in  part  of  a cellular  node.  When  the  hone  is  exposed  hy 
ulceration,  exfoliation  of  portions  often  results. 

When  the  hones  of  the  skull  are  attacked  by'  syphilitic  periostitis,  it  is 
very  possilde  that  inflammation  may^  occur  internally'  as  v'ell  as  super- 
ficially, and  that  we  may^  have  symiptoms  referable  either  to  irritation  of 
the  cerebral  coverings  or  to  compression  consequent  upon  intracranial 
abscess.  In  association  with  nodes  on  the  skull  various  symiptoms  of 
mental  disturbance  may  shew  themselves  : extreme  irritability  of  temper, 
liability  to  fits  of  uncontrollable  passion,  melancholia,  and  even  acute 
mania  may’^  occur.  These  symptoms  of  mental  disturbance  may^  or  may' 
Tiot  be  associated  Avith  those  of  local  paralysis.  They  not  infrequentlv 
rostilt  in  attempts  at  suicide.  The  proof  that  they  really^  are  dependent 
on  syphilitic  lesions  is  afl'orded  by  the  ease  and  rapidity  with  which  they 
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are  relieved  by  the  iodide  of  potassium.  Periosteal  nodes  are  not  vei'v 
frequent  on  the  short  boties  ; -we  must,  however,  be  prepared  to  rocoffiiis'e 
them  occasionalh*.  The  patella  and  the  os  calcis  are  sometimes  affected, 
and  now  and  then  the  other  bones  of  the  tarsus  or  carpus. 

Puieases  of  the  imi-sctilar  sipiem  occur  chieflt^  amongst  the  more  remote 
sequels  of  syphilis,  and  they  are  by  no  means  frequent.  They  usuallv 
take  the  form  of  nodes,  or  gummas,  in  the  substance  of  some  single 
muscle.  The  induration  is  usually  A^ery  considerable,  and  in  many 
parts  abruptly  limited.  The  diagnosis  from  malignant  growths  is 
often  very  difficult,  and  many  mistakes  leading  to  unnecessary  operations 
and  to  supposed  permanent  cures  of  cancer  have  occurred.  The  muscular 
substance  of  the  tongue  is  the  structure  most  frequently  attacked  by  this 
form  of  gummatous  groAvth,  but  it  has  been  met  Avith  in  almost  all  the 
muscles  of  the  body.  The  sterno-mastoid,  the  masseter,  the  supra-  and 
infra-spinatus,  the  gastrocnemius,  and  the  rectus  femoris  may  be  especially 
mentioned.  Some  forms  of  syphilitic  indurations  of  the  tongue  are  in  all 
their  stages  exceedingly  difficult  to  distinguish  from  carcinoma.  Thej’ 
are  very  hard,  haA-e  Avell-defined  edges,  are  painful,  and  Avhen  they  ulcerate 
present  an  unhealthy  surface.  Iodide  of  potassium  in  full  doses  Avill 
usually  clear  up  the  diagnosis  in  the  course  of  a week  or  ten  days.  The 
heart  itself  is  sometimes  the  seat  of  syphilitic  nodes.  Of  this,  Ricord  ^ 
Avas,  I believe,  the  first  to  publish  an  example ; but  many  others  have 
been  recorded  by  subsequent  obserA^ers. 

The  Glandular  System. — Chronic  enlargements  of  the  lymphatic  glands, 
sometimes  resulting  in  suppuration,  are  every  noAv  and  then  met  Avith  as 
the  sequels  of  syphilis.  It  is  remarkable  in  reference  to  tertiaiy 
syphilitic  lesions  generally,  that  they  do  not  cause  anj'^  secondary  enlarge- 
ment of  the  adjacent  lymphatic  glands.  This  is  true  of  syiffiilitic  ulcera- 
tions of  the  skin  and  mucous  membranes,  of  all  the  various  forms  of  node, 
and  of  syphilitic  tumours  in  muscles ; and  it  often  constitutes  a very 
u.seful  means  of  differential  diagnosis  between  cancer  and  syphilis. 

The  Internal  Viscera. — The  inA'estigations  of  modern  pathologists  have 
fully  confirmed  the  conjectures  of  the  older  Avriters  on  syphilis  as  to  the 
frequency  AA-ith  Avhich  the  viscera  of  the  trunk,  and  more  especially  the 
liver,  suffer  in  constitutional  syphilis.  In  connexion  Avith  this  subject 
Ave  must  especially  mention  the  A-ery  A’aluable  contributions  of  .Sir  S. 
Wilks.  As  to  the  exact  period  in  the  course  of  the  disease  at  Avhich  the 
vi.scei-a  are  attacked,  it  is  difficult  to  obtain  any  positive  evidence.  "What 
AA'e  discover  in  the  post-mortem  e.vamination  is  usually  the  result  of  long 
fKist  di.sea.se,  and  it  is  comparatively  infrequent  to  find  such  affections  in 
a recent  stage.  What  evidence  Ave  h.aA'e,  hoAvever,  favours  the  belief  that 
it  is  not  usually  until  the  later  periods  that  the  viscera  suffer  severely. 

The  liver  appears  to  be  far  more  frequently  aflected  than  any  other 
organ.  Indeed,  in  the  examination  of  the  bodies  of  those  Avho  have 

* Traits  <h'n  Nfihiilioi  VruCt'irvnes.  PKiiicIk*  .xxi.v.  in  tliis  in.'.t.’Uico  ttu* 

patif-nt  was  .T  man  aifc.l  II.  wlio  Innl  snircre.l  from  a cliancrr  followiMl  liy  constitutional 
symjitorn.s  eleven  years  prior  to  lii»  ileatli. 
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suffered  severely  from  tertiary  syphilis,  it  is  decidedly  exceptional  not  to 
find  some  proof  of  hepatic  mischief.  The  most  common  condition  consists 
in  large  white  patches  of  fibi’oid  thickening  on  the  surface  of  the  organ. 
These  patches  are  evidently  cicatricial.  The  liver  is  knotted  and  puckered 
up  hy  them,  and  cicatricial  bands  dip  from  the  surface  into  the  sulxstance 
of  the  organ.  Sometiines,  when  the  destruction  has  been  great,  the  whole 
bulk  of  the  organ  is  diminished.  In  recent  disease  the  affected  parts  of 
the  organ  are  enlarged,  and  on  section  exude  a glutinous  and  gummy 
material  not  unlike  beeswax.  1 am  not  aware  that  abscesses  have  as  yet 
been  met  with  in  the  liver  in  supposed  connexion  with  syphilis.  A^irchow 
recognised  two  forms  of  disease — a capsular  hepatitis  and  an  interstitial 
hepatitis.  Of  these  the  capsular  inflammation  is  the  more  common  and 
the  less  serious.  It  is  probable  that  the  two  are  generally  associated  to  a 
greater  or  less  extent.  Ascites  occurs  every  now  and  then  in  connexion 
with  syphilitic  disease  of  the  liver. 

Testes. — Syphilitic  sarcocele  has  usually  been  classed  by  authors  as  a 
secondary  symptom.  I foel  sure,  however,  that  this  is  not  quite  coirect. 
It  is  amongst  the  earlier  of  the  sequels,  but  it  very  seldom  occurs  during 
the  secondary  stage.  It  is  commonly  met  with  in  conjunction  with  nodes, 
and  with  deep  ulceration  of  the  skin  rather  than  with  the  superficial 
rashes  of  the  secondary  epoch.  It  consists  in  the  free  effusion  of  lymph 
(fibro-plastic  material)  into  the  substance  of  the  testis,  or,  more  rarely, 
into  the  epididymis. 

The  swelling  often  attains  a very  considerable  size,  and  when  it  does 
so  it  presents  the  peculiar  feature  of  feeling  very  light  in  the  hand. 
Syphilitic  sarcocele  is  much  more  frequently  symmetrical  than  any  other 
form  of  tertiary  .syphilis.  This  circumstance  we  might  expect  from  the 
fact  that  it  occui's  much  nearer  to  the  secondaiy  stage  than  do  most  of 
the  others.^  Still,  however,  it  is  only  exceptionally  symmetrical. 

jVeriious  System. — -I  have  pre^•iously  adverted  to  the  occasional  occur- 
I'cnce  of  cerebral  symptoms  in  connexion  with  syphilitic  inflammation  of 
the  bones  of  the  skull,  and  to  the  formation  of  intracranial  nodes ; but, 
<|uite  ajjart  from  disease  of  its  osseous  case,  the  brain  itself  may  suflei- 
directly  from  the  formation  of  tertiary  syphilitic  deposits  in  its  membrane, 
and  yet  more  frequently  from  disease  of  its  blood-vessels.  There  may  also 
be  deposits  of  like  nature  in  the  substance  of  nerve-trunks,  producing  special 
forms  of  local  paralysis.  To  these  isolated  deposits  the  name  “ syphilitic 
neuroma”  has  been  given,  and  many  well -authenticated  cases  are  on 
record  in  which  the  diagnosis  has  been  confirmed  by  an  autopsy.  In  a 
far  greater  number  of  cases  the  diagnosis  has  received  an  almost  equally 
valuable  confirmation  in  the  cure  of  the  disease  by  iodide  of  iJoUissium. 
So  frequently,  indeed,  is  tertiary  syphilis  the  cause  of  paralysis,  that 
investigations  in  this  direction  ought  never  to  be  omitted  in  cases  in 

' On  this  point  Curling  wrote,  “Sir  A.  Cooper  thinks  that  in  the  majority  of  cases  the 
disease  attacks  liotli  testicles.  'J’lie  eight  examples  recorded  in  Ins  work  ilo  not,  liowever, 
bear  out  tills  remark,  for  in  only  two  of  them  does  it  appear  that  both  organs  were  attacked. 
According  to  my  observ.ations  the  disease  is  more  commonly  confined  to  a single  gland,  though 
it  occasionally  affects  both  ; and  this  also  appears  to  be  the  opinion  of  Ricord.” 
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■which  the  luiture  of  the  disease  is  in  the  least  doubtful.  It  is,  indeed, 
stife  to  go  farther  than  this,  and  to  say  that  in  all  cases  of  paralysis 
without  evident  cause,  and  in  which  syphilitic  antecedents  are  even 
})Ossible,  it  is  advisable  to  try  the  effect  of  iodide  of  potassium.  I allude 
chieffy  to  cases  of  paralysis  of  the  cranial  nerves,  for  it  would  appear  that 
neuroma  is  more  frequent  in  them  than  in  the  spinal  nerves. 

Syphilitic  affections  of  the  nervous  system  may  occur  in  any  stage  ; 
they  are  often  among  the  late  tertiary  phenomena. 

Amongst  the  most  frequent  of  the  affections  of  the  nervous  system 
following  syphilis  vre  are  obliged  to  place  tabes  or  locomotor  ataxy.  This 
affection  may  assume  various  modifications,  and  it  often,  indeed  usually, 
occui-s  in  those  who  shew  no  other  indications  of  taint.  It  is  probably  of 
a degenerative  character  rather  than  inflammatory,  and  may  be  suspected 
to  be  due  to  changes  in  the  arterio-capillary  systems.  Specifics  have  but 
little  influence  on  it.  Syphilis  probably  plays  the  part  of  a predisposing 
rather  than  an  efficient  cause.  It  leaves  the  spinal  centres  vulnerable,  but 
does  not  bring  about  any  active  changes.  The  exciting  causes  are 
probably  over-exertion,  e.xposure  to  cold,  and  above  all  sexual  intercourse. 
A far  more  serious  maladjq  but  fortunately  much  less  frequent,  is  general 
paralysis  of  the  insane.  There  can  be  no  doubt  that  it  is  usually 
preceded  by  syphilis,  and  it  is  attended  by  inflammatory  changes.  It  is 
also  in  many  cases  under  the  influence  of  specifics.  These  should  be 
freely  and  constantly  used.  The  exciting  causes  are  intemperance, 
excitement,  and  sexual  excesses.  Tabes  and  general  paralysis  of  the 
insane  are  to  be  regarded  not  as  syphilitic  but  as  para-  or  meta-syphilitic 
affections. 

[For  Tabes  and  General  Paralysis  of  the  Insane,  see  special  articles  in 
section  on  Diseases  of  the  Nervous  S3'^stem,  Vol.  VII.] 

Colies’  Law. — About  the  year  1837  Mr.  Abraham  Codes  of  Dublin 
published  the  important  observation  that  mothers  who  suckle  their  own 
syphilitic  infants  do  not  contract  chancres  on  their  nipples.  If,  on  the  other 
hand,  a healthy  wet-nurse  be  employed  to  rear  a tainted  child,  a nipple 
chancre,  to  be  followed  by  constitutional  syphilis,  is  not  an  infrequent  re- 
sult. Subsecpient  observers  have  almost  unanimously  confirmed  Mr.  Codes’ 
statements  of  the  facts,  although,  as  might  have  been  anticipated,  a few 
exceptions  have  been  recorded.  Preferring  to  give  weight  to  these  excep- 
tions rather  than  to  the  great  mass  of  confirmatory  evidence,  some  have 
even  suggested  that  what  h:is  been  called  Codes’  lav'is  at  the  most  of  but 
doubtful  force.  They  contend  that  chancres  of  the  nipple  in  wet-nurses 
are  very  rare,  and  those  which  occur  in  mothers  not  very  infrequent ; so 
that  in  reality  no  great  difference  between  the  two  classes  can  be  proved. 
This  argument,  will,  however,  be  seen  at  once  to  have  no  validit}’  when 
we  remember  that  it  is  extremely  rare  for  a wet-nurse  to  encounter  risk, 
whilst  for  mothers  to  do  so  is  an  everyday  occnrrence.  If  mothers  were 
in  as  much  nsk  as  wet-nurses  we  should  see  chancres  of  the  nipple  veiy 
frequently  indeed.  A surgeon  who  was  rcs[)onsible  for  a wet-nurse 
giving  her  breast  to  a syphilitic  child  would,  if  .syj)hilis  ensued,  become 
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liiible  to  iiii  iictioii  for  cluiiiiiges.  Jvo  well-informed  medical  man  ever 
does  permit  such  a thing,  and  the  number  of  cases  in  which  liealthy 
wet-nurses  spontaneously  give  their  breasts-  to  infants  with  syphilitic 
mouths  must  Ijo  very  small  indeed.  We  maj'^  then  assume  that  what  has 
been  called  Colles’  law  does  express  a well-established  and  very  important 
clinical  fact. 

It  follows  from  Colles’  law  that  a woman  pregnant  with  a syphilitic 
child  does  receive  from  the  fcetus  .something  which  renders  her  immune 
to  the  contagion  of  the  disease.  It  is,  hotvever,  most  cerUin  that  in  the 
course  of  her  acquisition  of  this  immunity  she  but  rarely  exhibits  any 
well-marked  secondary  symptoms.  It  is  common  for  a married  woman  to 
bear  a tainted  child,  she  having  been,  through  her  whole  pregnancy  and 
before  it,  quite  free  from  obvious  symptoms.  We  have  proof,  then,  that 
the  blood  transference  which  occurs  between  foetus  and  mother  may  pro- 
duce immunity  without  causing  any  obvious  outbreak,  and  this  is  a very 
important  observation.  To  what  extent  such  mothers  are  liable  in  the 
future  to  phenomena  of  the  tertiary  class  is  a question  which  it  is  very 
ditlicult  to  answer.  That  they  do  so  suffer,  not  infrequently,  seems  to  be 
well  established ; and  is  a corroboration  of  the  belief  that  they  do  really 
receive  infection  during  pregnancy. 

When  a man  who  has  .suffered  from  syphilis,  but  who  believes  him- 
self cured,  enters  into  marital  relations  with  a healthy  woman,  the  latter 
encounters  risk  of  two  different  kinds.  It  may  happen  that  a new  excoria- 
tion on  the  penis  may  be  i^roduced,  and  that  it  jnay  cause  a chancre  in  the 
woman.  In  such  a case  all  the  usual  phenomena  of  syphilis  will  probably 
in  due  course  ensue.  If  this  risk  be  escaped,  it  is  not  probable  that 
the  woman  will  suffer  in  any  way  unless  she  become  pregnant.  There  is 
no  reason  to  suppose  that  syidiilis,  with  the  rarest  exceptions,  can  enter 
the  system  without  a primary  sore,  or  that  the  semen,  or  other  secretions 
of  the  husband,  can  convey  it.  The  second  kind  of  risk  will  be  en- 
countered if  the  wife  become  pregnant.  Whether  it  be  possible  for  a 
paternally  tainted  fietus  to  produce  in  its  mother  a severe  outbreak  of 
secondary  syphilis  must  be  held  to  be  doubtful.  Many  cases  are  on  record 
supposed  to  be  examples  of  such  occurrence,  the  wife  having  .shewn 
abundant  evidences  of  blood  infection  during  the  early  months  of 
pregnancy.  In  all  such,  however,  there  is  the  fallacy  that  a primary 
sore  may  possibly  have  been  overlooked.  On  the  other  side  cases  are 
innumerable  in  which  a young  wife  remains  in  perfect  health,  never 
manifesting  the  slightest  indication  of  disease,  and  yet  bears  an  infant 
destined  to  shew  it.  The  latter  is  certainly  the  rule,  and  the  former, 
if  it  ever  occurs,  is  the  exception. 

A few  words  may  be  suitably  inserted  here  as  to  the  possibilit}-  of  a 
mother  who  acquires  syphilis  during  her  pregnancy  communicating  the 
disease  to  her  foetus.  The  facts  which  have  been  recorded  are  to 
m}^  own  mind  quite  conclusive  on  this  point.  At  w'hatever  period  of 
pregnancy  the  disease  is  so  acquired  up  to  the  last  four  weeks,  it  is  almost 
certain  that  the  foetus  will  be  infected.  So  far  as  facts  yet  recorded 
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permit  an  opinion,  no  (lifforence  will  be  observed  iit  the  ])henomena 
displayed  by  the  child  from  those  of  ordinary  iidierited  syphilis. 

Syphilis  in  Reference  to  Marriag-e.^  Before  proceeding  to  discuss  this 
ipiestion,  I may  at  once  aver  my  conviction  that  a great  amount  of  human 
happiness  is  frustrated  by  the  exaggerated  fears  which  are  entertained  by 
the  profession  and  the  public.  Not  only  are  marriages  needlessly 
deferred  or  altogether  prevented,  which  had  they  been  pernntted  would 
have  produced  only  mutual  good  and  blessing,  but,  on  the  other  hand, 
unhappy  and  immoral  connexions  are  greatly  multiplied.  When  a 
young  man  is  forbidden  to  marry  because  he  has  had  syphilis,  or  when 
his  own  fears  or  what  he  calls  his  sense  of  honour  ” prevent  him,  it  does 
not  by  any  means  follow  that  he  will  lead  a continent  life.  We  have  but  to 
look  at  the  subject  in  the  aggregate  to  see  how  important  are  its  bearings. 
It  may  seem  but  a little  thing  in  an  individual  case  ; but  what  we  have  to 
remember  is  that  syphilis  in  young  men  is  and  always  will  be  very 
common,  and  that  the  cases  are  really  very  numerous.  If  we  suppose  a 
thousand  young  men  otherwise  Avishful  to  marry,  and  in  circumstances  to 
do  so  with  prudence,  deterred  from  it  bj'  the  fear  of  syphilis,  tve  must  realise 
that  an  equal  number  of  young  Avomen  must  also  at  the  same  time  lose 
their  chance  of  marriage.  Now,  supposing  that  a period  of  two  years 
has  been  passed  since  the  primary  disease  in  the  man,  the  amount  of  risk 
Avhich  is  run  is  probably  infinitesimally  small.  That  there  is  still  some 
little  risk  no  one  acquainted  AA’ith  the  facts  Avould  be  prepared  to  deny. 
Shall  A\m  on  account  of  that  little  danger  at  once  lengthen  the  period  to 
three,  four,  or  five  years '?  I believe  that  to  do  so  avouIcI  be  to  act 
unwisely.  In  this  matter  the  profession  should  take  the  part  of  the 
reassurer  and  not  of  the  alarmist.  The  fears  of  the  public  are  far  in 
excess  of  Avhat  the  facts  Avarrant.  Many  marriageable  men,  for  Avho:n 
marriage  Avould  haA’e  been  perfectly  safe,  yet  remain  bachelors  for  years, 
or  perhaps  for  their  lives,  from  the  consciousness  of  having  had  syphilis. 
If  a similar  degree  of  scrupulosity  Avere  to  be  observed  in  reference  to 
the  risk  of  transmitting  tuberculosis  or  scrofula,  or  the  neurotic  diathesis, 
or  that  of  arthritis  or  of  cancer,  AA-^e  should  have  but  few  marriages.  Yet 
the  iphysical  eAuls  and  suffering  produced  by  the  inheritance  of  these 
maladies  far  exceed  those  AA'hich  result  from  syphilis.  Compared  Avith 
them,  inherited  syphilis  is  both  rare  and  easily  curable,  and  Avere  it  not 
that  a certain  stigma  attaches  to  it  as  a “foul  disease,”  and  one  for  Avhich 
the  parent  is  morally  re,sponsible,  it  aa'ouW  receive  but  little  attention. 

In  past  years  those  Avho  had  suffered  from  syi)hilis  Avere  alloAved  to 
marr\'  as  soon  as  all  sym})toms  had  disappeared,  and  often  Avithin  a very 
few  months  of  the  primary  disease.  Inasmuch  as  there  is  no  reason  to 
believe  that  infantile  syphilis  Avas  much  more  common  then  than  now,  avc 
may  believe  that  in  many  instances  a period  of  six  months  is  (pute  adequate 
U>  free  a man  from  the  ri.sk  of  begetting  a syphilitic  child.  We  knoAv  that 
in  a large  proportion  of  cases  the  patient  himself  becomes  pei'manently  free 
from  manifestations  Avithin  that  period;  and  this  consideration  may  help  ns 
to  the  belief  that  the  virus  does  really  perish  from  the  blood  so  as  to  make 
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traiisiuission  impossible.  It  must  be  admitted,  however,  that  in  veiy 
many  others  it  lingers  mueh  longer.  The  rule  which  now  prevails  widely 
of  forbidding  marriage  for  two  full  years  from  the  date  of  the  primary 
sore  is  probably  a safe  one.  It  may  possibly  be  relaxed  occasionally 
under  exceptional  conditions  when  the  symptoms  have  disappeared  very 
early  and  very  completely  ; and  there  may  be  others  in  which  the  converse 
has  been  the  case,  in  which  a yet  longer  period  should  be  required. 
It  would,  however,  be  a pity  to  make  the  general  rule  insist  on  more. 
It  is  foolish  to  concentrate  our  attention  on  a few  exceptional  cases  and 
to  forget  the  lessons  taught  by  the  vast  majority.  If  the  patient  during 
almost  the  whole  period  have  been  efficiently  treated  with  mercury,  the 
absence  of  risk  may  be  asserted  with  the  greater  confidence  ; but  we  must 
always  remember  that  time  as  well  as  mercury  cures  syphilis.  Thei'e  are 
facts  which  seem  to  make  it  probable  that  the  risk  of  transmitting 
syphilis  to  offspring  lasts  much  longer  in  women  than  in  men.  When 
after  marriage  only  the  first-born  child  or  the  first  two  shew  signs  of  taint, 
it  is  probable  that  the  inheritance  is  from  the  father  only.  Whenever, 
however,  a succession  suffer,  whether  continuously  or  with  interruptions, 
then  it  will  usually  be  found  that  the  mother  has  been  affected.  There 
is  probably  nothing  inconsistent  with  physiological  law  in  the  supposition 
that  specific  poisons  may  linger  longer  in  a latent  state  in  the  ova  than 
in  any  other  of  the  body-tissues,  and  clinical  observation  would  certainlv 
suggest  that  such  is  the  case.  A woman  known  to  have  had  syphilis 
often  bears  healthy  children,  but  there  are  facts  on  the  other  side  which 
should  lead  the  medical  adviser  to  speak  with  great  caution  on  the 
matter. 

Treatment. — Kespecting  the  treatment  of  syphilis  a few  general 
principles  may  easily  be  advanced. 

In  the  first  place,  it  is  quite  certain  that  all  its  early  phenomena  have 
a definite  tendency  to  spontaneous  disapijearance.  It  is  upon  this  well- 
established  fact  that  the  non-mercurialists  build  their  hopes,  and  by  which 
they  have  been  able  to  claim  for  their  opinions  a certain  amount  of  clinical 
support.  The  chancre,  however  large  and  however  hard,  will  in  time 
melt  away  ; the  hardened  glands  and  the  skin  eruption  will  also  disappeai-. 
In  a majority  of  cases  these  primary  and  secondary  phenomena  will  not 
assume  any  great  severity,  and  the  patient  will  never  be  seriou.sly  ill.  It 
is,  perhaps,  in  not  more  than  half  or  even  in  a minority  of  cases  that  the 
disease  assumes  any  serious  features.  In  those  in  which  it  does  so,  the 
degree  of  severity  will  vary  within  very  wide  limits,  and  in  a certjiin 
small  proportion  the  severity  of  the  fever,  eruption,  and  other  symptoms 
may  be  such  as  to  endanger  life.  In  some  also  we  know  that  the 
secondary  stage  will  never  wholly  disappear,  but  will  pass  on  into 
conditions  characteristic  of  the  later  one. 

A second  general  jjroposition  is,  that  over  all  the  early  manifestations 
the  mineral  mercuiy,  in  whatever  form  it  may'  be  introduced  into  the 
system,  exercises  a specific  influence.  It  causes  the  indiuation  of  a chancre 
to  disappear  and  the  sore  to  heal,  it  makes  the  eruption  vanish,  it  brings 
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down  the  febrile  temperature  if  such  have  been  present.  The  detiiils 
of  its  inthience  will  vary  with  the  modes  of  its  administration  and  the 
idiosyncrasies  of  the  patient,  but  about  these  main  facts  there  can  be 
neither  doubt  nor  disjmte.  The  determination  in  detail  of  its  influence 
on  the  life  of  the  spiroclueta  is  awaited  with  the  utmost  interest,  and 
may  prove  most  valuable. 

Our  third  proposition  is  that  over  the  tertiary  manifestations  of 
syphilis — the  gumma — whether  of  skin,  cellular  tissue,  coats  of  arteiy, 
cerebral  meninges,  or  periosteum,  the  iodide  of  potassium  exercises  almost 
as  definite  an  influence  as  does  mercuiy  over  the  earlier  ones.  Under  its 
influence  large  gummas  will  disappear,  periosteal  pains  tvill  cease,  and 
ulcers  will  heal. 

AA’hether  any  other  drugs,  mineral  or  vegetable,  exercise  any  specific 
influence  over  syphilitic  processes  is  as  yet  not  proven.  It  may  be  held  as 
scarcel}’  likely  that  mercury  and  the  iodides  are  the  only  remedies  which 
possess  such  powers;  but  although  much  has  been  from  time  to  time 
asserted,  nothing  beyond  what  has  been  just  stated  has  received  the 
final  imprimatur  of  professional  experience. 

In  the  discussion  of  details  it  may  he  convenient  to  take  the  last  of 
our  statements  first.  All  are  agreed  that  in  the  tertiary  stages  the  iodide 
of  potassium  must  be  used.  Since  its  introduction,  indeed,  the  terrors  of 
this  stage  have  to  a very  large  extent  vanished.  The  iodide  should  be  given 
in  doses  suited  to  the  idiosyncrasy  of  the  patient  and  the  resistance  of  the 
malady.  There  is  no  remedy  in  which  idiosyncrasy  counts  for  so  much  and 
in  which  the  dose  may  vary  within  such  wide  limits.  It  is  well  to  begin 
with  small  doses,  invariably  to  combine  ammonia  with  it,  and  to  increase  the 
dose  only  if  required.  Sometimes  minute  doses,  of  a grain  or  even  a third 
of  a grain  mil  exercise  as  definite  a curative  influence  as  thirty  times  the 
quantity  may  do  in  another  patient.  It  is,  as  a rule,  not  well  to  give  it  long 
continuously,  but  to  omit  it  for  a few  days  at  a time,  and  to  begin  anew 
with  a smaller  dose.  In  cases  of  idiosyncras}'',  in  Avhich  it  exercises  an 
injurious  influence,  and  brings  out  eruptions  or  causes  oedema  of  mucous 
membranes,  all  that  is  needed  is  to  reduce  the  dose  sufficiently.  In  many 
cases  the  three  iodides,  of  potassium,  sodium,  and  ammonium,  may  suit- 
ably be  combined.  AVhether  these  salts  be  given  together  or  not,  in  no 
case  must  the  addition  of  ammonia  be  forgotten ; it  is  reputed,  and 
•with  reason,  to  double  the  effect  of  the  dose.  Iodide  of  potassium  has 
for  many  persons  heavy  drawbacks.  At  the  same  time  that  it  cures  the 
syphilitic  lesion  it  often  depresses  the  general  tone,  lowers  the  sjnrits, 
anfl  entirely  incapacitiites  the  patient  for  the  enjoyment  of  life.  Indis- 
criminately used,  as  it  is  by  many  at  the  present  time,  it  is  jJi'oductive  of 
much  wretchedness,  which  might,  by  a little  care,  be  avoided.  It  is  well 
in  almost  all  cases  to  combine  mix  vomica  (or  strychnine)  with  the  iodides, 
and  in  cases  in  which  pustular  eruptions  are  jiroduced  to  give  arsenic. 
Iodoform,  given  in  do.ses  of  five  to  ten  grains  and  in  the  form  of  pill,  is 
sometimes  better  borne  than  any  of’  the  iodide.s.  The  local  use  of  the 
iodides  for  all  local  and  external  tertiary  affections  might  with  advantage 
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be  resorted  to  much  more  frequently  and  freely  than  is  usually  done. 
Lotions  of  iodide  of  potassium  applied  as  a water-dressing  under  oiled 
silk,  ointments  of  iodoform,  iodol,  or  of  chinosol  are  often  much  more 
etticient  than  their  internal  administration  and  less  open  to  the  risk  of  ill 
consequences. 

The  use  of  mercury  in  syphilis  has  been  the  subject  of  almost  endless 
debate  and  difference  of  opinion.  It  may  be  given  in  very  various  methods 
and  in  very  different  doses.  In  order  to  avoid  proli.xity,  I will  begin  by 
describing  in  a little  detail  the  plan  which  I think  by  far  the  best, 
namely,  that  of  the  continuous  use  of  small  doses  over  long  periods.  By 
it,  if  beguii  early  enough — that  is,  before  the  appearance  of  secondary 
symptoms — the  evolution  of  the  disease  may  be  wholly  averted,  and  not  a 
single  symptom  beyond  those  of  the  primary  stage  may  be  allowed  to 
appear.  It  is  difficult  to  conceive  any  better  result  than  this.  The 
preparation  which  is  the  most  easily  managed  is  the  grey  powder 
(hydrargyrum  cum  creta),  and  there  are  obvious  advantages  in  keeping  as 
much  as  possible  to  one  form.  The  dose  should,  as  a rule,  be  one  grain 
only,  given  in  pill  in  combination  with  opium,  and  repeated  as  frequently 
as  the  patient  can  bear  it.  It  is  most  important  to  begin  with  sufficient 
opium,  so  as  to  be  secure  against  fliarrhoea  at  the  onset.  A fifth  or 
even  a fourth  of  a grain  in  each  pill  is  not  too  much.  Should  it  cause 
headache,  drowsiness,  or  constipation  it  can  easily  be  reduced.  The  two 
complications  to  be  avoided  are  salivation  and  diarrhoea.  The  problem 
is  to  introduce  as  much  mercury  as  possible  without  the  occurrence  of 
either  of  these.  The  diarrhoea  is  to  be  prevented  by  opium  and  atten- 
tion to  diet ; the  salivation  by  frequent  cleansing  of  the  teeth  and  the  use 
of  an  alum  mouth-wash.  The  pill  suggested  should  be  given  four,  five, 
six,  or  seven  times  a day  without  regard  to  meal-times.  On  no  account 
should  the  patient  be  allowed  to  take  two  together ; by  dividing  the  doses 
inconveniences  are  avoided,  and  the  desired  eftcct  produced  with  much 
greater  certainty.  All  soups,  green  vegetables,  fruit,  and  malt  lupior 
should  be  strictly  forbidden.  The  patient  should  be  advised  not  to 
smoke,  and  should  be  told  that  he  will  have  to  carry  out  the  treatment 
for  twelve  months  without  any  intermissions.  In  very  few  cases  will  it  be 
found  desirable  to  make  the  dose  of  mercury  larger.  As  a rule  Dovers 
powder  appears  to  be  more  effective  in  jireventing  diarrhoea  than  its 
equivalent  of  opium. 

An  experience  of  many  hundred  cases  treated  according  to  the  above 
plan  justifies  the  statement  that  if  it  he  faithfully  carried  out  syphilis 
may  be  wholly  suppressed,  and  the  patient  may  never  know  anything 
about  his  malady  beyond  its  primary  symptoms.  In  many  cases  he  may 
come  to  doubt  the  diagnosis  on  account  of  the  rapidity  and  completeness 

of  his  cure.  .... 

Some  very  curious  facts  have  been  observed  in  connexion  with  this 
continuous  treatment  with  the  object  of  suppression.  If  at  the  end  of 
four  or  five  months,  during  which  the  suppression  has  been  complete,  the 
mercury  be  left  off,  there  will  usually  appear  at  the  end  of  a month  or 
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six  weeks  a very  (loHiiite  secondary  and  synnnctrical  eru])tion.  It  will, 
however,  be  a very  slight  and  mild  one,  and  will  disappear  very  rpiickly 
when  the  renieily  is  resinned.  Of  the  seeondary  symptoms,  sores  on  the 
tonsils  are  those  most  difficult  to  prevent  j and  many  patients  who  wholly 
escape  eruptions  yet  shew  a slight  form  of  the  characteristie  sore  throat. 
This  may  be  because  the  throat  usually  suflcrs  very  eai'ly ; or  it  may  be 
that  mercury  is  occasionally  the  cause  of  congestion  of  the  pharynx. 
During  the  course  of  treatment  suggested  the  patient  need  take  no 
special  precautions.  He  may  live  as  usual  and  follow  his  avocations. 
The  more  closely  he  keeps  his  house  and  the  longer  the  time  that  he 
spends  in  bed  the  less  will  be  the  quantity  of  mercury  required. 
Ptyalism,  if  it  occur,  must  be  regarded  as  an  accident,  and  not  in  the 
least  as  proof  that  enough  mercury  has  been  given.  It  must  be  remedied 
as  promptly  as  possible,  kept  at  bay  by  constant  cleansing  of  the  mouth 
and  teeth,  and  the  mercuiy,  in  reduced  doses,  must  be  continued. 

The  efficacy  of  mercury  in  the  treatment  of  syphilis  is  so  well  assured 
that  all  modes  of  use  can  claim  triumphant  results.  The  relative  advan- 
tages of  inunction,  hypodermic  injections,  and  administration  by  the 
mouth  may  perhaps  be  fairly  summed  up  as  follows  : To  those  who  hold 
that  the  treatment  should  be  not  interrupted  but  continuous  over  a long 
period,  the  mouth  method  is  the  only  available  one.  Inunction  is  so 
disagreeable,  and  injections  not  only  so  disagreeable  but  so  expensive, 
that  the  patient  is  almost  sure  to  shirk  both  one  and  the  other  as  soon  as 
his  s}Tnptoms  have  well  disappeared.  To  a very  considerable  proportion 
of  patients  neither  of  these  methods  is,  for  various  reasons,  available, 
whilst  to  none,  with  but  few  exceptions,  have  they  any  real  advantages 
over  their  competitor.  The  exceptions  occur  in  the  case  of  careless  or 
reluctant  patients  who  cannot  be  trusted  to  take  their  medicine  regularly. 
These  are  chiefly  met  Avith  in  the  services,  and  for  such  the  hypodermic 
SAwinge  has  its  advantages.  In  behalf  of  the  continuous  small-dose 
administration  by  the  mouth,  it  may  be  alleged  that  it  has  been  abund- 
antly proved  that  it  aauII  effect  the  i-emoval  of  s}^philitic  symptoms  in 
all  stages  just  as  quickly  as  either  of  the  othei's,  that  it  does  not  interrupt 
the  jjatient’s  aA'ocations,  that  it  causes  no  inconvenience,  and  is  economical. 
All  that  is  neces.sary  is  to  guard  the  mercury  efficiently  Avith  Dover’s 
poAvder,  and  to  explain  to  the  patient  that  the  course  is  to  be  a long  and 
continuous  one,  and  that  the  rules,  detailed  above,  as  to  diet  and  so  forth 
are  to  be  rigidly  observed. 

During  the  treatment  the  patient  Avill  lose  fat  but  not  flesh.  He  Avill 
retain  his  strength,  but  may  fall  a little  in  Aveight.  At  the  end  of  it  he 
Avill  probably  declare  himself  in  better  health  than  ever  before  in  his  life. 

In  certain  circumstances,  but  not  often,  it  may  be  Avell  to  combine 
ifxlide  of  potassium  Avith  mercurial  treatment  in  tbe  secondary  stage  of 
syphili.s.  This  Avill  be  the  case  if  the  bone  pains  are  severe  or  if  the 
mucous  membranes  suffer  severely,  I’roA'ided,  hoAvever,  that  the  mercury 
have  been  begun  early  enough,  such  symjitoms  Avill  seldom  occur. 

It  has  seemed  best  to  state  the  ordinary  result  of  the  siqipre.ssive 
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treatment  Ijj'  mercury  before  considering  whether  mercury  ought  or 
ought  not  to  be  used.  If  tlie  statements  just  made  are  well  founded 
there  can  hardly  be  a doubt  about  it,  since  the  advocates  of  abstinence 
from  specifics  cannot  but  admit  that,  although  many  patients  do  well, 
many  others  suffer  very  severely.  The  same  remark  applies  also  to 
other  methods  of  using  mercury,  for  of  none  can  it  be  alleged  that  less 
trouble,  or  less  expense,  or  less  risk  of  loss  of  health  to  the  patient  is 
involved.  Better  results  could  not  possibly  be  obtained.  Whilst,  there- 
fore, it  is  to  be  admitted  that  the  inunction-method,  that  by  subcutaneous 
injections,  and  that  by  the  ^•apour  bath,  are  all  of  them  exceedingly 
useful,  it  is  yet  difficult  to  find  advantages  in  an}^  of  them  over  that 
recommended.  The  estimation  of  the  results  of  treatment  in  syphilis  has 
two  aspects : first,  the  pi’evention  of  inconvenience  and  loss  of  health 
during  the  secondary  stage ; and,  secondly,  the  prevention  of  sequels  and 
of  tertiary  symptoms.  That,  in  regal’d  to  the  former,  mercurial  treat- 
ment is  triumphant  there  can  be  no  reasonable  doubt.  It  is,  however,  a 
very  different  thing  and  much  more  difficult  of  accomplishment  to  prove 
that  it  is  influential  in  avoiding  the  latter.  To  do  this,  it  is  needful  to 
collect  indifferently  the  case-histories  of  many  patients  extending  over 
the  whole  life  subsequent  to  the  attack.  Whilst,  however,  it  may  lie 
admitted  that  no  plan  of  treatment,  however  successful  at  the  time,  can 
be  held  to  secure  the  patient  against  subsequent  risk,  there  is  much  to 
be  said  in  favour  of  the  belief  that  it  is  a decided  gain  to  suppress,  or, 
if  too  late  for  suppression,  quickly  to  cure  the  secondary  stage.  Many 
facts  favour  the  lielief  that  gummas  usually  appear  in  the  sites  of  former 
syphilitic  lesions,  and  if  so,  it  must  be  a gain  to  prevent  the  development 
of  the  latter  altogether.  Further,  nothing  is  more  certain  than  that 
those  who  suffer  severely  in  the  secondary  period  often  do  so  also  in  the 
later  ones.  All  the  cases  of  so-called  “ malignant  syphilis  ” are  instances 
of  a severe  secondary  stage  imperfectly  combated.  Under  the  suppression 
plan  none  such,  unless  in  connexion  with  very  exceptional  idiosyncrasy, 
ever  occur. 

Laborious  attempts  have  been  made  to  bring  to  statistical  test  the 
decision  as  to  Avhether  mercurial  treatment  is  useful  in  preventing  the 
occurrence  of  tertiary  symptoms.  Such  an  inquiry  is,  however,  sur- 
rounded by  fallacies.  So  much  depends  upon  the  precise  details  of  the 
mercurial  course,  and  still  more  upon  the  stage  of  the  disease  at  which 
it  was  commenced.  The  conclusions  of  those  who  liave  conducted 
the  inquiries  are,  however,  I think,  in  accordance  with  u>  priori  probability  ; 
and  the  impressions  derived  from  such  experience  as  I have  had  are  to  the 
effect  that  efficient  mercurial  treatment  in  the  eai’ly  stages  is  very 
efficacious  in  the  prevention  of  remote  sequels.  For  myself  I attach  the 
utmost  importance  to  what  I have  ventured  to  call  suppression  treat- 
' ment,  that  is,  treatment  begun  before  the  development  of  secondary 
symptoms,  and  having  for  its  aim  their  entire  prevention.  To  begin 
with  mercury  very  early  and  to  continue  it  very  long  seems  by  far  the 
most  hopeful  method  of  prevention  of  tertiaries. 
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Diagnosis  of  Acquired  Syphilis.  — The  recognition  of  syphilitic 
symptoms  in  the  uxondary  shiyc  is  not  ustially  diflicnlt.  The  cojhousness 
of  the  rash,  its  symmetry,  the  copiier-tint,  the  frequent  coincidence  of 
ditlerent  types  of  skin  eruption  in  the  same  case,  the  presence  of  feltrile 
disturbance,  the  absence  of  cutaneous  irritation  and  the  co-existence  of 
sores  on  the  tonsils — and  frequently  on  the  mucous  membrane  of  the 
cheeks  also — are  ;dl  features  which  help  to  make  the  diagnosis  easy  and 
certain.  To  these  we  may  add  that  the  syphilitic  exanthem  usually 
appears  fii-st  on  the  abdomen,  chest,  and  fronts  of  the  arms,  that  it  very 
commonly  affects  the  face,  and  that  it  avoids  the  backs  of  the  elbows 
and  the  fronts  of  the  knees,  localities  which  are  almost  always  attacked 
in  cases  of  common  psoriasis.  The  patient’s  genitals  and  gi-oins  should 
always  be  examined,  for  in  the  early  stages  of  the  secondary  eruptions 
it  seldom  happens  that  all  traces  of  the  primary  symptoms  have  dis- 
appeared ; often  these  are  still  very  definitely  present.  Although 
syphilitic  rashes  vary  very  much  in  outward  characters,  jmt  in  the 
features  just  mentioned  they  have  always  a basis  of  close  similarity 
one  with  another.  When  mistakes  occur  they  are  usually  those  of 
insufficient  attention.  The  patient  is  allowed  to  decline  to  shcAv  more 
than  a small  part  of  his  surface,  instead  of  being  made  to  strip,  or  at 
any  rate  to  expose  the  Avhole  of  his  bust.  If  the  latter  course  be  adopted, 
the  symmetry  of  the  rash  and  its  other  peculiar  features  aauII  almost 
always  arrest  the  attention  of  the  observer.  Amongst  minor  points 
which  occasionally  assist  may  be  mentioned  the  gyrate  or  ringed  form 
of  the  patches ; and  in  some  cases  of  syphilitic  psoriasis  the  comparative 
absence  of  desquamation. 

Secondary  eruptions  are  usually  developed  in  stages.  The  first 
stage  is  one  often  overlooked,  and  may  be  very  transitory.  In  it  the 
eruption  is  erythematous  only  and  may  closely  I'esemble  a roseola,  and 
may  even  be  mistaken  for  German  measles.  Papules  Avhich  do  not 
Avholly  disappear  on  pressure  and  are  attended  by  some  thickening,  soon 
folloAv,  and  Avith  them  often  occur  affections  of  the  pilo- sebaceous 
.system,  lichenoid  indurations,  or  small  pustules.  These  stages  are  often 
ill-defined,  and  eruptions  of  A^arious  types  are  often  present  together. 

The  cases  Avhich  cause  most  difficulty  are  those  in  AA'hich  syphilis 
occurs  in  a patient  Avho  is  already  the  subject  of  some  other  skin  disease. 
In  hospital  practice  it  is  A^ery  common  to  see  scabies  and  a S3"philitic  rash 
co-existing,  and  in  some  of  these  mixed  cases  it  is  most  difficult  to  be 
certain  as  to  the  nature  of  the  eruption.  Examination  of  the  mouth  and 
throat  and  of  the  genitrds  Avill  often  remove  doubt ; but,  if  not,  a feAV 
sulphur  baths  Avill  usually  prove  a successful  means  of  diagnosis. 
Pityriasis  rosea,  an  eruption  now  Avell  recognised,  so  closel}'^  i-esemliles  a 
secondary  .syphilitic  r;ish  that  it  is  unsafe  for  CAen  the  most  ]iractised 
observer  to  make  a diagnosis  without  attention  to  the  history  and 
concomitants.  .Mistakes  in  reference  to  this  eruption  are  frecpient,  for 
it  occurs  most  often  in  young  adults — precisely  those  most  likely  to  be 
.suspected  of  venereal  affections.  'I’hc  suddenness  f>f  its  onset,  its  great 
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abundance,  and  its  comjjarative  sameness  of  type  are  all  useful  in 
diagnosis,  but  they  must  be  corroborated  l)y  the  entire  absence  of  other 
symptoms. 

Next  to  that  of  the  exanthem  itself  comes  the  diagnosis  of  the  relapses 
of  eruption,  which  often  occur  between  the  secondary  and  the  tertiary 
epochs.  In  these  there  is  rarely  any  copious  outbreak,  usually  only  a 
few  isolated  patches.  These  are  most  commonly  met  with  in  the  palms 
of  the  hands  or  soles  of  the  feet,  or  on  the  front  aspects  of  the  fore- 
arms or  legs.  They  are  almost  always  dry  and  attended  with  peeling  of 
the  epidermis.  Very  frequently  there  are  small  sores  in  the  mouth  or  on 
the  tongue ; at  the  same  time  a form  of  acne,  chiefly  affecting  the  fore- 
head, and  leaving  little  pits  or  scars,  is  very  often  seen  in  this  stage.  If 
iritic  adhesions  be  present,  or  if  there  be  pits  in  the  skin  of  the  face  and 
trunk,  left  by  a former  rash,  the  suspicion  is  much  strengthened.  The 
suppurating  and  thick -crusted  eruption  known  as  Eupia  often  occurs 
at  this  period,  but  rarely  at  any  great  distance  of  time  from  those  of 
distinctly  secondary  type.  It  is  usually  symmetrical,  and  leaves  behind 
it  the  round  and  superficial  cicatrices  so  well  known  as  “ shilling  ” scars. 

Lastly,  we  must  consider  the  recognition  of  the  various  diseases 
Avhich  come  into  the  category  of  tertiary  symptoms.  When  these  occur, 
it  is  often  many  years  since  the  patient  has  suffered  from  any  other,  and 
it  is  quite  possible  that  he  may  ajjpear  to  be  in  e.xcellent  health.  A few 
of  the  tertiary  symptoms  have  been  so  long  recognised  in  relation  to 
their  true  cause,  and  ai'c  so  rarely  met  with  in  connexion  with  any  other, 
that  in  themselves  they  almost  constitute  their  own  diagnosis,  and  often 
also  help  us  to  that  of  more  obscure  lesions.  Periosteal  swellings  or 
nodes  are  the  chief  of  these.  To  speak  generally  respecting  other  forms, 
we  may  say  that  the  diagnosis  must  be  founded  in  part  upon  the 
patient’s  previous  history,  in  part  upon  any  still  existing  remnants  of 
former  disease — such,  for  instance,  as  iritic  adhesions — and  in  part  upon 
the  peculiarities  of  the  symptoms  themselves.  As  regards  the  patient’s 
antecedents,  I may  just  remark,  liy  way  of  caution,  that  we  must  not 
hastily  assume  that  he  is  syphilitic  because  he  tells  us  that  he  has  had 
the  venereal  disease.  A soft  chancre  with  its  suppurating  bubo,  or 
even  an  attack  of  gonorrhoea,  although  both  of  them  quite  innocent  as 
regards  constitutional  infection,  often  leave  more  vivid  impressions  on 
the  patient’s  mind  than  do  an  indurated  sore  and  its  exanthem.  Those 
Avho  are  most  ready  to  suspect  in  themselves  a venereal  cause,  are  often 
those  who  have  never  had  true  syphilis  at  all.  If,  however,  there  is  a 
clear  history  of  a chancre,  followed  by  secondary  rash,  sore  throat,  and  so 
forth,  then  we  have  obtained  facts  which,  whatever  may  be  the  present 
ailment,  may  be  safely  permitted  to  guide  our  treatment.  The  majority 
of  tertiary  lesions  are  by  conventional  usage  regai'ded  rather  as  surgical 
than  medical,  and  it  would  be  out  of  place  here  to  speak  in  detail  of  the 
diagnosis  of  ulcers,  gummatous  tumours,  and  so  on.  I may  bi'iefl)'’ 
remark  that  the  serpiginous  form  of  ulcenition,  healing  in  the  centre 
and  spreading  at  the  margin,  is  a feature  always  to  be  regarded  with 
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suspicion;  iuul  I may  repeat  that  tumours  in  muscle,  whicli  will  wliollv 
melt  away  under  the  intluenco  of  the  iodide,  are  sometimes  as  hard  and 
as  defineil  as  any  variety  of  malignant  growth,  and  have  often  led  to 
needless  operations. 

In  CJises  of  disease  of  the  nei'vous  system  in  which  syphilis  is  sus- 
pecteil,  an  e-xamination  of  the  patient’s  eyes,  throat,  tongue,  and  til>i;is 
should  never  be  omitted.  The  existence  of  iritic  adhesions,  of  scars  of 
the  soft  palate,  or  of  periosteal  nodes,  will  often  decide  the  question.  The 
occurrence  of  nocturnal  e.xacerbations  of  pain  also  is  always  suspicious. 
If  the  disease  implicate  only  one  nerve-trunk,  especially  if  only  one 
cranial  nerve  be  involved,  the  suspicion  of  syphilis  becomes  very  strong. 
Probably  a very  large  proportion  of  the  cases  of  paralysis  of  the  third, 
fourth,  fifth,  and  sixth  nerves,  when  such  paralysis  affects  only  one 
nerve,  are  due  to  syphilis,  and  are  curable  by  specific  treatment.  In 
these  cases  the  disease  is  hardly  ever  symmetrical,  and  the  paralysis  is 
usually  complete.  The  seventh  nerve  is  occasionally  attacked,  ljut  not 
so  frequently  as  the  others.  The  nerves  of  special  sense  are  not  so 
frequently  affected  in  acquired  syphilis  as  they  are  in  the  inherited 
form.  Nevertheless,  cases  do  occasionally  occur  in  which  blindness 
with  white  atrophy  or  complete  deafness  is  met  with  in  the  subjects  of 
syphilitic  taint,  and  without  other  assignable  cause.  In  these  the  loss  of 
function  is  usually  symmetrical,  and  probably  depends  upon  disease  of 
the  cerebral  centre  rather  than  on  neuroma  of  the  nerve-trunks.  I am 
not  aware  of  any  cases  in  which  paralysis  of  the  branches  of  the  eighth 
pair  have  been  definitely  traced  to  syphilis,  but  no  doubt  such  occur  and 
might  be  recognised  by  due  search.  Paraly.sis  of  single  nerve-trunks  of 
any  of  the  spinal  plexuses — more  especially  of  those  of  the  brachial  plexus 
— are  now  and  then  encountered.  It  is  impossible  to  exaggerate  the 
importance  of  headache  as  a symptom  in  cases  of  tertiary  syphilis,  and 
especiall}’^  in  those  attended  by  other  affections  of  the  nervous  system. 
Headache,  if  new  to  the  patient,  and  particularly  if  severe  and  noctiirnal, 
should  always  be  allowed  to  imply  the  necessity  for  prompt  and  efficient 
specific  measures.  If  not  caused  by  actual  meningeal  inflammation, 
hejidaches  may  be  due  to  artei’ial  disease,  and  may  be  premonitory  of 
thrombosis  and  paralysis.  A few  doses  of  antipyrin  and  aspirin  may  be 
tried,  but  are  not  to  bo  trusted  unless  immediately  effectual. 

The  Diagnosis  of  Inherited  Syphilis  rests  on  somewhat  different 
data.  Indeed,  the  whole  course  of  the  disease,  when  transmitted,  pre- 
sents some  remarkable  features  of  difference  which  I have  endeavoured 
to  bring  into  clear  contrast  in  the  appended  tabular  parallel.  (See  j). 
370.)  Some  local  lesions,  not  infrequent  in  those  who  have  inherited 
the  taint,  occur  with  extremest  railty  in  those  who  have  acquired  it,  as 
for  instance  interstitial  keratitis.  Others  present  important  modifications 
of  chanicter  ; thus  when  periosteal  nodes  occur  in  children,  they  are 
much  more  extensive  than  they  usually  are  in  adults.  Speaking 
generally,  the  so-c;dled  “ tertiary  ” symptoms  of  iidierited  .syphilis,  how- 
ever long  the  interval  of  latency  may  have  been,  are  for  the  most  pai't 
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symmetrical.  We  have  seen  that  those  of  acquired  syj)hilis  are  but 
rarely  so. 

The  early  stages  observed  in  the  course  of  inherited  disease  are 
for  the  most  part  similar  to  those  of  the  acquired  form. 

In  the  infantile  period  we  recognise  syphilis  by  the  peculiarity  of 
certain  single  symptoms  ; or,  more  frequently,  and  Avith  greater  certainty, 
by  the  peculiar  grouping  of  several  difi'erent  symptoms.  First  in 
importance  is  the  rash  on  the  skin.  The  rashes,  as  in  acquired  .syphilis, 
may  vary  much  in  their  character,  but  the  commonest  are  the  erythem- 
atous and  the  papular.  If  it  be  erythema  the  redness  will  shew  itself 
in  abruptly  margined  patches,  and  will  be  chai-acterised  fui-thcr  by 
its  peculiar  red  or  coppery  tint,  compared  by  some  authors  to  that  of 
the  lean  of  ham.  Sometimes  Ave  see  instances  of  thy,  scaly  rashes  in 
infants,  but  these  are  rare.  Pustular,  vesicular,  and  brdlous  rashes  are 
also  not  infrequently  Avitnessed.  Condylomas  at  the  anal  orifice  are 
common,  though  less  frequent  during  the  first  fcAv  months  than  at  later 
periods.  At  the  same  time  as  the  rash,  the  little  patient  almost  ahvays 
displays  the  characteristic  sign  knoAvn  as  “ snuffles,”  and  there  is 
usually  inflammation  of  the  raucous  membrane  of  the  mouth  and  sores  at 
its  angles.  Iritis  occurs  in  a feAv  cases,  has  similar  tendencies  to  those 
seen  in  the  acquired  form,  and  is  equally  under  the  infiuence  of  specific 
treatment.  It  occurs  also  at  the  same  stage,  ahvays  amongst  the  secondary 
symptoms.  Inflammation  of  the  deep-seated  structures  of  the  eye — of 
the  vitreous,  retina,  choroid — are  as  frequent  as  they  are  in  the  adult, 
and  present  the  same  characters.  In  some  cases  there  is  a slight  form  of 
diffuse  periostitis  of  the  skull-bones,  and  more  rarely  inflammation  may 
occur  at  the  junction  of  the  epiphysis  and  .shaft  in  many  long  bones. 

During  the  stage  of  outbreak  of  the  exanthem,  Avhich  lasts,  on  the 
average,  from  the  fourth  Aveek  to  the  sixth  month,  the  child  becomes  fret> 
ful,  pale,  and  emaciated  ; groAvth  is  for  a time  arrested,  and  the  shrivelled 
face  resembles  that  of  an  old  man.  Emaciation  is  certainly  the  rule,  but 
it  has  many  marked  exceptions,  and  we  often  see  syphilitic  infants  Avho 
are  fat  and  plumj)  and  look  remarkably  Avell. 

At  or  about  the  age  of  one  year,  if  the  child  have  survived,  it  is  usual 
for  the  secondary  symptoms  to  di.sappear  entirely.  A period  of  latency 
noAv  ensues,  during  Avhich  the  child  often  enjo}fs  very  good  health. 
Sometimes  relapses  occur,  and  such  subjects  are  especially  liable  to  be 
affected  by  condyloma.  These  relapses  scarcel^y  ever  involve  a return 
of  cutaneous  rash.  I think  that  all  observers  will  bear  me  out  in  the 
statement  that  the  characteristic  rashes  so  often  seen  in  syphilitic  infants 
are  never  Avitnessed  at  later  periods  of  life. 

At  or  after  the  age  of  puberty  the  recognition  of  the  existence  of  inherited 
syphilis  may  sometimes  be  made  Avith  great  certainty  ; at  other  times  it  is 
surrounded  by  difficulties.  Our  most  valuable  aids  are  the  evidences  of 
past  disease,  more  especially  of  the  inflammations  Avhich  may  have 
occurred  in  infancy.  A sunken  bridge  of  the  nose  caused  by  the  long- 
continued  sAvelling  of  the  nasal  mucous  membrane  Avhen  the  hones  Avere 
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soft,  a skin  inarkeil  bj-  little  pits  ami  linear  scars  especially  near  the 
angles  of  the  month,  the  relics  of  an  ulcerating  eruption,  and  jao- 
tuberant  frontal  eminences  consequent  upon  infantile  periostitis,  are 
amongst  the  points  which  go  to  make  up  what  we  recognise  as  the 
heredito-syphilitic  physiognomy.  Atlded  to  them  we  have  very  valuable 
aid  furnished  by  the  sha])e  of  the  incisor  teeth.  In  these  patients  it  is 
very  common  to  find  all  the  incisor  teeth  dwarfed  and  malformed. 
Sometimes  the  canines  are  affected  also.  These  teeth  are  often  narrow, 
rounded,  and  peg-like ; their  edges  are  jagged  and  notched.  Owing  to 
their  smallness  their  sides  do  not  touch,  and  interspaces  are  left.  It  is, 
however,  the  upper  central  incisors  which  are  the  most  trustworthy  for 
purposes  of  diagnosis.  When  the  other  teeth  are  affected,  these  very 
mrelv  escape ; very  often  they  are  malformed  when  all  the  others  are 
of  fairly  good  shape.  The  characteristic  malformation  of  the  upjrer 
central  incisors  consists  in  a dwarfing  of  the  tooth,  which  is  usually  both 
narrow  and  short,  and  in  the  atrophy  of  its  middle  lobe.  This  atrophy 
leaves  a single  broad  notch  (vertical)  in  the  edge  of  the  tooth ; and  some- 
times from  this  notch  a shallow  furrow  passes  upwards  on  both  anterioi- 
and  posterior  surfaces  nearly  to  the  gum.  This  notching  is  usually 
symmetrical.  It  may  vary  much  in  degree  in  different  cases ; sometimes 
the  teeth  diverge,  while  in  others  they  slant  towards  each  other.  Fig.  6 
illustrates  a good  example  of  the  deformity.  In  any  case  in  which  the 


Fig.  0.  Teeth  in  inherited  syphilis.  Fin.  7. 


malformation  is  as  marked  as  in  ■ this  sketch,  no  hesitation  need  be  felt 
in  pronouncing  the  possessor  of  the  teeth  to  be  the  subject  of  inherited 
syphilis  even  in  the  absence  of  other  testimony.  I have  never  }'et  seen 
such  teeth,  excepting  in  patients  of  this  class.  In  the  majority  of  cases, 
however,  the  condition  of  the  teeth  is  sufficient  only  to  excite  susiffeion 
and  not  to  decide  the  diagnosis.  In  a few  rare  cases  only  one  of  the 
upfier  central  incisors  is  malformed,  the  other  being  of  natural  shape  and 
size.  A good  instance  of  this  state  of  things  is  shewn  in  Fig.  7. 

In  a coihsiderable  number  of  cases  of  heredito-syphilis  the  tooth 
shew  no  deviation  whatever  from  the  normal  standard,  and  in  such 
the  di;igno.sis  must  be  based  on  other  conditions.  In  addition  to  the 
jieciiliar  malformations  above  described  and  illustrated,  there  are  others 
which,  although  less  characteristic,  are  yet  very  valuable  to  a trained 
observer.  They  do  not,  however,  admit  of  description  without  great 
risk  of  misleafling  the  reader.  Uefore  leaving  the  subject  of  dental 
malformations  I mav  again  jioint  out  that  it  is  only  in  the  permanent 
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set  that  any  peculiarities  are  observed.  The  first  set  are  liable  to 
premature  decay,  but  are  not  malformed. 

In  addition  to  the  peculiarities  of  physiognomy  and  the  malformations 
of  the  teeth,  the  diagnosis  may  be  much  helped  by  observing  the  state 
of  the  eyes  and  of  the  bones.  If  there  be  evidences  of  past  iritis,  or  if 
there  be  marginal  clouds  in  the  substance  of  the  corneas,  the  residts  of  j)ast 
keratitis,  or  especially  if  the  corneas  be  now  attacked  by  this  peculiar 
inflammation  in  its  acute  stage,  very  valuable  evidence  will  have  been 
obtained.  The  phenomena  of  syphilitic  keratitis  in  its  acute  stage  are 
peculiar  and  easily  recognised.  Both  eyes  are  usually  affected  at  the 
same  time.  The  corneal  tissue  becomes  very  extensively  opaque  by  the 
effusion  of  lymph  into  its  substance ; its  tint  may  vary  fi-om  that  of 
ground  glass  to  a red  salmon  colour.  There  are  no  ulcers  in  its  surface. 
A zone  of  ciliary  congestion  is  usually  well  marked.  Whilst  the  disease 
is  at  its  height  the  patient  is  often  for  several  months  practically  blind. 
The  intolerance  of  light  is  usually  considerable.  After  the  inflammation 
has  passed  away  the  cornea  usually  clears  in  a most  remarkable  manner, 
but  it  rarely  regains  such  perfect  transparency  that  the  experienced 
observer  cannot  detect  traces  of  what  has  taken  place.  Thes§  traces 
consist  in  a somewhat  dusky  and  thin  sclerotic  in  the  ciliary  region,  and 
in  the  presence  of  slight  clouds  here  and  there  in  the  corneal  substance, 
there  being  no  scars  in  its  surface.  The  difference  between  these  inter- 
stitial clouds  and  ordinary  leucomas  is  easily  observed. 

In  a few  cases  the  existence  of  nodes  on  various  long  bones  may  help 
us  to  a diagnosis ; in  others  we  may  obtain  aid  from  finding  that  the 
patient  has  become  deaf  without  otorrhoea,  or  that  he  is  partiallj'  blind 
from  choroiditis.  What  are  known  as  Parrot’s  bosses  are  low  elevations 
on  the  parietal  eminences  caused  by  infantile  periostitis. 

With  regard  to  the  general  arrest  of  development  [infantilism]  in 
heredito-syphilis,  I may  remark  that  it  is  a very  untrustworthy  indica- 
tion. In  a few  cases  this  taint  dwarfs  the  whole  body  in  a most 
remarkable  manner,  but  in  most  cases  no  retardation  of  general  growth 
is  observable.  A pale  complexion  is  almost  always  met  with.  It  is 
exceedingly  rare  to  meet  with  a good  florid  complexion  in  a young  adult 
who  is  the  subject  of  this  taint.  We  do,  however,  every  now  and  then 
see  a physiognomy  which  neither  in  shape  of  features  nor  in  colour  of 
cheeks  and  lips  furnishes  the  slightest  clue.  I have  met  with  arrest  of 
sexual  development  in  one  or  two  instances.  In  one  of  these,  a }'Oung 
woman  who  was  under  the  care  of  Dr.  Hughlings  .lackson  in  the  London 
Hospital,  there  was  such  an  entire  absence  of  all  sexual  characteristics, 
that  I could  not  but  suspect  that  the  ovaries  had  been  destroyed  by 
syphilitic  iTiflammatiou  in  early  life. 

Contrasted  Parat.lel  between  the  Course  oe  Sympto.ms  in- 
acquired  AND  Inherited  Syphius 

I have  endeavoured  in  the  following  tabular  statement  to  compare  as 
clearly  as  I can  the  resemblances  and  differences  in  the  course  of  sj-mptoms 
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when  arising  from  acquired  or  from  inherited  taint.  To  some  of  these  I 
have  already  incidentally  alluded,  and  respecting  the  others  tlio  statements 
in  the  table  will,  T trust,  explain  themselves : — 


Primary  Stage.  — Local  or 
stage  of  inoculation. 

The  sore,  which  may  have 
been  present  almost  from 
the  first,  does  not  assume 
characteristic  features  un- 
til the  end  of  a month. 
It  may  remain  for  a fort- 
night to  six  months. 

Secmidary  Stage.- — Systemic 
or  exanthem  stage. 

Usually  commences  within 
six  weeks  or  two  months  of 
the  inoculation,  and  if  not 
treated,  may  last  from 
three  to  six  months  or 
a year. 

Essentially  transitoiy,  and 
will  usually  disappear 
without  treatment. 


Intermediate  Stage. — Stage  of 
latency  or  of  relapses. 

This  stage  may  be  said  to 
commence  at  from  a year 
to  a year  and  a half  after 
the  contagion,  and  to  ex- 
tend over  a period  which 
may  vary  from  tliree  to 
five,  ten,  or  even  twenty 
years.  It  passes  insensibly 
into  the  tertiary  stage. 


Acquired  Disease 

An  ulcer  (chancre)  usually  with  indurated 
base.  Indurated  lymphatic  glands.  Induration 
is  to  be  regarded  as  the  earliest  proof  of  in- 
fective inoculation,  but  it  is  not  infrequentlv 
absent  throughout. 


Febrile  disturbance,  malaise  and  muscular 
pains.  Slight  engorgement  of  lymphatic  glands 
in  many  parts.  A symmetrical  and  usuallj'^ 
copious  eruption  on  the  skin,  and  often  on 
exposed  mucous  surfaces.  Symmetrical  ulcers 
on  tonsils.  Iritis,  retinitis,  etc. ; usually  sym- 
metrical. Loss  of  hair,  fle.sh,  and  strength. 
This  stage  may  be  either  exceedingly  slight 
or  very  severe.  Its  severity  appears  to  bear 
proportion  to  the  degree  of  induration  of 
the  preceding  chancre.  It  is  often  noticed  that 
the  rash  comes  out  in  successive  crops.  The 
rash  may  also  vary  verj''  widely  as  to  its 
character,  roseolous,  scaly,  papular,  pustular, 
ecthymatons,  etc.,  being  modified  probably  by 
peculiaritj^ — first,  in  the  source  of  contagion  ; 
secondly,  in  the  idiosyncrasy  of  the  recipient. 
The  whole  of  the  arterial  and  capillary  system 
may  stiffer. 

The  patient  may  be  either  wholly  free  from 
symptoms  and  in  good  health,  or  he  may  remain 
pale  and  rather  feeble,  and  liable  from  time  to 
time  to  slight  returns  of  eruption  on  the  skin, 
sores  on  the  mucous  membranes,  condylomas, 
etc.  Tlie  arterial  system  is  still  liable  to  be 
affected,  and  various  forms  of  paralysis  may  result. 
He  is  protected  as  regards  fresh  contagion,  and 
should  he  beget  children  they  are  very  likely  to 
suffer.  The  relapses  during  this  .stage  are  usu- 
ally easy  to  distinguish  from  true  second- 
ary symptoms.  There  is  little  or  no  febrile 
disturbance,  the  rash  is  not  copious,  and  often 
not  symmetrical.  Acute  iritis,  retinitis,  etc.,  very 
rarel}'  occur  ; that  is,  they  do  not  occur  for  the 
first  time,  though  they  may  in  the  form  of  relapse.s. 
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Tertiary  Stage,  or  stage  of 
sequels. 

Tills  stage  commences  at 
from  four  to  ten  or  to 
twenty  years  after  tlie 
contagion,  and  extends 
indefinitely,  occasionally 
to  the  end  of  life. 


Primary  Stage. 

The  infants  usually  remain 
without  symptoms  for 
from  one  week  to  three 
months. 

Secondary  Stage.  — Systemic 
or  exanthem  stage. 

From  the  age  of  two  to  four 
weeks  to  the  end  of  the 
first  year. 

This  stage  is  essentially  tran- 
sitory, and,  if  the  child 
survives,  will  usually  dis- 
appear without  treatment. 


All  the  symptoms  in  this  stage  occur,  as  a 
rule,  without  bilateral  symmetry.  They  are 
sometimes  multiple,  but  not  infrequently  single. 
They  consist  of  chronic  inflammations  of  deep 
tissues,  or  of  the  deejier  layers  of  superficial 
ones,  for  example — inflammations  of  periosteum 
and  bone  resulting  in  nodes  ; of  cellular  tissue, 
tendon,  or  muscle,  resulting  in  gummas  ; ulcer- 
ative de.struction  of  the  palate  and  pharynx  ; 
serpiginous  ulcerations  of  the  skin  ; inflamma- 
tions of  nerves,  or  even  of  cerebrospinal  centres, 
inducing  various  forms  of  paralysis  ; deposits 
in  liver,  lungs,  etc.  Diseases  of  the  arterial 
system  are  now  less  common.  Probably  little 
or  no  liability  to  transmit  the  disease  to  off- 
spring. Protection  against  a new  contagion 
incomplete.  All  the  inflammations  in  this 
stage  are  remarkably  under  the  influence  of 
treatment  by  iodide  of  potassium,  but  tend 
to  relapse.  Mercury  is  useful  in  many,  but  not 
in  all.  Unless  treated,  all  of  them  tend  to  pro- 
gression and  permanent  disorganisation  of  the  part 
attacked,  none  of  them  to  spontaneous  recovery. 

Inherited  Disease 

This  stage  has  been  2iassed  through  by  one  or 
both  of  the  sufferer’s  parents  within  from  a few 
months  to  several  years  before  the  infant’s  birth. 
The  infant  never  exhibits  any  trace  of  a primary 
sore  and  is  usually  free  from  all  symptoms  at 
the  time  of  birth. 

Inflammation  of  nasal  mucous  membrane 
causing  “snuffles.” 

A symmetrical  and  usually  copious  eruption 
on  the  skin.  Wasting  ; fretfulness ; a jieculiar 
odour  ; a withered,  senile  aspect ; inflammation 
of  the  mouth,  and  condylomas  at  anus ; iritis, 
usually  symmetrical  ; arachnitis  and  slight 
effusion  ; disease  of  liver  ; nodes.  Periostitis 
of  the  skull-bones  frequently  occurs  symmetric- 
ally. The  eruptions  which  occur  differ  from 
those  of  acquired  disease,  chiefly  in  being  more 
moist,  and  in  preferring  the  thighs  and  genitals. 
These  differences  may  in  jiart  be  due  to  iieculi- 
arities  in  the  skin  of  young  infants,  and  to  the 
constant  irritation  from  urine  to  which  the 
nates  are  liable.  Dry  scaly  rashes  are  rare. 
Iritis  is  much  less  frequent  than  in  the  adult, 
but  just  as  well  characterised  when  it  does  occur. 

In  infants  this  stage  often  proves  fatal. 
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Intermediate  Stage. — Stage  of 
latency. 

This  stage  extends  from  the 
end  of  the  first  year  or 
eighteen  months  to  the 
second  dentition,  the  time 
of  puberty,  or  even  very 
much  later. 


Tertiary  Stage,  or  stage  of 
sequels. 

This  stage  may  commence 
with  the  second  dentition, 
at  the  time  of  puberty,  or 
not  till  much  later.  Its 
duration  is  quite  indefi- 
nite, and  its  symptoms 
very  peculiar. 
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The  patient  will  probably  be  wholly  free 
from  active  symptoms,  but  will  shew  various 
indications  of  his  diathesis  in  jiallor  of  skin, 
sunken  nose,  protuberant  forehead,  and  prema- 
ture loss  of  the  upper  incisor  teeth.  Sometimes 
there  will  be  a remarkable  retardation  of  growth 
and  general  development.  When  second  denti- 
tion occurs,  the  central  upper  incisors  may  very 
probably  be  malformed.  Unlike  what  happens 
during  this  stage  in  acquired  syphilis,  we 
scarcely  ever  observe  any  tendency  to  relapses 
of  the  secondary  symptoms.  Now  and  then  we 
see  condylomas  at  the  anus  returning  during 
the  first  five  years,  but  the  rash  of  infantile 
syphilis  having  once  disappeared,  scarcely  ever 
relapses.  A certain  degree  of  nasal  obstruction 
sometimes  persists,  but  not  often. 

Most  of  its  symptoms  are  symmetrical : — 

Keratitis  (interstitial)  ; kerato  - iritis  ; peri- 
osteal nodes  ; deafness  (not  infrequent) ; blind- 
ness (rare) ; disease  of  liver  and  kidneys  ; 
phagedtenic  or  serpiginous  ulcerations  of  skin  ; 
cellular  nodes  (rare).  Probably  not  liable  to 
transmit  the  disease  to  offspring.  Protection 
against  a new  contagion  incomplete.  The 

symmetry  of  the  symptoms  is  in  marked  con- 
trast with  what  occurs  in  the  true  tertiary  stage 
of  the  acquired  disease.  The  paralysis  of  single 
cranial  or  spinal  nerves,  so  common  from 
acquired  syphilis,  are  seldom  met  with  in  the 
inherited  form. 

Most  of  the  inflammations  tend,  unless  arrested 
by  treatment,  to  permanent  disorganisation,  but 
one  (interstitial  keratitis)  tends  to  recovery  even 
without  treatment.  They  are  much  less  easily 
influenced  by  specifics  than  those  of  the 
acquired  disease.  Disease  of  the  arterial  system 
and  its  consequences,  so  common  in  acquired 
syphilis,  are  very  seldom  seen  in  the  subjects  of 
inherited  taint. 


Jonathan  Hutchinson. 


INFECTIVE  DISEASES  OF  DOUBTFUL  NATUEE 


MEASLES 

GERMAN  MEASLES 
SCARLET  FEVER 
CHICKEN-POX 
SMALL-POX 
TYPHUS  FEVER 


INFECTIVE  CORYZA 

WHOOPING-COUGH 

MUMPS 

GLANDULAR  FEVER 
RHEUMATIC  FEVER 


COMMUNICABLE  FROM  ANIMALS  TO  MAN 

VACCINIA 

FOOT-AND-MOUTH  DISEASE 
HYDROPHOBIA 


CO-EXISTENCE  OF  INFECTIOUS  DISEASES 


MEASLES 


Synonyms. — Morbilli ; Fr.  Rougeole ; Ger.  Maseru. 

By  Dawson  Williams,  M.D.,  F.R.C.P. 

Measles  is  a specific,  infectious,  eruptive  fever,  characterised  by  coryza 
and  catarrh  of  the  upper  part  of  the  respiratory  tract,  and  by  a peculiar 
blotchy  eruption  on  the  skin. 

Statistics. — The  liability  of  all  races  of  mankind  to  measles  appears 
to  be  equally  gi-eat.  No  age,  however  advanced,  affords  protection,  and 
infants  have  been  born  ivith  the  rash.  It  is  true  that  a far  larger 
number  of  cases  occurs  among  children  than  among  adults,  but  this  is 
because  in  civilised  countries  few  individuals  escape  infection  during 
childhood. 

In  Great  Britain  about  60  per  cent  of  the  deaths  from  measles  occur 
in  children  under  two  years  of  age,  about  90  per  cent  among  those  under 
five,  and  about  98  per  cent  among  those  under  ten.  The  mortality  under 
six  months  of  age  is  comparatively  small,  and  it  is  probable  that  about 
half  the  individuals  who  die  of  this  disease  are  children  between  the  ages 
of  six  months  and  two  years.  Persons  appear  to  be  attacked  with  equal 
frequency  at  all  ages  in  isolated  communities — such  as  those  of  Fiji  and 
of  the  Faroe  Islands — into  which  the  infection  of  measles  is  introduced 
for  the  first  time  or  after  a long  interval. 


Chart  4. — The  mean  line  represents  an  average  weekly  number  of  34  deaths. 

Fifty  years  18-11-90. 

Proni  Uie  Annv/il  Summary  (London  and  other  groat  towns),  1890,  issued  by  the  Ueglstrar-Oenural. 


The  statistics  of  the  Registrar-General  shew  that  measles  in  England 
and  Wales  attains  a maximum  at  two  periods  in  eacli  year — in  Juno  and 
VOL.  II. — vv.  I 38^  2 0 
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December ; but  there  are  also  years  of  epidemic  prevalence,  when  the 
mortality  reaches  an  exceptionally  high  level.  Dr.  Whitelegge  states  that 
in  English  towns  the  interval  between  these  epidemic  outbursts  is  usually 
about  two  years,  but  that  it  is  occasionally  six  months  more  or  six  months 
less — due,  as  he  suggests,  to  the  fact  that  the  seasonal  curve  shews 
two  maxima.  He  believes,  also,  that  there  is  distinct  evidence  of  an 
epidemic  wave  of  longer  period,,  recurring  at  intervals  of  about  ten  years, 
when  a very  high  mortality  is  produced.  He  points  out  also  that  in 
populous  places  the  fatality  of  measles  may  become  gradually  greater 
through  a series  of  epidemics,  until  a rate  double  or  treble  that  of  the 
ordinary  seasonal  maximum  is  reached. 

The  case-mortality  of  measles  varies  much  in  different  epidemics,  and 
ill  relation  to  the  age,  previous  state  of  health,  and  sanitary  surroundings 
of  the  patient.  The  mortality  from  this  cause  among  children  in  foundling 
institutions  may  reach  an  enormous  proportion  : thus  in  the  Hospice  des 
Enfants  Assist6s  in  Paris  the  deaths  reached  an  annual  average  of  44  per 
cent  in  the  four  years  1882  to  1885  (7). 

While  it  is  true  that  there  is  evidence  that  the  severity  of  the  disease 
itself  varies  in  different  epidemics,  a much  more  important  factor  appears 
to  be  the  goodness  or  badness  of  the  hygienic  conditions  under  which  the 
children  are  placed.  Chief  among  the  causes  of  a high  mortality  are 
overcrowding  and  insufficient  ventilation,  which  favour  respiratory  com- 
plications, especially  bronchopneumonia.  The  mortality  in  the  Paris 
institution  already  mentioned  has  been  reduced  at  least  one-half  by 
systematic  isolation  not  only  of  the  children  suffering  from  measles,  but 
also  of  children  suffering  from  measles  complicated  by  bronchopneumonia 
from  other  children  with  measles  but  not  presenting  this  complication. 
In  an  epidemic  of  a mild  type  the  mortality  among  children  treated  at 
home  may  be  almost  nil  ; though  the  deterioration  of  health  due  to  the 
disease,  and  in  particular  the  special  liability  to  the  development  of  fatal 
tuberculosis  which  it  produces,  exercise  some  influence  in  increasing  the 
death-rate  of  a district.  The  mortality  of  persons  attacked  with  measles 
varies  greatly  with  age.  It  is  highest  between  the  ages  of  six  months 
and  two  years,  and  falls  rapidly  after  the  fourth  year.  Henoch  had 
among  hospital  cases  a mortality  of  5 5 ’5  per  cent  among  133  children 
under  two  years  of  age,  .and  of  9 ‘5  per  cent  .among  161  children  over  two 
years  old.  Gannelon’s  statistics  from  the  Hospice  des  Enfants  Assist^s 
are  .as  follows  : — 


0-6  months,  23 ‘68  per  cent. 

3-4 

years,  13-66 

6-12  „ 57-77  ,, 

4-5 

„ 6-20 

1-2  years,  53 -94  „ 

5-10 

„ 2-4 

2-3  „ 27-73  „ 

10-21 

„ 0-0 

Embden,  during  an  epidemic  at  Heidelberg,  had  among  cases  treated 
at  home  a mortality  of  14  per  cent  in  children  one  year  old  or  under, 
7 ‘5  per  cent  in  children  from  one  year  old  to  four,  and  2'2  percent 
from  four  years  old  to  thirteen.  The  main  cause  of  the  high  mortality 
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in  hospitals  among  chiklron  nndor*  four  years  old  is  l)ronchopneumonia ; 
though  the  occurronco  of  membranous  jiharyngitis  or  laryngitis  is  also 
responsible  for  a large  number  of  deaths  {mde  also  vol.  i.  p.  6-1). 

Pathology. — The  mode  in  which  the  infection  of  measles  is  contracted 
is  in  most  cases  personal  intercourse.  The  infection  is  ijerhaps  greatest 
during  the  earliest  sbige.  It  is  present  at  the  onset  of  the  prodromal 
s3*mptoms,  possibly  even  a little  earlier,  and  persists  down  to  the  time 
when  the  rash  fades.  Thereafter  it  declines  rapidly.  Though  infection 
may  be  derived — especially,  perhaps,  if  desquamation  be  well  marked — 
from  a person  who  has  recovered  sufficiently  to  resume  his  ordinary 
occupation,  it  is  rarely  that  infection  can  be  traced  to  a convalescent 
later  than  three  weeks  after  the  commencement  of  his  attack ; though 
infection  may  persist  longer  in  complicated  cases.  On  the  other  hand,  it 
is  probably  as  great  on  the  first  day  of  the  prodromal  symptoms,  even 
though  these  be  slight,  as  at  any  subsequent  date.  Though  not  in- 
frequently conveyed  by  clothes,  it  is  seldom  retained  long  by  fomites  or 
utensils.  Though  it  is  highly  probable  that  measles  is  due  to  a specific 
micro-organism  its  nature  is  as  yet  unknown.  The  important  part  played 
by  infective  organisms  in  the  complications,  which  are  in  the  main 
responsible  for  the  mortality  of  measles,  will  be  considered  subsequently. 

The  eruption  is  produced  by  congestion  and  leucocytic  infiltration. 
The  infiltration  is  greatest  about  the  vessels,  the  sebaceous  glands,  and 
the  sweat-glands.  When  the  congestion  is  sufficiently  intense,  small 
htemorrhages  may  occur  into  the  derma  or  subcutaneous  tissues.  There 
is  also  some  infiltration  into  the  superficial  papillary  layer.  Localised 
colloid  degeneration  of  the  cells  may  ensue,  producing  the  false  appearance 
of  a vesicle  croAvning  a papule  produced  by  the  intense  congestion  about 
the  centre  of  degeneration. 

It  is  difficult  to  distinguish  the  visceral  lesions  due  directly  to  the 
infection  of  measles  from  those  produced  by  secondary  infections.  The 
catarrh  of  the  mucous  membrane  of  the  eyes,  nose,  mouth,  pharynx, 
lar\mx,  and  bronchi  favours  the  development  of  secondary  2:>rocesses  due 
to  infection — in  the  mouth,  nose,  and  larynx  by  pyogenetic  organisms,  in 
the  lungs  by  the  various  organisms  associated  Avith  pneumonia,  and  in 
the  larynx  by  “ diphtheria.”  The  bronchopneumonia  does  not  differ  from 
that  not  secondary  to  measles,  except  perhaps  by  the  gi’eater  rapidity 
Avith  Avhich  it  develops,  and  a greater  tendency  to  the  formation  of  pus. 
Comil  and  Babes  have  described  a special  form  of  pneumonia  the 
primary  lesion  of  Avhich  appears  to  be  an  inflammation  of  the  lymphatics 
and  interalveolar  connectiA'e  tissue ; fibrinous  exudation  occurs  at  first  in 
these  situations,  and  invades  the  aWcoli  later.  On  account  of  this  peculiar 
distribution  it  is  held  that  this  form  of  pneumonia  is  due  to  the  ]>rimary 
infection  of  measles.  The  exudation  it  produces  undergoes  granular  and 
then  fatty  degeneration,  leading  to  the  formation  of  caseous  areas  Avhich 
simulate  tuberculosis.  Tuberculous  disease  of  the  lungs  is  found  in  a 
large  profKwtion  of  children,  over  five  ymars  of  ago,  Avho  die  some  little 
time — Aveeks  or  months — after  the  onset  of  measles.  In  some  of  these 
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cases  there  is  true  miliary  tuberculosis;  which  may  invade  not  only  the 
lungs  but  also  the  spleen,  meninges,  and  other  organs ; in  others  there 
is  tuberculous  caseation  of  the  bronchial  glands,  or  caseous  areas  in  the 
lung,  though  these  are  often  masked  by  attendant  bronchopneumonia. 
Inflammatory  engorgement  of  the  bronchial  lymphatic  glands  is  the  rule, 
and  some  simple  chronic  enlargement  may  persist,  though  tuberculous 
adenitis  is  probably  the  more  common  sequel. 

Incubation. — The  interval  between  exposure  to  infection  and  the 
onset  of  the  prodromal  symptoms  is  usually  ten  days,  but  may  be  as  short 
as  five  or  perhaps  four  days.  On  the  other  hand,  it  may  be  as  long  as 
fourteen  days,  in  which  case  the  rash  would  not  appear  until  the  seven- 
teenth, eighteenth,  or  even  the  nineteenth  day  after  infection.  Though 
the  period  of  about  fourteen  days  from  exposure  to  the  appearance  of  the 
rash  is  that  met  with  in  the  vast  majority  of  cases,  it  is  important  to 
recognise  that  it  may  be  four  or  five  days  longer,  since  such  exceptional 
cases  must  be  taken  into  account  in  estimating  the  period  for  which  a 
susceptible  person  who  has  been  exposed  to  infection  should  be  isolated 
from  other  persons  who  have  not  had  the  disease.  An  interval  of  a full 
fortnight  must  be  allowed ; and  at  the  end  of  that  time  the  person  must 
be  free  from  fever,  catari-h,  and  photophobia  before  it  can  be  said  that 
he  has  escaped  infection. 

Symptoms. — Prodromal  Stage. — From  eight  to  ten  days  after  exposure 
to  infection  the  patient  begins  to  suffer  from  catarrh  of  the  mucous 
membranes  of  the  eyes,  nose,  pharynx,  and  larynx.  The  temperature  is 
raised  (102°  to  104°  F.),  cough  is  troublesome,  but,  beyond  a little 
scattered  sibilus,  examination  of  the  chest  reveals  no  physietd  signs.  The 
face  is  puffy  and  pale,  or  a little  dusky.  The  eyes  water,  the  sclerotic 
is  injected,  and  the  palpebral  conjunctiva  red  and  swollen ; there  is 
some  photophobia,  it  may  be  much.  A thin,  Avateiy  fluid,  discharged 
from  the  nose,  irritates  the  upper  lip ; the  voice  and  cough  are  hoarse ; 
the  tongue  is  covered  by  a white  fur,  its  edges  are  red,  and  the  papilla) 
enlai’ged.  The  mucous  membrane  of  the  mouth  and  pharynx  is  red, 
cedematous,  and  loses  its  polish.  In  a large  proportion  of  cases  during 
the  prodromal  stage,  and  usually  first  on  the  second  day,  certain  character- 
istic spots  may  be  observed  on  the  buccal  mucous  membrane.  They 
should  be  looked  for  on  the  cheeks  opposite  the  molar  teeth,  and  consist 
of  minute  opalescent  spots,  white  with  a faint  bluish  tinge,  Avith  a red  or 
pink  areola.  Their  characters  can  only  be  recognised  in  a white  light, 
diffused  daylight  being  best,  and,  Avhen  found,  apjiear,  according  to  Bing, 
the  latest  Avriter  on  the  subject,  to  be  pathognomonic.  They  Avere  first 
noticed  by  Flindt  at  Samsoe  in  Denmark,  lint  the  credit  of  draAving 
general  attention  to  their  diagnostic  importance  belongs  to  Koplik  of 
NeAv  York,  and  they  are  often  spoken  of  as  Koplik’s  spots  or  sign.  Ihe 
areola  around  each  spot  gradually  enlarges,  until  by  a coalescence  the 
mucous  membrane  becomes  generally  red,  closely-set  Avith  the  mimite 
opalescent  spots.  The  opalescence  appears  to  be  due  to  local  collections 
of  cedematous  epithelial  cells,  and  the  spots  usually  disappear  soon  after 
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the  time  of  the  appearance  of  the  eruption.  Opinions  differ  as  to  the 

constanc}'  of  this  sign,  but  Holt,  in  a series  of  187  cases  in  one  epidemic, 

found  the  spots  in  1G9  cases,  doubtfully  present  in  10,  and  absent  in  8 
only.  In  54  patients  the  sign  was  noticed  one  day  before  the  rash,  in 
2-5  two  days  before,  in  4 three  days  before,  and  in  2 five  days  before. 
In  2 cases  they  were  not  seen  until  after  the  skin  eruption,  and  in  78 
cases  fever,  rash,  and  Koplik’s  spots  were  all  present  at  the  first 

observation.  In  one  case  only  were  the  spots  seen  in  a case  in  which 

no  eruption  was  observed,  but  this  patient  had  been  exposed  to  eruption 
and  had  prolonged  fever.  In  only  one  case  were  the  spots  seen  before 
any  elevation  of  temperature.  The  aspect  of  the  child  in  the  prodromal 
stage,  if  not  entirely  characteristic,  is  at  least  extremely  suggestive.  On 
the  second  day  the  temperature  is  higher,  the  secretion  from  the  nose  and 
nirso-pharynx  is  muco-purulent,  and  the  glands,  especially  those  behind 
and  beneath  the  lower  jaw,  are  enlarged  and  tender.  An  eruption  of 
closely-set  red  points  may  be  visible  on  the  palate  and  the  buccal  mucous 
membrane.  The  child  as  a rule  is  extremely  irritable,  owing  in  great 
part  to  the  distress  caused  by  the  photophobia  and  by  thirst.  Shivering 
fits,  or,  in  young  children,  convulsions,  may  occur  during  the  prodromal 
stage ; these,  however,  are  generally  slight  and  of  short  duration.  In 
some  epidemics  the  patient  during  the  prodromal  stage  remains  in  a dull, 
somnolent  state.  During  this  period  there  may  be  marked  symptoms  of 
laryngitis,  or,  especially  in  quite  young  children,  attacks  of  laryngismus. 
In  some  epidemics  epistaxis  has  been  observed  in  a large  proportion  of 
cases,  occasionally  to  a serious  extent. 

Eruptive  Stage. — The  eruption  appears  on  or  about  the  fourth  day, 
often  in  the  night  between  the  third  and  fourth  days.  It  is  noticed 
first  on  the  forehead,  at  the  edge  of  the  hairy  scalp  or'  behind  the  ears ; 
and  a little  later  on  the  cheeks,  chin,  and  neck : after  some  hours  it 
spreads  do'wnwards,  reaching  in  succession  the  trunk,  arms,  and  lower 
limbs.  It  begins  to  decline  in  about  twenty-four  hours,  so  that  it  may  be 
fading  on  the  face  while  yet  it . has  not  reached  its  full  intensity  on  the 
lower  limbs.  Occasionally  there  are  distinct  short  intervals  between  the 
appearance  of  the  rash  on  the  face,  the  trunk,  and  the  limbs.  In  other 
cases,  after  coming  out  well  on  the  face,  it  fades  rapidly  and  does  not 
reach  the  trunk.  This  rapid  disappearance  of  the  rash  is  sometimes 
observed  in  very  mild  cases ; sometimes  it  marks  the  onset  of  serious 
^■isceral  complications,  as  the  general  condition  of  the  patient,  the 
temperature,  and  the  physical  signs  will  indicate.  The  rash,  especially 
that  on  the  face,  is  at  first  a diffuse  redness,  or  consists  of  closely- 
set  red  points ; but  in  a few  hours  small,  round,  red  spots,  Avhich  give 
to  the  finger  the  sensation  of  very  low  flat  papules,  form  in  the 
affected  parts.  As  they  enlarge  they  form  patchc.s,  ofteTi  crescentic  in 
form,  with  a scalloped  edge,  and  assume  a dusky  red  or  mulberry  colour. 
When  they  reach  this  stage  the  colour  of  the  ]>atches  is  not  discharged 
by  pressure,  and  small  ecchymoses  frequently  appear.  While  the  rash  is 
coming  out  the  catarrhal  symptoms  persist,  or  are  somewhat  aggravated  ; 
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the  laryngeal  symptoms  in  particular  may  become  more  marked,  owing 
to  extensive  catarrh  of  the  mucous  membrane,  which  may  cause  even  a 
slight  reddening  of  the  vocal  cords  themselves. 

The  eruption  may  be  irregular  in  character,  intensity,  and  distribution. 
An  unusual  amount  of  congestion  may,  by  throwing  up  the  hair-bulbs, 
give  rise  to  a papular  appearance,  which,  if  the  rash  be  scanty,  may 
resemble  the  early  stage  of  varioloid.  The  rash  at  its  first  appearance 
may  be  so  intense  and  confluent  as  to  cause  an  almost  uniform  reddening 
of  the  face,  neck,  and  chest,  so  as  to  suggest  scarlet  fever ; but,  even  if  the 
reddened  areas  cannot  be  made  out  to  have  a well-defined  scalloped  edge, 
the  nature  of  the  eruption  will  be  evident  after  a few  hours.  In  rickety 
children  and  in  warm  weather  the  true  rash  is  often  preceded  by 
sudamina.  In  children  infested  by  fleas  or  lice  the  general  tint  of  the 
rash  may  be  deepened  by  very  numerous  petechias  or  by  “marbling.” 
Ecchymoses,  especially  on  the  back  and  thighs,  are  frequently  produced 
in  cachectic  children ; in  whom  also  the  rash  is  commonly  discrete 
and  pale. 

Physical  signs  of  bronchitis  are  seldom  absent  during  this  stage. 
Sibilant  rhouchi  may  be  heard  in  all  parts  of  the  chest,  especially  in 
the  interscapular  region,  and  give  Avay  after  a short  time  to  moist  rales. 
The  expectoration,  seldom  observed  in  very  young  children,  is  at  first  clear 
and  stringy  ; later  it  becomes  purulent  and  nummular.  In  both  stages  it 
is  remarkably  viscous  and  tenacious.  The  child  continues  to  be  extremely 
thirsty,  but  refuses  food.  Diarrhcna  of  foul-smelling  slimy  stools  very 
commonly  occurs  during  the  eruptive  stage,  either  at  the  onset  of  the 
rash  or  as  it  fades.  The  child  is  restless  and  peevish  by  night,  but 
often  sleeps  much  in  the  day. 

As  a rule  the  eruptive  stage  lasts  three  or  four  days,  but  may  con- 
tinue for  six. 

Convalescent  Stage. — After  an  uncomplicated  attack  convalescence  is 
as  a rule  rapid.  As  the  rash  fades  thirst  diminishes,  the  nasal  discharge 
decreases,  sleep  becomes  natural,  and  appetite  returns.  Cough  and  some 
photophobia  remain  for  a few  days  more ; but  the  signs  of  bronchitis 
clear  up  rapidly,  and  at  the  end  of  ten  days  or  a fortnight  from  the 
onset  of  the  prodromal  symptoms  the  child  may  appear  to  be  quite  well. 
A little  fine  branny  desquamation  may  generally  be  observed,  especially 
about  the  face,  neck,  and  waist ; occasionally  it  is  very  extensive  and 
detached  in  flakes,  especially  if  there  has  been  some  miliary  eruption. 

Departures  from  the  usual  Type. — Mild  Forms. — The  symptoms  of 
the  prodromal  period  may  be  so  slight  as  to  pass  quite  unobserved. 
Occasionally  the  period  is  prolonged  to  six  or  eight  days.  The  disease 
sometimes  appears  to  abort  early  in  the  eruptive  stage,  and  convalescence 
begins  about  the  second  day  of  that  period.  Occasionally,  during  an 
epidemic  of  measles,  cases  characterised  by  fever,  coryza,  lironchitis,  and 
gastric  derangements,  but  without  any  rash,  are  met  with  ; as  these 
l>atients  are  found  to  be  immune  on  subsequent  exposure  to  the  infection 
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of  measles  a possibility  of  the  occurrence  of  measles  without  rash  must 
be  admitted. 

Malignant  Forms. — Though  measles,  if  uncomplicated,  is,  as  a rule, 
benign,  it  may  be  a most  severe  disease,  owing  cither  to  the  intensit}’^ 
of  the  infection  or  to  the  cachectic  or  unprotected  condition  of  the  indi- 
vidual attacked.  Several  forms  of  malignant  measles  are  met  with,  and 
must  be  distinguished  from  those  cases  which  become  severe  owing  to 
complications. 

In  cases  of  the  typhoid  type  there  is  said  to  be  retrocession  of  the 
eruption ; that  is  to  say,  the  rash  either  does  not  come  out  well,  or  its 
evolution  is  suddenly  stopped.  Simultaneously  the  pulse  rises  to  130 
or  140,  the  respirations  to  GO  or  80,  the  temperature  to  104'"  or 
105°  F.  ; the  tongue  becomes  dry,  the  lips  cracked,  the  skin  burning, 
and  the  amoimt  of  luine  is  much  diminished.  The  profound  nervous 
disturbance  present,  which  must  be  attributed  to  toxaemia,  is  evidenced 
either  by  extreme  depression  and  somnolence  or  by  excitement — severe 
convulsions  in  children,  and  delirium  in  the  adult.  The  state  of 
excitement  may  pass  off  as  rapidly  as  it  developed,  or  the  patient  may 
sink  into. a comatose  state,  which  rapidly  ends  fatally.  Between  these 
two  extremes  every  degree  of  severity  may  be  observed.  In  some 
epidemics,  especially  in  schools  and  barracks,  cases  occur’  in  which  the 
patient,  at  or  about  the  time  of  the  outbreak  of  the  rash,  becomes 
cyanosed  and  suffers  from  severe  dyspnoea.  Cough  is  frequent,  and  the 
expectoration,  if  present,  is  frothy.  There  are  at  first  no  physical  signs 
to  account  for  this  condition ; but  after  a few  hours  fine  mucous  rales 
are  heard  everywhere  in  the  chest,  and  the  patient  succumbs  to  what  is 
commonly  called  capillary  bronchitis.  These  cases  are  probably  examples 
of  the  severest  form  of  the  special  type  of  pneumonia  described  by  Cornil 
and  Babes.  In  the  adult  death  may  be  very  sudden,  and  due  to 
syncope.  The  eruption  is  scanty,  or  fades  at  the  onset  of  the  dyspnoea. 
To  this  form  the  term  suffocative  has  been  applied.  In  some  cases,  pre- 
senting symptoms  of  the  typhoid,  form,  the  rash  assumes  a livid  colour ; 
and  haemorrhages,  more  or  less  extensive,  take  place  into  the  skin. 
Epistaxis  and  hemorrhage  from  the  mouth  and  bowels  may  occur.  To 
this  form,  which  occurs  in  cachectic  subjects,  the  term  luemorrhagic 
measles  properly  belongs.  The  extremely  severe  examples  of  this  form 
described  by  the  older  writers  as  “black  measles”  are  now  seldom  or 
never  met  •with ; and  as  Fagge  obsei*ves,  “ One  is  almost  inclined  to 
8U.spect  them  of  having  mistaken  cases  of  haemorrhagic  small-pox  for  this 
disease.” 

The  term  ser/mdary  measles  is  applied  to  attacks  occurring  in  jjersons 
whose  health  has  been  enfeebled  by  a recent  attack  of  tj’phoid  fever  or 
diphtheria,  or  by  tuberculosis,  or  other  general  malady  producing 
cachexia.  In  such  persons  the  disease  may  run  a mild  course,  but  on 
the  other  hand  it  may  be  of  exceptional  severity.  The  prodromal 
symptoms  arc  not  well  marked ; tbe  eruption  is  scanty  and  dusky,  or 
purpuric ; the  temperature  is  high  and  continuous ; vomiting  and 
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diiu'rhoea  are  common,  and  in  young  children  bronchopneumonia 
develops. 

Relapse. — It  has  sometimes  been  asserted  that  relapse  is  of  common 
occurrence  in  measles,  but  it  seems  clear  that  a true  relapse  is  a very 
rare  event.  Some  of  the  cases  quoted  as  examples  of  relapse  are  really 
instances  of  irregular  development  of  the  rash;  others  rest,  apparently, 
upon  an  error  of  diagnosis — the  first  or  the  second  eruption  being  in 
reality  that  of  German  measles. 

Temperature. — The  ordinary  temperature  curve  of  measles  shews  a 
double  summit.  The  temperature  rises  rapidly  at  the  onset  of  the  pro- 
dromal symptoms,  reaching  a first  maximum  of  102°  to  104°  F.  wtliin 
the  first  twenty-four  hours ; for  the  rest  of  the  prodromal  stage  it  is  at 
a lower  level,  vdth  evening  exacerbations  and  morning  remissions,  which 
may  even  reach  the  normal.  The  lowest  point  is  touched  on  the  morn- 
ing of  the  second  or  third  day.  The  temperature  then  mounts  until  the 
appearance  of  the  rash,  when  it  attains  its  second  maximum,  which  is 
generally  higher  than  the  first,  and  may  be  as  high  as  105°  to  106°  F. 
It  does  not  remain  long  at  the  maximum,  and  usuall}'^  falls  rapidly  on  the 
third  day  of  the  rash,  reaching  the  normal  standard  probably  on  the  morn- 
ing of  the  fourth  day.  The  fall  to  normal  may  be  delayed  for  one  or  two 
days  : it  may  be  so  rapid  as  to  constitute  a true  crisis,  which  may  be  accom- 
panied by  profuse  sweating,  and  even  by  collapse.  In  other  cases  the 
fall  is  much  more  gradual,  and  may  extend  over  three  or  four  days  of 
gradual  descent.  The  curve  is  much  modified  if  the  patient  be  alread}^ 
suffering  from  some  chronic  febrile  disorder,  or  by  the  onset  of  complica- 
tions. In  the  former  cases  it  is  still  frequently  possible  to  detect  the 
double  maximum  ; in  the  latter  the  fall,  after  the  eruption  has  come  out, 
is  replaced  by  an  elevated  temperature,  due  to  bronchopneumonia  or  to 
the  particular  complication  under  which  the  patient  labours.  Sometimes 
the  rapid  rise  at  the  onset  of  the  prodromal  symptoms  cannot  be  de- 
tected, and  the  curve  mounts,  with  morning  remissions,  to  a single 
maximum  on  the  first  day  of  the  eruption. 

Pulse. — The  pulse  increases  in  rapidity  from  the  onset  of  symptoms 
until  the  eruption  appears,  Avhen,  in  uncomplicated  cases,  it  begins  to  fall. 
In  uncomplicated  cases  it  seldom  exceeds  120  in  children  and  90  in  adults. 

Complications. — Laryngitis. — Some  degree  of  catarrhal  laryngitis 
ought,  perhaps,  to  be  considered  rather  as  a symptom  than  a complication 
of  measles.  It  usually  decreases  soon  after  the  rash  appears.  In  other 
cases  the  symptoms  increase  in  severity  ; voice  and  coxigh  become  first 
hoarse  and  then  toneless,  and  movements  of  or  pressure  on  the  laryn.x 
excite  pain.  The  expectoration  becomes  blood-stained.  Necrosis  of  the 
cartilages  may  ensue,  or  oedema  glottidis.  Such  an  event  is  rme ; but 
membranous  laryngitis,  especially  in  schools  and  asylums,  is  a not 
infrequent  and  very  fatal  complication.  It  may  come  on  either  dining 
the  eruptive  stage  or  as  late  as  the  second  week.  In  some  cases  it  is  due 
to  true  diphtheria ; in  others,  perhaps  the  majority,  to  infection  with 
pyogenetic  cocci.  The  symptoms — which  need  not  be  described  here 
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are  practically  identical ; hut  it  may  ho  observed  that  the  membrane  j)ro- 
dnced  by  pyogenetic  cocci  is  as  a rule  more  difllnent  or  friable  than  that 
produced  by  true  diphtheria.  The  false  membrane  may  invade  the  fauces 
and  tonsils.  The  onset  of  symptoms  is  commonly  more  insidious  than  in 
primary  diphtheria ; attacks  of  dyspnoea  are  less  frequent,  and  there  is 
less  warning  of  the  approaeh  of  asphyxia.  The  results  of  tracheotomy 
are  extremely  bad,  and  even  when  some  temporary  improvement  takes 
plaee  the  wound  itself  is  very  apt  to  become  the  starting-point  of  phleg- 
monous inflammation. 

Bronchial  catarrh,  be  it  more  or  less,  must  be  considered  one  of 
the  ordinary  symptoms  of  measles ; but  the  smaller  bronchi  and  the 
pulmonary  tissue  are  liable  to  become  invaded  at  any  stage  of  the 
disease.  Reference  has  already  been  made  to  those  acute  cases,  called 
suSbcative,  in  which  the  lungs  become  invaded  in  the  prodromal  stage ; 
but,  short  of  these,  cases  occiu'  to  which  the  term  “ congestion  of  the 
lungs  ” is  commonly  applied.  The  respiration  is  hurried,  there  is  slight 
cyanosis,  the  pulse  is  rapid  and  soft,  and  everywhere  over  the  chest  small 
moist  crepitations  are  heard;  the  breath -sounds,  however,  are  not 
bronchial,  there  is  no  true  fine  crepitation,  and  resonance  is  not  deficient. 
The  cases  resemble  “ capillary  bronchitis,”  but  differ  from  it,  inasmuch  as 
all  the  symptoms  and  physical  signs  dimmish  rapidly  at  the  time  the  rash 
appears 'or  soon  afterwards.  In  a few  cases  only  does  pneumonia  appear. 
In  a small  number  the  symptoms  described  persist  throughout  the 
stage  of  eruption,  and  until  the  period  when  convalescence  ought  to 
begin.  Such  an  occurrence  is  very  suggestive  of  the  lighting  up  of 
tuberculosis. 

Bronchopneumonia,  the  most  fatal  complication  of  measles,  first  be- 
comes evident  as  a rule  during  the  eruptive  stage.  It  may  begin  about 
the  time  when  the  eruption  comes  out,  or  even  earlier ; or  its  onset  may 
be  deferred  until  it  is  hoped  that  convalescence  is  about  to  commence. 
The  symptoms  do  not  differ  from  those  of  primary  bronchopneumonia ; 
but  it  should  be  borne  in  mind  that  in  a child  suffering  from  measles  the 
lesion  is  more  apt  to  be  progressive.  This  bronchopneumonia  is  to  be 
attributed  to  a secondary  infection.  The  catarrh  determined  by  the 
primary  infection  of  measles  appears  to  favour  the  growth  of  certain  patho- 
genetic organisms,  chief  among  which  are  the  Pneumococcus,  the  Strepto- 
coccus pyogenes,  and  the  Staphylococcus  pyogenes  aureus.  All  of  these 
microbes  may  be  found  in  the  secretions  of  the  mouth,  nose,  and  larger 
bronchi,  even  in  health  ; but  they  are  more  frequently  present  in  children 
.suffering  from  mea.sles.  The  so-called  subacute  or  chronic  pneumonia  of 
measles,  which  comes  on  as  the  eruption  subsides,  or  later  when  convales- 
cence appears  to  have  begun,  is  almost  invanabljf  a tnbercnlous  j)rocess ; 
there  are  irregular  pyrexia  with  evening  exacerbations,  persistent  cough, 
and  signs  of  localiserl  pneumonia  which  do  not  clear  away. 

Influenza.  — Bacteriological  investigations  tend  to  make  it  probable 
that  measles  is  not  infrequently  complicated  by  true  influenza,  and  the 
gravity  of  the  illness  thereby  seriously  increa.sed. 
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Stomatitis. — Some  catarrh  of  the  mucous  membrane  of  the  mouth  is 
an  almost  invariable  accompaniment  of  measles.  It  comes  on  during 
the  prodromal  stage,  and  passes  away  with  the  eruption.  It  is  of  import- 
ance, chiefly,  because  it  paves  the  way  for  secondary  infections;  the  mucous 
membrane  becoming  the  seat  of  diphtheria,  ulceration,  or  aphthae. 
Ulcerative  stomatitis  attacks  particularly  the  sulcus  between  the  lips  and 
the  gums ; but  it  may  be  met  with  on  the  cheeks  opposite  the  crowns  of 
the  teeth.  Small,  rounded  white  patches  first  form,  and  the  necrosed 
epithelium  becomes  detached,  leaving  an  ulcer.  The  destruction  of 
tissue  may  extend,  and  by  confluence  form  large  elongated  ulcers  with 
shai'p  edges  and  a purulent  or  sloughy  surface ; they  may  extend  to 
the  outer  border  of  the  lips,  and  are  then  very  liable  to  cause  painful 
cracks  and  to  bleed.  The  Staphylococcus  aureus  has  been  found  in 
such  cases  in  almost  pure  culture.  The  ulcerations  tend  to  heal  as  the 
fever  subsides,  and  are  chiefly  of  importance  because  the  pain  they  pro- 
duce tends  to  make  the  child  refuse  food.  If  neglected,  however,  they 
may  persist  in  a chronic  or  subacute  form  for  weeks  or  months. 

Diarrhoea. — Looseness  of  the  bowels  during  the  prodromal  stage  is  the 
rule,  and  diarrheea  of  foul,  glairy,  or  watery  stools  may  be  troublesome 
about  the  time  the  eruption  appears.  Occasionally  the  diarrhoea  is 
very  copious,  and  the  child  passes  into  a condition  of  collapse ; in  such 
cases  the  rash  is  ill-developed  or  fades,  and  the  case  may  be  mistaken 
for  severe  summer  diarrhoea.  Diarrhoea  of  a dysenteric  character,  due 
apparently  to  diffuse  catarrhal  colitis,  sometimes  occurs,  and  is  very  apt 
to  continue  as  a chronic  condition  for  weeks  or  months. 

Vulvitis. — Inflammation  of  the  vulva  with  muco-purulent  discharge  is 
a frequent  complication  of  measles,  and  may  persist  for  weeks  or  months 
especially  in  strumous  children.  The  inflammation  may  go  on  to  ulcera- 
tion, attended  by  much  pain  and  swelling  of  the  parts,  and  smarting  on 
micturition.  Occasionally  the  process  becomes  exceedingly  acute,  and 
leads  to  brawny  induration,  and  even  to  gangrene  (noma). 

Otitis. — Eustachian  inflammation  is  a common  complication,  and  is 
particularly  apt  to  occur  in  the  subjects  of  chronic  granular  phaiyngitis 
and  adenoid  vegetations.  Closure  of  the  tube  may  be  revealed  bj^  deaf- 
ness and  tinnitus ; but  in  other  cases  the  symptoms  are  latent,  and  the 
only  indications  that  the  inflammation  has  reached  the  middle  ear  are 
some  increase  of  restlessness,  grinding  of  the  teeth,  sudden  cries,  and 
perhaps  delirium.  These  symptoms,  which  are  commonly  attended  by 
a sharp  rise  of  temperature,  should  lead  to  a careful  examination  of 
the  ear.  Puncture  of  the  tympanum  may  give  immediate  relief.  If 
untreated,  convulsions  may  ensue,  or  the  child  may  sink  into  a state 
of  torpor  from  which  it  becomes  quickly  aroused  as  a jjurulent  dis- 
charge from  the  ear  indicates  that  the  tympanum  has  ruptured  spon- 
taneously. Before  this  happens,  however,  the  mastoid  cells  ma}^  have 
become  infected,  or  meningitis  or  thrombosis  have  been  produced.  The 
discharge  is  foul  and  very  irritating,  so  that,  unless  special  precautions 
be  taken,  excoriation  of  the  external  auricle  rapidly  follows. 
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Conjmidh'itis. — Staph  i/lococcus  aureus  and  Streptococci  are  the  inicro- 
orgivnisms  most  often  present  in  the  secretions  of  the  conjunctival  catjirrh 
constantly  observed  in  the  acute  stage  of  measles.  The  inflammation 
may  be  very  intense,  causing  great  swelling  of  the  lids,  and  giving  origin 
to  a copious  sero-purulent  discharge.  This  condition  is  observed  most 
often  in  strumous  children,  and  in  them  phlyctenular  ulceration  or  difiiisc 
keratitis  may  occur.  Occasionally  the  globe  is  destroyed  by  su]ipnra- 
tion  and  rupture. 

Ganffrene,  Xoma. — In  cachectic  children  inflammation  of  some  one 
of  the  mucous  surfaces  so  commonly  involved  in  measles  may  take  on  a 
peculiar  spreading  and  intense  character.  This  serious  complication 
commonly  arises  after  the  subsidence  of  the  eruption,  and  may  with 
great  rapidity  produce  extensive  gangrene  and  sloughing.  This  may 
occur  in  the  mouth  (noma,  vide  “ Diseases  of  the  Mouth,”  vol.  iii.),  vulva, 
throat,  larynx,  or  ear.  It  seems  to  be  due  to  a secondary  infection, 
and  is  apparently  very  much  less  common  since  the  hygienic  condition 
of  hospitals,  schools,  and  the  dwellings  of  the  poor  has  been  improved. 
Gangrene  of  the  lung  has  been  occasionally  observed. 

Benal  Disease.  — Albuminuria  is  occasionally  observed,  chiefly  in 
adults,  about  the  time  of  the  onset  of  the  rash,  with  which  it  com- 
monly disappears.  It  is  believed  to  be  due  to  a temporary  congestion, 
and  nephritis  is  imdoirbtedly  a very  rare  complication  of  measles. 
Chronic  albuminuria,  with  anasarca,  has  been  described  as  a late  sequel 
of  measles,  but,  to  say  the  least,  the  connexion  is  not  well  established. 

Serous  Effusions. — Ascites,  due  apparently  to  subacute  simple  peri- 
tonitis, occasionally  occurs  as  a late  complication  of  measles.  It  appears 
to  have  been  chiefly  observed  in  girls.  The  fluid  is  eventually 
absorbed,  but  may  remain  for  several  weeks  in  sufficient  quantity  to 
cause  considerable  distension  of  the  abdomen.  Anasarca  is  sometimes 
observ'ed,  even  though  the  urine  remains  free  from  albumin.  Its  cause 
is  not  explained. 

Affections  of  the  Heart. — In  .a  few  instances  endocarditis  has  been 
observed  during  measles,  and  pericarditis  still  more  rarely.  It  is  probable 
that  the  latter,  if  not  the  former  also,  may  be  secondary  to  broncho- 
pneumonia. 

The  number  of  cases  in  which  any  permanent  disorder  of  the  nervous 
system  is  produced  by  measles  is  small.  In  spite  of  the  enormous  num- 
ber of  children  who  recover  annually  from  measles,  instances  of  nervous 
disorders  arising  in  connexion  with  the  disease  are  rare. 

Mental  Diswder. — A few  cases  are  on  record  in  which  the  patient, 
after  the  fever,  remained  in  a dull,  apathetic  state.  In  some  there  is 
complete  dementia,  from  which  recovery  may  take  place  suddenly,  as  in  a 
case  recorded  by  Ca.sson. 

Chorea. — Mea.sles  is  not  generally  recognised  as  one  of  the  common 
antecedents  of  chorea;  but  among  the  4.39  cases  of  chorea  analysed  by 
Sir  Stephen  Mackenzie,  for  the  Collective  Investigation  Committee, 
there  were  thirty-two  in  which  measles  was  the  sole  antecedent  illness ; 
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and  in  seventeen  others  measles,  associated  with  antemia,  was  the  sole 
antecedent  illness.  On  the  other  hand,  measles  coming  on  during  chorea 
generally  leads  to  the  diminution  of  the  movements. 

Tetany. — In  young  children,  especially  in  those  who  have  convul- 
sions at  the  onset,  tetany  may  be  observed  during  the  disease,  and  may 
persist  for  some  time  afterwards. 

Hemiplegia. — In  120  case's  of  hemiplegia  in  children  Prof.  Osier  found 
four  after  measles ; in  eighty  cases  Sir  W.  Gowers  found  seven  after 
measles.  The  hemiplegia  may  come  on  during  the  height  of  the  disease 
or  during  convalescence.  In  most  of  the  recorded  cases  it  has  been  first 
noticed  after  a fit  or  a series  of  fits ; and  in  some  instances  the  spasmodic 
affection  has  been  limited  to  the  side  subsequently  found  to  be  para- 
lysed. As  is  the  case  with  hemiplegia  coming  on  during  other  acute 
infectious  diseases,  aphasia  exists  in  a very  considerable  proportion  of 
the  cases.  The  occurrence  of  hemiplegia  during  the  acute  stage  appears 
to  add  to  the  gravity  of  the  prognosis.  If  the  patient  recover  from 
the  attack  of  measles  very  great  improvement  may  take  place  in  the 
paralysis,  though,  apparently,  not  complete  recovery.  Schwartz  has 
recorded  a case  of  aphasia  and  paralysis  of  the  extensors  of  the 
upper  extremity  in  which  both  the  power  of  speech  and  the  move- 
ment of  the  arm  were  completely  regained.  In  the  majority  of  cases 
of  hemiplegia  the  paralysis  persists,  and  becomes  in  time  associated 
with  arrest  of  development,  of  one  or  both  limbs,  rigidity,  and  exag- 
gerated deep  reflexes.  The  jjathology  of  these  cases  is  not  very  clear ; 
they  have  been  attributed  to  encephalitis  followed  by  sclerosis,  or  to 
localised  meningitis. 

Muscular  Atrophy. — A few  cases  of  limited  muscular  atrophy,  re- 
sembling infantile  paralysis,  are  on  record  as  a sequel  of  measles.  They 
are  so  few  that  were  it  not  that  similar  lesions  occur  after  other  acute 
specific  diseases  the  relation  might  be  regarded  as  one  of  mere  coincidence. 
Their  pathology  is  very  obscure ; Dr.  Ormerod,  who  has  recorded  a series 
of  cases  in  one  family,  rejects  the  view  that  they  are  due  to  acute  anterior 
poliomyelitis,  and  appears  disposed  to  associate  them  Avith  the  progressive 
muscular  atrophy  of  youth. 

^'Ascending  Paralysis.” — A,  rare  complication  of  measles  is  a form 
of  paralysis  which  closely  resembles  in  its  clinical  features  that  observed 
after  diphtheria.  The  suspicion  that  the  paralysis  is  really  secondary  to 
latent  diphtheria  may  perhaps  have  led  to  some  of  the  cases  not 
being  recorded.  Barthez  and  Sannd  mention  eight  cases  in  v hich 

there  could  be  no  suspicion  of  diphtheria.  The  symptoms  in  these 
cases  were  those  of  paresis  rather  than  paralysis  of  the  soft  palate, 
the  pharynx,  the  tongue,  and  of  the  muscles  of  the  neck ; in  four 
cases  they  appeared  during  the  earliest  days  of  the  disease,  and  in  the 
four  others  three  Aveeks  after.  All  the  patients  recovered  in  from  three  to 
tAventy  days.  On  the  other  hand,  cases  of  this  nature  may  terminate  m 
death.  The  analogy  of  diphtheria,  taken  together  Avith  the  complete 
recovery  which  appears  to  be  the  rule,  lends  support  to  the  hypothesis 
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that  the  lesion  in  tliese  cases  is  multijjle  neuritis.  Paraj)legia  appears 
occasionally  during  measles ; the  reflexes  are  lost  rapidly,  the  electrical 
reactions  of  the  muscles  are  much  modified,  the  patient  complains  of 
formication  and  cramps,  and  there  may  be  retention  of  urine  and  incon- 
tinence of  fleces.  liecovery  in  from  one  to  six  weeks  is  the  rule ; but 
death  has  been  brought  about  by  respiratory  paralysis,  due  apparently 
to  palsy  of  the  diaphragm.  Lop  attributes  these  cases  to  lesion  of  the 
cord  due  to  toxaemia. 

Disseminated  Myelitis. — Disseminated  myelitis  may  arise  during  the 
course  of  measles.  This  is  proved  conclusively  by  Sir  T.  Barlow’s  case,  in 
which  death  occurred  during  the  acute  stage,  and  a post-mortem  examina- 
tion was  made.  In  this  case  the  nervous  complication  came  on  diu’ing 
the  early  stage  of  the  exanthem,  and  such  would  ajjpear  to  be  the  rule. 
It  is  in  the  highest  degree  probable  that  the  primary  lesion  was  dissemi- 
nated myelitis  in  certain  other  patients  who  presented,  during  the  acute 
stage  of  measles,  marked  disturbance  of  the  nervous  system  characterised 
by  stupor,  widespread  muscular  paralysis  and  loss  of  control  over  the 
sphincters,  and  who,  after  recovery  from  the  acute  illness,  remained  per- 
manently affected  by  symptoms  resembling  disseminated  sclerosis.  In  one 
case  which  I have  recorded,  in  the  Medico-Cliimrgical  Transactions,  the 
child  was  seized  with  convulsions  on  the  fourth  day  of  an  ordinary  attack 
of  measles  ; foim  weeks  later  she  was  in  a condition  of  hebetude,  had  some 
diflBculty  in  swallowing,  and  was  unable  to  sit  up,  though  she  could 
move  her  limbs  feebly.  Improvement  took  place  very  slowly,  and,  as 
she  regained  power,  inco-ordination  was  a marked  symptom,  along 
with  coarse  tremor  on  movement.  Later,  tremor  aggravated  by  inten- 
tion was  present  in  all  the  limbs,  and  involved  the  head  ; the  deep 
reflexes  were  exaggerated.  Speech  was  syllabic.  Eventually  all  the 
symptoms  improved  very  much ; but  at  twelve  years  of  age  she  was 
backward  in  intelligence,  slow  of  speech,  clumsy  in  movement,  and  there 
was  some  rigidity  of  the  muscles  of  the  limbs  and  exaggeration  of  the 
deep  reflexes.  It  seems  highly  probable  that  the  disseminated  myelitis 
is  due  to  a specific  toxsemia ; and  this  view  is  confirmed  by  the  fact  that 
the  changes  found  in  the  cord  in  Sir  T.  Barlow’s  case  were  clearly 
vascular  in  origin.  This  hypothesis  is  strengthened  by  the  case  reported 
by  Dr.  Newton  Pitt ; in  a young  adult  delirium  was  followed  by  coma 
and  incontinence  of  mine  and  faeces,  but  complete  recovery  eventually  took 
place. 

Measles  and  Pregnancy.  — A pregnant  woman  is  rarely  attacked 
by  measles,  but  it  does  not  appear  that  pregnancy  confers  any  im- 
munity. Abortion  or  premature  delivery  is  apt  to  occur  either  during 
the  eruptive  stage  or  at  the  onset  of  the  prodromal  symptoms.  Severe 
haemorrhage  may  occur  after  delivery.  Measles  very  I’arel}''  occurs  in  the 
lyingdn  period  after  delivery.  The  prognosis  of  measles  in  a pregnant 
woman  is  good.  The  chief  dangers  are — (i.)  that  bronchopneumonia,  if 
it  occur  and  the  uterus  be  not  emptied,  may  cause  great  cmlmrrassmcnt 
of  the  respiration ; (ii.)  that,  as  the  systemic  infection  of  measles  appears. 
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to  dispose  to  septic  processes,  the  patients  may  be  rather  more  liable  to 
puerperal  septicmmia.  On  the  whole  it  is  desirable  to  advise  a pregnant 
woman  who  has  not  already  suffered  from  measles  to  avoid  contact  udth 
infected  persons. 

Diagnosis. — A well-marked  case  of  measles  can  hardly  be  mistaken  for 
anything  else.  Mild  cases  may  be  difficult  to  distinguish  from  German 
measles  (yide  p.  404).  The  fine  red  rash  which  sometimes  pi-ecedes  the 
true  eruption,  owing  to  its  resemblance  to  the  rash  of  scarlet  fever,  may 
cause  some  hesitation.  The  history  of  exposure  to  infection  (if  it  can  be 
obtained),  the  presence  of  coryza  and  photophobia,  the  milder  degi’ee 
of  throat  affection,  and  the  observation  of  Koplik’s  spots,  if  present  at 
the  time,  will  probably  lead  to  a correct  diagnosis ; but  in  doubtfid  cases 
it  is  wiser  to  suspend  judgment,  and  to  isolate  the  case  as  though  it  were 
scarlet  fever.  A discrete  eruption,  especially  if,  as  is  sometimes  the  case, 
there  be  complaint  of  pain  in  the  back,  may  cause  the  case  to  resemble 
varioloid  \ though  the  converse  mistake  has  probably  been  moi’e  often 
made.  If  the  character  of  the  eruption  be  not  conclusive,  reliance  must 
be  placed  mainly  on  the  history  and  the  symptoms  of  catarrh.  Acute, 
widespread  dermatitis  (“acute  eczema”)  may  present  considerable 
resemblance  to  measles,  and  herein  mistakes  have  been  made  even  by 
experienced  physicians.  Careful  examination  of  all  the  circumstances 
of  the  case  will  generally  prevent  error ; on  close  examination  the  rash 
will  be  seen  to  differ  from  that  of  measles,  and  as  a rule  areas  will  be 
found,  most  likely  about  the  neck  or  behind  the  ears,  where  the  surface 
is  weeping  or  covered  by  thin  crusts ; there  will  probably  be  no  coryza 
or  photophobia,  and  the  temperature  will  not  be  so  high  as  would  attend 
so  extensive  an  eruption  were  it  that  of  measles.  The  only  safe  course 
in  all  doubtfid  cases  is  to  decline  to  give  a positive  opinion  on  the  first 
occasion  of  seeing  the  patient.  As  a rule  a few  hours’  delay  will  make  a 
decision  possible. 

The  prophylaxis  of  measles  presents  special  difficulties  owing  to  its 
extreme  iiifectiousness  befoi’e  the  symptoms  are  characteristic.  Personal 
intercourse,  especially  in  schools,  is  tlie  main  factor  in  disseminating  the 
disease.  The  slight  importance  which  the  public  is  disposed  to  attach  to 
measles  creates  a great  difficulty.  Korosi  gives  statistics  from  Buda-Pesth 
which  shew  a remarkable  diminution  in  the  number  of  cases  of  measles 
during  the  three  months  which  include  the  autumn  holiday,  and  a rapid 
increase  commencing  about  a month  after  the  schools  resume. 

It  is  only,  therefore,  by  dealing  with  the  early  cases  that  the  spread 
of  an  epidemic  in  a school  containing  many  susceptible  children  can  be 
controlled.  Dr.  J.  Kerr  has  pointed  out  that  under  such  conditions 
two  crops  of  cases  may  be  expected ; the  infection  for  the  first  crop 
is  derived  from  the  first  case  probably  during  its  catarrhal  stage, 
for  the  second  crop  from  the  children  of  the  first  cro]),  also  during 
the  catarrhal  stage.  The  occurrence  of  the  second  and  larger  crop 
may  be  prevented  by  prompt  closure  of  the  class  or  school,  or  iii  the 
higher  classes  by  exclusion  of  susceptible  children.  If  this  system  is  to 
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be  successful  it  is  necessary  that  the  histoiy  of  all  the  children  in  a class 
as  to  measles  should  bo  known.  The  information  shoidd  be  obtained 
when  the  child  is  first  admitted  to  the  school  and  recorded  on  an  index 
card ; if  the  child  sutters  from  measles  during  its  attendance  in  the 
infants’  department  the  fact  is  entered  on  the  card,  which  is  passed  on 
with  it  to  each  higher  class.  Should  a child  be  noticed  to  present 
symptoms  of  coryza,  reference  to  the  card-index  tvill  shew  whether  or  not 
it  has  had  measles ; if  it  has  not  it  is  sent  home,  and  watched,  and  any 
other  children  in  the  class  who  may  be  suflering  from  cold  are  likewise 
sent  home.  If  the  first  case  turns  out  to  be  measles  the  class,  if 
it  contain  a large  proportion  of  susceptible  children,  should  be  closed 
temporarily.  A “ first  crop  ” of  cases  will  probably  occur,  but  the 
second  or  main  crop  will  be  prevented.  Closirre  for  a period  em- 
bracing the  twelfth  day  will  usually  be  sufficient.  In  classes  con- 
taining a few  susceptible  children  it  may  be  sufficient  to  exclude  them 
for  the  period  of  twelve  days  only.  Much  difference  of  opinion  as  to 
the  value  of  compulsory  notification  exists  among  medical  officers  of 
health.  It  is  argued  that  the  fact  that  many  cases  are  never  seen  by 
medical  men  must  gi’eatly  diminish  the  good  results  to  be  expected  from 
notification ; and,  fiu-ther,  that  the  want  of  means  to  isolate  patients,  and 
to  keep  under  observation  susceptible  children  who  have  been  exposed  to 
infection,  must  prevent  the  application  of  any  effectual  measures  by  a 
public  health  authority.  Early  knowledge  of  an  epidemic  will,  however, 
enable  public  health  authorities  to  give  parents  good  advice,  to  which  it 
is  possible  that  they  may  after  a time  be  disposed  to  give  ear ; and  also 
to  supply  school  authorities  with  the  names  of  houses  or  localities  in 
which  cases  have  occurred,  so  that  children  from  these  places  can  be 
excluded  from  the  schools.  Compulsory  notification,  it  must  be  confessed, 
has  not  hitherto  been  a very  successful  means  of  checldng  epidemics  of 
measles ; but  this  failure  may  in  part,  at  least,  be  because  it  has 
never  yet  been  enforced  over  an  area  sufficiently  extensive.  It  is  of  little 
use  to  apply  the  Infectious  Disease  iSTotification  Act  in  a town  if  it  be 
not  also  enforced  in  the  suburbs.  Further,  if  the  best  results  are  to  be 
obtained,  it  will  be  necessary  to  insist  upon  the  provisions  of  the  Act 
requiring  notification  by  householdei’s,  which  hitherto  have  been  very 
generally  a dead  letter. 

Treatment. — The  imvention  of  complications  is  the  most  important  part 
of  treatment.  Its  two  main  elements  are  cleanliness  and  ventilation  ; 
but  it  is  advisrible  to  keep  the  child  in  bed  from  the  onset  of  symptoms 
until  desquamation  is  over,  or,  if  this  be  not  noticeable,  for  a week  or  ten 
days  altogether.  The  danger  of  exposure  to  cold  has  been  greatly 
exaggerated.  Vierordt  recommends  that  on  warm,  sunny,  still  da}’s 
the  chikl  should  be  rolled  out  of  doors  in  its  bed,  care  being  taken  to 
guard  the  eyes  from  light.  The  room  in  which  a case  of  measles  is 
nursed  should  be  thoroughly  well  ventilated,  but  great  variations  in  its 
temperature  or  exposure  of  the  patient  to  direct  draught  should  bo 
avoided.  In  a private  hou.so  it  is  a good  plan  to  use  two  adjoining 
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rooms  the  one  bj’’  day  and  the  other  hy  night ; each  room  while  not  in 
use  should  be  cleaned,  dusted  with  a damp  cloth,  and  the  windows  left 
wide  open.  Dust  and  smoke  should  be  avoided,  as  they  tend  to  increase 
the  irritation  of  the  mucous  membranes.  Dryness  of  the  air  not  only 
increases  this  irritation,  but  also  favours  the  dissemination  of  dust  and 
microbes ; if  necessary,  it  should  be  moistened  artificially  by  the  steam 
from  a boiling  kettle,  or  by  evaporation  from  an  open  dish  over  a spirit 
lamp.  The  use  of  a steam-spray  presents  the  advantage  that  some 
aromatic  disinfectant  may  be  added  from  time  to  time  to  the  water,  which 
will  at  least  have  the  effect  of  correcting  the  peculiar  acrid,  musty  odour 
generally  noticeable  in  a room  in  which  a case  of  measles  is  being  nursed. 
The  bronchopneumonia  is  undoubtedly  communicable ; and  it  is  undesir- 
able to  nurse  a child  suffering  from  this  complication  in  the  same  room 
with  others,  or  to  employ  the  same  drinking  utensils.  The  windows  of 
the  room  should  be  shaded  by  day  sufficiently  to  relieve  the  photophobia 
— too  dark  a room  not  only  has  a depressing  effect  upon  the  patient,  but 
prevents  accurate  observation  of  his  condition. 

Since  the  microbes  associated  Avith  bronchopneumonia  are  found  to 
be  pi’esent  in  the  mouth  in  more  than  half  the  cases  of  measles,  the  use 
of  antiseptic  mouth-Avashes  is  indicated,  and  the  practice  appears  to  have 
been  attended  by  good  results.  For  this  purpose  a solution  of  boric  acid 
(1  to  2 per  cent)  is  suitable,  and  its  use  is  not  ungrateful  to  a patient  old 
enough  to  employ  it.  In  infants  the  solution  must  be  used  Avith  a spray  or 
syringe,  and,  in  epidemics  in  Avhich  a special  liability  to  ulcerative  stomatitis 
or  to  diphtheria  is  noticed,  the  employment  of  antiseptic  mouth-washes 
should  be  considered  obligatory.  Further,  all  precautions  designed  to 
prevent  secondary  infections  of  the  respiratory  system  should  be  cai-ricd 
out  Avith  particular  care  in  children  Avho  by  reason  of  their  tender  age 
(six  months  to  six  years),  or  because  they  are  the  subjects  of  rickets  or 
tuberculosis,  are  specially  liable  to  respiratory  complications  of  a severe 
type. 

Mild  cases  of  measles  of  the  ordinary  type  do  not  call  for 
any  treatment  beyond  the  observation  of  the  above  precautions. 
No  drug  is  knoAvn  to  have  any  poAver  in  antagonising  the  specific 
process.  The  patient  should  be  fed  simply ; and  the  greater  the  fever 
and  the  more  severe  the  type  of  the  disease,  the  more  simple  should  be 
the  diet.  The  liability  to  the  occurrence  of  diarrhma  should  be  borne  in 
mind,  especially  in  epidemics  in  Avhich  this  complication  is  frequent,  or 
in  hot  Aveather,  or  in  indiAuduals  disposed  to  intestinal  catarrh.  In  a 
robust  child  a diet  of  milk  and  gruel  is  the  best ; but  in  Aveakly  children 
it  may  be  desirable  from  the  first  to  give  eggs,  meat-juices,  and 
perhaps  small  quantities  of  Avine  or  brandy.  The  child  suff’ers  intensely 
from  thirst,  and  it  may  be  allowed  to  take  freely  of  bland  fluids,  Avater 
flavoured  Avith  lemon  juice  or  raspberry  syrup,  or  a phosphoric  acid  drink 
containing  1 or  2 per  cent  of  lAhosphoric  acid  and  a little  syrup. 

Nervous  symptoms,  if  accompanied  by  high  fever,  restlessness,  and 
slight  delirium,  should  be  treated  by  keeping  the  patient  lightly  covered, 
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and  by  the  application  of  cold  compresses,  an  ice-bag  to  the  head,  or  even 
cold  affusion.  Sleep  may  often  be  induced  by  applying  a cool,  moist 
compress  to  the  trunk,  or,  in  adults,  by  a pack  to  the  limbs.  Much 
relief  is  often  afforded  by  rapid  washing  of  the  whole  body  Avith  Avater  or 
Avith  Avater  and  vinegar.  M’hen  the  cerebral  symptoms  are  more  severe, 
especially  Avhen  there  is  high  delirium  Avith  rapid  pulse  and  flushed  face, 
the  best  treatment  seems  to  be  hydropathic,  applied  either  by  means  of 
cold  or  cool  packs,  or  l>y  a short  InkeAAuirm  bath  (90°  to  96°  F.).  A cold 
affusion  to  the  head,  during  the  bath  or  othenvise,  Avill  increase  its  calming 
effect.  If  necessary,  such  baths  may  be  rejAeated  several  times  a day,  but 
the  Avater  should  not  as  a rule.be  used  beloAV  82°  F.  : they  aauII  be  found 
to  exercise  a considerable  influence  upon  the  temperature  in  children. 
Prostration  need  not  be  considered  a contra-indication  of  hjMropathic 
treatment,  Avhich  on  the  Avhole  is  perhaps  best  applied  by  the  use 
of  packs,  not  necessarily  of  cold  Avater.  If  the  depressing  effect  of  the 
jAacks  is  likely  to  be  excessive,  it  may  be  diminished  by  adding  brandy  to 
the  water  in  which  the  cloths  are  AAuung.  Every  case  must  be  treated 
upon  its  OAvn  merits  ; and  it  is  prudent  for  the  medical  attendant  himself 
to  watch  the  effects  of  the  hydropathic  treatment,  at  any  rate  on  the  first 
few  occasions  of  its  application.  In  severe  cases  Avith  continuous 
conAUilsions  the  action  of  the  bath  treatment  or  of  the  oold  pack  is 
uncertain : sometimes  it  appears  to  determine  a fresh  accession  of 
conATulsions ; but,  before  abandoning  it  in  serious  cases,  it  is  desirable 
to  try  the  effect  of  cold  affusions  to  the  head.  When  there  is  great 
congestion  of  the  face,  pointing  to  general  cerebral  congestion,  the 
application  of  leeches  to  the  temples  or  mastoid  process  may  give  relief ; 
but  before  appljdng  them  it  would  be  Avell  to  try  the  effect  of 
a cool  afiusion  to  the  head,  the  trunk  and  limbs  being  wrapped  up  in  a 
blanket.  Severe  headache  may  be  relieved  by  the  same  mode  of  treat- 
ment, or,  except  in  yoimg  children,  by  the  application  of  a mustard 
poultice  to  the  back  of  the  neck.  Constipation,  which  frequently  attends 
the  eerebi-al  symptoms,  should  bp  treated  by  copious  cool  enemas,  with  or 
Avithout  the  addition  of  castor  oil.  When  relief  has  been  obtained  by 
hydropathic  measures  the  packs  or  baths  may  be  repeated  at  longer 
intervals,  and  their  use  may  be  associated  Avith  certain  antipyretic  drugs  : 
of  these  the  most  valuable  is  quinine.  The  dose  of  the  sulphate  may 
be  roughly  estimated  at  about  a grain  three  times  a day  for  each  year 
of  the  child’s  age,  Avith  a maximum  for  adults  of  tAventy-five  to  thirty 
grains  in  the  day.  AVhen  diarrhceJi  is  piesent  A'ierordt  recommends 
tannate  of  quinine  in  doses  alAOut  -three  times  as  great  as  those  of  the 
sulphate ; it  has  the  further  adA'aTitage  of  being  less  bitter  and  more 
readily  taken  (in  poAvder)  by  children.  Bromide  of  potassium  has  been 
strongly  recommended  Ijy  Bai’thez  and  Sanne  in  high  feA'cr  Avith  marked 
congestion  of  the  head  or  lungs,  and  in  convulsions.  Small  doses  of 
chloral  may  be  of  use  Avhen  there  is  much  excitement,  irritability,  and 
IfASS  of  sleep  at  the  commencement  of  the  disease  ; but  if  there  be  signs 
of  Aveakncss  of  the  heai’t  this  drug  should  be  used  Avith  care,  or  avoided 
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altogether  ; the  same  remark  applies  to  antipyrin.  The  last-named  drug, 
however,  vdll  sometimes  give  good  results  when  the  fever  is  high  at  the 
onset,  with  much  excitement  and  sleeples-sness  : it  may  he  given  either  in 
three  doses  during  the  day,  or  in  one  dose  in  the  afternoon,  when  it  will 
sometimes  procure  sleep.  The  maximum  cpiantity  which  a child  under 
twelve  years  of  age  .should  receive  in  a day  ought  not  to  exceed  eight 
grains  j and  in  all  cases  in  Avhich  there  are  signs  of  cardiac  weakness  it  is 
better  to  avoid  internal  antipyretic  remedies  altogether,  or  to  give  only 
quinine.  In  cases  of  the  typhoid  and  asthenic  form  hydrotherapy  is  not 
contra-indicated,  but  should  be  used  with  discrimination.  Henoch  recom- 
mends hot  baths  or  mustard  baths,  with  simultaneous  cold  affusions  to  the 
head.  Alcohol  is  a most  useful  drug  to  use  in  these  cases  in  combina- 
tion with  the  cold  water  treatment ; it  is  a good  plan  to  give  a dose  of 
good  brandy  or  whisky  a few  minutes  before  a bath  or  the  application  of 
a fresh  pack.  Vierordt,  who  herein  seems  to  reflect  current  German  prac- 
tice, strongly  recommends  in  serious  cases  with  marked  heart-failure  the 
subcutaneous  injection,  whenever  the  pulse  fails,  of  a solution  of  camphor 
in  oil  (1  in  10  ; or  for  children  under  three  years  1 in  20).  From  ^ grain 
to  f or  I grain  may  be  given  in  this  way  to  a child  of  two  to  three 
years  of  age.  The  hypodermic  injection  of  caffeine  in  similar  circum- 
stances may  also  give  good  results.  The  dose  should  be  two  to  three 
grains  dissolved  with  an  equal  quantity  of  benzoate  of  soda  in  sterilised 
water.  In  children  about  puberty,  and  in  adults,  strong  coffee  may  bo 
used  instead  of  caffeine.  Severe  haemorrhagic  measles  must  be  treated 
on  the  same  principles  as  the  typhoid  form,  but  the  results  are  exceedingly 
unsatisfactory. 

Itching  of  the  skin,  which  is  sometimes  very  distressing,  may  be 
relieved  by  local  rubbings  with  carbolic  vaseline  ointment ; an  ichthyol 
ointment  (.^i.  to  ^iii.)  is  said  not  only  to  relieve  irritation,  but  if  applied 
early  to  abort  the  disease ; I have,  however,  no  experience  of  the  treat- 
ment, which  does  not  seem  to  have  been  generally  adopted.  During 
desquamation  warm  baths  should  be  used,  taking  special  precautions  to 
avoid  giving  cold.  One  or  two  baths  with  soap  and  water  should  be  given 
at  the  end  of  convalescence,  before  the  patient  returns  to  other  children. 
Epistaxis  does  not  call  for  special  treatment  except  when  very  copious  or 
continued.  When  not  severe  it  v'ill  generally  be  readily  stopped  by 
the  injection  of  hot  water.  If  inspection  shew  that  the  bleeding  comes 
from  the  front  of  the  nose,  the  antei’ior  part  of  the  nose  may  be  plugged 
with  antisejDtic  wool  smeared  with  some  antiseptic  ointment.  The 
posterior  nares  ought  only  to  be  plugged  as  a last  resource,  as  the  plug 
(juickly  becomes  extremely  foul,  and  may  determine  severe  iiharyngitis 
or  set  up  acute  otitis  media.  Laryngitis,  if  severe,  may  be  treated  by 
frequent  short  inhalations  of  steam,  or  by  the  pulverisation  of  a one  per 
cent  solution  of  boric  acid  or  common  salt,  and  by  the  application  of  an 
ice-bag  to  the  front  of  the  neck.  The  patient  should  be  encouraged  to 
check  the  cough,  and  will  be  assisted  by  the  use  of  a linctus  containing  a 
small  quantity  of  morphine  or  codeine.  Attacks  of  paroxysmal  cough,  or 
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lun/iiffusmus  stridulus,  will  be  relieved  by  very  hob  compresses,  applied 
every  ten  or  fifteen  minutes  until  the  skin  is  A’ery  red.  Sometimes  in 
young  children  much  relief  is  obtained  by  the  application  of  one  or  two 
leeches  above  the  manubrium  sterui.  Bronchitis  or  bronchopneumonia 
must  be  treated  upon  the  general  principles  which  guide  the  manage- 
ment of  these  disorders  when  the}’^  occur  independently  of  measles  (vide 
vol.  V.  p.  36).  The  same  remark  applies  to  diarrhoea,  which  is  sometimes 
extremely  troublesome. 

Much  may  be  done  to  prevent  the  occurrence  of  otitis.  In  addition 
to  the  use  of  the  antiseptic  mouth-washes  and  gargles  already  mentioned, 
the  nose  and  naso-pharynx  should  be  cleansed  with  a warm  solution  of 
boric  acid  and  borax,  introduced  into  the  nose  by  means  of  a coarse  spray 
or  by  the  gentle  use  of  a syringe.  This  should  be  followed  by  the 
application  of  an  antiseptic  ointment  with  a camel’s  hair  pencil.  The 
child,  if  old  enough,  should  be  encouraged  to  blow  its  nose.  In  younger 
children,  and  in  all  cases  in  which  deafness,  or  tinnitus,  is  present,  the 
use  of  Politzer’s  bag,  which  clears  the  nose  and  naso-pharynx  and  the 
orifice  of  the  Eustachian  tube,  has  been  recommended ; but  it  seems  to 
be  open  to  the  objection  that  infective  material  may  thus  be  forced  into 
the  middle  ear.  Politzer,  indeed,  maintains  that  there  is  merely  a con- 
densation of  air  in  the  tube  and  tympanum,  not  a transference  from  the 
naso-phaiynx  to  the  drum-cavity ; however  this  may  be,  I am  indebted 
to  Dr.  Dundas  Grant  for  the  observation  that  the  risk  is  abolished  or 
greatly  diminished  if  the  naso-pharjmx  have  been  previously  cleansed,  in 
the  manner  described  above.  In  his  opinion  the  occurrence  of  pain  in 
the  ear  is  an  indication  that  only  the  very  gentlest  inflation  should  be 
used.  In  such  cases  relief  may  be  obtained  by  the  instillation  of  a few 
drops  of  a warm  wateiy  solution  of  cocaine  and  atropine  (2  to  3 per  cent). 
If  pain  or  deafness  persist,  or  if  inspection  of  the  tympanic  membrane 
shew  marked  congestion,  puncture  may  give  relief ; and  this  operation 
ought  certainly  not  to  be  delayed  if  pus  be  detected  bulging  the  mem- 
brane forward.  The  woimd  made  by  the  knife  heals  qiuckly.  In  some 
cases  inflammation  of  the  lymphatic  glands  below  the  ear  may  be  asso- 
ciated with  the  ear  disease  ; after  the  ear  itself  has  been  properly  treated, 
belladonna  fomentations  over  these  enlarged  glands  will  assist  in  pre- 
venting suppuration.  After  the  subsidence  of  the  acute  inflammatory 
disturbance,  politzerisation  and  attention  to  the  naso-phar3mx  are  called 
for  if  deafness  persist.  Otorrhoea  is  best  treated  by  the  insufflation  of 
powdered  boracic  acid. 

Diuing  convalescence  the  patient  should  be  fed  Avell,  dressed  warmly, 
and  guarded  from  draughts  when  perspiring.  It  is  not  advisable  as  a 
routine  measure  to  recommend  change  of  air,  especially  in  the  winter, 
until  three  or  four  weeks  at  least  after  the  disappearance  of  the  rash. 

Dawson  Williams. 
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GERMAN  MEASLES 
By  Daw.son  Williams,  M.D.,  F.R.C.P. 

SynonYiMS. — Epidemic  rose-rash,  liubella,  liubeola  nolhci ; 

Ger.  Rutheln ; Fr.  liubeole. 

Gerjian  ]\Ieasles,  or  Rubella,  is  a specific,  infectious,  eruptive  fever 
characterised  by  a long  jieriod  of  incubation,  slight  prodroma,  a rose- 
red  papular  I’ash  of  short  duration,  pharyngitis,  and  adenitis. 

It  is  not  possible  to  give  an  altogether  satisfactory  description  of  the 
epidemic  disease  to  which  the  name  German  measles  is  commonly  applied 
in  this  country.  The  existence  of  such  a disease  is  denied  by  some 
authors  (1),  who  would  refer  all  the  cases  either  to  measles  or  to  scarlet 
fever ; while  others  believe  that  under  this  name  are  included  two  or 
more  acute  specific  disorders,  distinct  from  measles  and  scarlet  fever  and 
from  each  other.  The  opinion,  at  one  time  prevalent,  that  the  disease  is 
a hybrid  of  measles  and  scarlet  fever  appears  now  to  be  abandoned. 

There  seems,  in  fact,  to  be  little  reason  to  doubt  that  an  acute  specific 
disorder,  usually  presenting  spnptoms  not  unlike  those  of  measles  but 
sometimes  more  nearly  resemlding  those  of  scarlet  fever,  does  occur  at 
irregular  intervals  in  ejjidemics  of  limited  extent ; and  that  this  epidemic 
disorder  does  not  aft'ord  any  protection  against  measles  or  scarlet  fever. 

Etiology. — The  sufferers,  as  a rule,  are  children,  mainlj'^  between  the 
ages  of  five  and  fifteen  years ; and  the  sexes  are  equally  liable.  The  disease 
has  been  chiefly  observed  in  the  northern  temperate  climates,  especially 
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in  Germany,  Great  Britain,  and  tlie  Northern  States  of  America.  It 
appears  to  be  rare  in  France  and  Italy.  It  has  been  said  to  be  more 
common  among  the  ijoorer  classes,  .but  this  opinion  is  probably  erroneous. 
Epidemics  are  not  infrequent  in  pul)lic  schools  in  this  country.  In 
England  and  Germany  the  disease  is  most  prevalent  in  the  spring 
and  early  summer;  but  in  America,  it  is  said,  in  winter  and  spring. 
The  disease  is  commonly  contracted  by  personal  intercourse ; there  is 
indeed  no  clear  evidence  that  the  infection  can  be  retained  by  fomites. 

The  ineubation-periocl  is  not  well  determined.  The  interval  between 
exposure  to  infection  and  the  appearance  of  the  rash  is  probably  most 
often  seventeen  or  eighteen  days ; but  it  may  be  two  or  three  days 
more,  or  five,  or  even,  perhaps,  seven  days  less.  A patient  who  has 
contracted  the  disease  is  capable  of  conveying  the  infection  to  others 
two  or  three  days  before  the  rash  appears — that  is  to  say,  while  he  is 
himself  cpiite  free  from  any  obvious  symptoms  of  illness.  The  capa- 
bility of  infecting  others  remains  during  the  presence  of  the  rash,  but 
declines  rapidly,  and  in  mild  cases  disappears  in  a week  ; though  it  may 
persist  a little  longer  after  more  severe  attacks,  or,  perhaps,  when  there 
is  much  desquamation. 

Symptoms. — The  prodromal  symptoms  are  slight,  and  their  duration 
is  short,  not  more  than  twelve  hours ; or  they  may  be  absent  altogether : 
on  the  other  hand,  in  the  more  severe  attacks  the  patient  may  for  two  or 
three  da}’s  experience  malaise,  dulness,  and  headache,  accompanied  by 
some  suffusion  of  the  eyes,  soreness  of  the  throat,  slight  cough,  pain  in 
the  back,  and  glandular  enlargement. 

Commonly  the  first  symptom  noticed  is  the  appearance  of  a discrete, 
pink,  papidar  rash  behind  the  ears  and  about  the  orifices  of  the  nose  and 
mouth.  Rarely  in  any  case  is  the  appearance  of  the  rash  delayed  beyond 
the  second  day.  In  rare  cases  it  appears  first  on  the  back  or  chest.  It 
may  extend  very  rapidly  to  the  trunk  and  limbs,  or  more  slowly — possibly 
even  with  distinct  intervals,  so  that  there  are  two  or  three  crops ; in 
either  case  it  may  have  faded  on.  the  chest  and  face  before  invading  the 
limbs.  The  character  of  the  eruption  may  vaiy  in  different  cases,  and 
in  the  same  case  at  different  stages.  At  first  it  consists  only  of  slightly 
raised  papules,  which  disappear  on  pressure,  and  are  of  a bright  rose-red 
colour.  The  spots  are  lighter  in  colour,  have  less  defined  edges,  and  are 
more  Avidely  scattered,  at  any  rate  at  first,  than  in  measles ; and  they 
are  not  arranged  in  a crescentic  manner.  The  rash  in  any  particular 
area  may  begin  to  fade  in  a few  hours,  and  fading  is  seldom  delayed 
beyond  twelve  hours ; but  before  this  occurs  the  eruption  may  undergo 
a marked  change,  owing  to  the  spread  of  a bright  red  flush  on  the  face 
and  neck,  while  at  the  same  time  the  limbs  become  covered  by  a fine 
punctate  rash  indistinguishable  from  that  of  sc.arlet  fever.  The  rash  is 
not  accompanied  by  any  itching.  The  temperature  in  mild  cases  rises  to 
1 00’  or  101'-  F.  when  the  rash  appears,  and  it  falls  to  the  normal  about  the 
third  day  as  the  rash  finally  fades.  In  moi-e  severe  cases,  c.specially  if  the 
catarrhal  .symptoms  of  the  prodromal  stage  be  well  marked,  the  temperature 
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rises  to  100  or  102°  F.  before  the  rash  appears;  going  up  one  or  two 
degrees  when  the  rasli  comes  out.  In  the  rare  cases  in  whicli  serious 
complications  occur  the  temperature  may  be  maintained  at  a high  level 
until  they  subside.  The  amount  of  catarrh  which  accompanies  or  pre- 
cedes the  rash  varies  greatly.  As  a rule  there  is  some  sore  throat, 
accompanied  often  by  enlargement  of  the  tonsils ; and  a general  redness 
of  the  palate  and  pharynx  has-  been  spoken  of  as  an  enanthem  : the 
pharyngeal  catarrh  is  more  diffuse,  and  perhaps,  in  relation  to  the  tem- 
perature and  the  general  condition  of  the  patient,  more  severe  than  in 
measles.  The  eyes  are  suffused  and  water,  but  there  is  little  or  no 
photophobia.  A dry  cough  maj'^  be  a source  of  some  discomfort,  but  is 
far  from  a constant  .symptom.  The  patient  may  present  some  signs  of 
bronchitis,  which  rapidly  pass  away  as  the  rash  fades. 

In  the  great  majority  of  cases  there  is  little  or  no  depression  or  sense 
of  discomfort,  and  the  patient  may  assert  that  he  is  perfectly  well  but 
for  the  rash  on  his  face  and  a certain  amount  of  sore  throat.  Enlarge- 
ment of  the  glands,  especially  the  posterior  cervical,  those  behind  the 
angle  of  the  jaw,  and  along  the  sterno-mastoids,  is  almost  constant; 
and  in  some  cases  those  in  the  axilloe  and  groins  will  also  be  found 
to  be  enlarged  and  tender;  though,  as  a rule,  the  patient  makes  no 
complaint.  This  enlargement  of  the  glands  about  the  neck  is  always 
an  early  symptom,  and  may  be  detected  as  long  as  a week  before  the 
rash  appears. 

Convalescence  commonly  begins  as  the  rash  fades ; the  catarrhal 
symptoms  subside  rapidly,  but  the  enlargement  of  the  glands  may  persist 
for  a week  or  ten  days  or  a fortnight  longer.  Desquamation  does  not 
occur  in  all  cases.  According  to  Dr.  Clement  Dukes,  when  the  rash  is 
most  markedly  of  the  measles  type  it  is  commonly  very  slight  and 
branny,  or  absent ; more  copious,  but  still  branny  or  in  small  scales,  when 
the  rash  more  nearly  resembles  that  of  scarlet  fever.  A slight  rash  is 
commonly  followed  b}'’  slight  desquamation ; a severe  rash  may  or  may 
not  be  followed  by  copious  desquamation.  The  rule  is,  on  the  whole, 
that  a severe  widespread  rash  is  followed  by  extensive  desquamation, 
involving  even  the  hands  and  feet.  In  mild  cases  desquamation  may  be 
over  within  a week.  In  such  cases  it  should  be  looked  for  in  parts  of 
the  person  least  exposed  to  friction,  especially  below  the  clavicles. 

Complications  and  Sequels. — As  a rule  German  measles  runs  its 
course  without  complications ; when  they  occur  they  are  of  the  catarrhal 
type.  The  angina  may  be  severe  and  accompanied  by  the  formation  of 
false  membranes  on  the  tonsils  ; swallowing  is  then  painful,  and  the 
child’s  life  may  be  put  in  danger  by  the  depression  and  interference  vdth 
nutrition  due  to  this  cause.  The  bronchitis  ivhich  sometimes  accom- 
panies the  rash  may  be  severe  and  persist  after  the  rash  fades,  or  broncho- 
pneumonia may  appear ; pleuro-pneumonia  has  also  been  observed  as  a 
complication.  Slight  albuminuria,  with  some  generalised  oedema  first 
noticeable  about  the  face,  has  been  observed  in  a few  cases.  The 
pharyngitis  has  sometimes  been  accompanied  Iry  laryngitis,  and  by 
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evidences  of  implication  of  the  middle  ear.  It  would  seem  that  serious 
complications  occur  oidy  in  cachectic  children,  or  in  those  specially  2)re- 
disposed  to  bronchitis  and  bronchoi^neumonia ; in  them  only  do  chronic 
coryza  and  chronic  enlargements  of  the  tonsils  and  glands  persist  as 
sequels. 

In  some  epidemics  a few  cases  of  relapse  have  been  recorded,  the 
intervals  varying  from  a few  clays  to  two  weeks  or  even  more. 

The  prognosis,  so  far  as  the  disease  itself  goes,  is  always  good,  and 
recovery  is  usuall)’’  complete  in  a fortnight;  though,  even  in  healthy 
children,  some  general  deterioration  in  health  may  remain.  The  only 
reservation  is  that  in  cachectic  children,  or  in  those  already  suffering 
from  some  serious  chronic  disorder,  such  as  tuberculosis,  a fatal  termina- 
tion appears  sometimes  to  be  determined  by  an  attack  of  German 
measles. 

Aberrant  Forms. — Among  the  cases  commonly  classed  as  German 
measles  there  are  some,  which  occur  generally  in  groups,  characterised  by 
the  absence  of  prodromal  symptoms,  by  the  very  mild  type  of  the  general 
symptoms  (the  temperature  being  little  if  at  all  raised),  by  the  absence 
of  sore  throat,  coryza,  or  catarrh,  and  of  enlargement  of  the  lymphatic 
glands.  The  Council  of  the  Medical  Officers  of  Schools  Association,  in  a 
circular,  suggests  that  these  gi’oups  of  cases  are  really  examples  of  an 
exanthematous  disease  distinct  from  rubella.  The  name  “infectious 
roseola  ” or  “ infectious  rose  rash  ” is  proposed  as  the  designation  of 
this  disorder.  The  cases  are  met  with  most  often  in  summer,  and  their 
characters  are  thus  described  in  the  document ; — “ The  rash  appears 
suddenly,  usually  with  but  slight  fever,  on  the  neck,  limbs,  and 
trunk ; its  distribution  is  irregular,  and  the  face  frequently  escapes 
altogether.  The  eruption  consists  of  large  rounded  areas  of  bright 
red,  closely- aggregated  spots  scarcely  raised  above  the  surface  of  the 
flushed  skin.  It  begins  to  fade  on  the  parts  first  attacked  as  it  extends 
elsewhere,  and  usually  disappears  within  thirty-six  hours,  the  slight 
pyrexia  subsiding  with  it.  There  is  scarcely  any  interference  with  the 
general  health;  the  fauces  may  be  slightly  reddened,  but  there  is  no 
appreciable  sore  throat,  coryza,  or  catarrh,  and  no  enlargement  of  the 
lymphatic  glands.” 

Dr.  Clement  Dukes  believes  that  suffusion  of  the  conjunctiva — pink- 
eye— may  be  the  only  symptom  of  an  attack  of  German  measles ; 
though  the  patient  may  communicate  the  fully  developed  disease  to 
others.  He  believes  also,  and  there  seems  to  me  great  probability  in 
the  suggestion,  that  German  measles  may  give  evidence  of  its  existence 
only  by  producing  slight  feverishness  and  some  enlargement  of  the 
lymphatic  glands  throughout  the  bod3^  The  suggestion  is  the  more 
worthy  of  note  as  in  France,  where  German  measles  would  appear  to  be 
very  seldom  observed,  some  writers  have  described  a “ glandular  fever  ’ 
in  children  which  is  apparently  infectious,  but  is  clearlj'  not  the  disease 
described  under  this  name  at  p.  591. 

Treatment. — An  ordinary  case  hardly’  calls  for  any’  treatment  by 
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drugs.  The  patient  should  be  kept  in  bed,  much  as  he  may  object — 
and  commonly  he  will  object  much — until  the  rash  has  completely 
disappeared.  Catarrhal  complications  should  be  treated  as  the  like 
symjjtoms  in  measles.  The  patient  should  be  kept  in  bed  for,  say,  five 
days  ; for  three  or  four  days  more  he  should  be  kept  indoors  ; then,  while 
still  isolated,  he  should  have  as  much  fresh  outdoor  air  as  is  possible. 
Desquamation  does  not  contra-indicate  outdoor  exercise. 

Diagnosis. — In  the  accompanying  table  are  classified  the  symptoms 
upon  which  reliance  must  chiefly  be  placed  in  making  the  diagnosis 
between  German  measles,  measles,  and  scarlet  fever  (2). 
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Prophylaxis. — As  the  disease  is  certainly  infectious  before  the  appear- 
ance of  the  rash,  isolation,  to  be  effective,  must  be  enforced  before  the 
disease  can  be  diagnosed  with  certainty.  Practically  the  only  safe 
course  is  to  separate  all  susceptible  persons,  who  have  been  exposed  to 
infection,  from  others  who  have  not  been  so  exposed,  until  the  end  of  the 
third  week  after  the  date  of  exposure  ; if  at  the  end  of  that  time  they  are 
free  from  elevation  of  temperature,  from  enlargement  of  the  glands,  and 
from  sore  throat,  they  may  be  assumed  to  have  escaped  the  disease.  If 
this  rule  be  followed,  mistakes  will  very  seldom,  if  ever,  be  made.  As 
adults — whether  because  most  adults  have  already  suffered  from  a for- 
gotten attack  of  German  measles,  or  because  the  adult  age  does  confer 
immunity — are  little  liable  to  the  disease,  this  quarantine  may  perhaps 
safely  be  relaxed  in  their  case.  A patient  recovered  from  German 
measles  should  not  be  allowed  to  mix  with  other  susceptible  persons 
until  three  weeks  have  elapsed  from  the  beginning  of  his  illness,  nor 
until  after  he  has  taken  a series  of  general  baths  to  which  some  dis- 
infectant may  be  added,  though  few  are  superior  to  soap,  especially  soft 
soap.  Although  there  is  no  positive  evidence  that  infection  can  be 
conveyed  by  clothes,  the  disinfection  of  those  belonging  to  the  patient 
appears  to  be  a reasonable  precaution.  In  mild  cases,  especiallj^  in  those 
of  the  measles  type,  the  period  of  isolation  after  an  attack,  above  recom- 
mended, may  be  diminished  by  a week.  Dr.  Clement  Dukes’  experience 
is  that,  if  disinfection  be  practised,  the  persistence  of  desquamation  after 
the  third  week  need  not  be  held  to  render  further  isolation  necessary. 

Dawson  Williams. 
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SCAELET  FEYEE 

By  F.  Foord  Caiger,  M.D.,  F.R.C.P. 

The  sections  on  Bacteriology  and  Hfematology  by  Leonard  S.  Dudgeon,  M.R.C.P. 

Synonyms. — Scarlatina,  Fehis  rubra ; Ger.  Scharlach ; Fr.  Scarlatine, 
Fiivre  rouge ; Ital.  Scarlatiina,  Fehhre  rossa. 

Historical  Survey ; Prevalence.  — The  original  habitat  of  scarlet 
fever  is  a matter  of  uncertainty,  although  from  the  earliest  records  on 
which  any  reliance  can  be  placed,  and  from  subsequent  data,  we  are 
justified  in  assuming  that  the  disease,  at  any  rate  for  the  past  few 
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centuries,  bus  shewn  a marked  predilection  for  European  soil.  It  is 
asserted  by  Collie  that  scarlet  fever  existed  in  the  time  of  Hippocrates, 
and  indeed  it  has  been  assumed  that  the  Plague  of  Athens  was  a malignant 
form  of  the  malady,  but  the  interpretation  of  the  cases  quoted  in  support 
of  these  opinions  may  be  faii-ly  called  in  question.  Hirscli  believes  that 
the  earliest  definite  record  of  scarlet  fever  dates  from  1543,  and  he 
refere  to  an  epidemic  at  that  date  in  Sicily ; it  is  stated  by  Haeser  that 
the  disease  was  briefly  alluded  to  in  the  writings  of  Ingi-assia  of  Palermo 
in  the  year  1550. 

In  the  following  century,  however,  we  get  upon  firmer  gi’ound,  for 
clear  indications  of  its  prevalence  in  Prussia  during  the  first  half  of  the 
seventeenth  century  are  to  be  found  in  the  writings  of  Boring  and 
Sennert,  and  of  Winsler  and  Fehr — although  great  confusion  at  that 
time  existed  betAveen  scarlet  fever,  measles,  erysipelas,  and  (in  all  proba- 
bility) diphtheria.  This  confusion  Avas  recognised  by  Sydenham,  who,  it 
seems,  was  the  first  to  christen  the  disease  “ scarlet  fever.”  His  careful 
description  of  the  disorder,  as  it  prevailed  in  London  during  the  years 
1661  to  1675,  not  only  laid  the  foundation  of  an  accurate  knoAvledge  of 
its  special  characters,  but  at  the  same  time  clearly  difterentiated  scarlet 
fcA'er  from  measles,  Avith  Avhich  it  had  been  hitherto  confounded.  Morton, 
howeA'er,  a contemporary  of  Sydenham,  continued  to  speak  of  the  disease 
as  “Morbilli  confluentes,”  being  eA’idently  unimpressed  by  the  distinction. 
Sydenham  undoubtedly  underrated  the  importance  of  scarlet  fever,  and 
even  went  so  far  as  to  say  that  it  hardly  deserved  the  name  of  disease ; 
he  had  eA-idently  neA'er  seen  it  in  a seAmre  form,  and  he  makes  no  allusion 
to  sore  throat  as  a symptom  of  the  affection.  This  seems  all  the  more 
extraordinary,  when  it  is  remembered  that  so  much  confusion  has  con- 
tinually existed  between  the  diagnosis  of  scarlet  feA'er  and  diphtheria, 
and,  as  Hirsch  suggestively  points  out,  the  confusion  of  scarlet  fcAmr  with 
other  forms  of  throat  illness  has  increased  in  proportion  as  the  differentia- 
tion from  measles  has  been  recognised. 

Since  the  time  of  Sydenham  outbreaks  of  scarlet  fever  of  varying 
severity  have  been  frequent  in  this  country ; and  its  constant  presence, 
in  a more  or  less  sporadic  form,  in  the  laige  toAvns  of  AYestern  Europe 
has  not  been  Avithout  its  influence  on  the  death-rate. 

The  continents  of  Asia  and  Africa,  except  in  isolated  localities,  haA'e 
shewn  but  little  tendency  to  provide  a field  for  scarlet  fever,  but  America 
has  been  by  no  means  exempt.  The  disease  seems  not  to  have  reached 
North  America  until  the  year  1735,  Avhen  it  first  appeared  in  Massa- 
chusetts ; from  thence  it  spread  over  the  Avhole  of  the  NeAV  England 
States,  reaching  Ncav  York  in  the  yeai’  1746.  During  the  latter  half  of 
the  eighteenth  century  outbreaks  of  scarlet  fever  are  reported  at  irregular 
intervals  in  the  states  lying  along  the  eastern  and  south-eastern  shores  of 
North  America.  In  the  year  1791  it  penetrated  into  the  interior  for 
the  first  time,  reaching  Canada  and  the  Northern  States  during  the  early 
years  of  the  nineteenth  century. 

It  AV’as  apparently  not  until  the  year  1830  that  the  disease  obtained 
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a foothold  in  South  America,  since  which  time  it  has  become  generally 
diftdsccl  over  the  continent,  where  it  often  apjjears  in  Avidesijread 
epidemics,  characterised  at  times  by  considerable  malignancy. 

According  to  Hirsch,  scarlet  fever  appeared  in  Polynesia  for  the  first 
time  in  1848  j it  arose  simultaneously  in  New  Zealand  and  Tasmania, 
whence  it  spread  to  the  Australian  continent  a few  years  later. 

On  carefully  surveying  the  records  of  scarlet  fever  epidemics  in  the 
past,  it  is  manifest  that  nothing  approaching  periodicity  has  characterised 
its  epidemic  prevalence.  Epidemics  of  the  disease  have  occurred  at 
irregular  times,  often  separated  by  intervals  of  twenty  years  or  more ; 
but  having  once  obtained  a foothold,  the  period  covered  by  the  epidemic 
has  usually  extended  over  several  years.  Besides  an  absence  of  period- 
icity in  the  epidemic  cycle  of  scarlet  fever,  it  should  also  be  noted  that 
during  the  intervals  there  has  not  usually  been  the  more  or  less  complete 
disappearance  of  the  disease,  which  we  see  in  measles,  small-pox,  and 
typhus,  but  that  there  has  been  a tendency  for  scarlet  fever  to  hang 
about  the  locality  in  a sporadic  form,  and  occasionallj'^,  by  the  aggrega- 
tion of  cases,  to  constitute  a minor  epidemic. 

The  constant  presence  of  scarlet  fever  in  the  north-western  countries 
of  Europe,  and,  with  certain  local  exceptions,  the  equally'  constant 
immunity  enjoyed  by  the  tropical  and  subtropical  regions  of  Asia  and 
Africa,  are  as  true  of  the  present  date  as  of  old.  That  its  compara- 
tive prevalence  is  in  no  way  dependent  upon  the  facilities  of  human 
intercourse  is  shewn  by  its  complete  absence  in  an  epidemic  form 
from  certain  countries  which  lie  along  the  main  routes  of  traffic 
throughout  the  Avorld  — such,  for  instance,  as  Egypt,  India,  Burmah, 
Ceylon,  the  Straits,  China,  and  Japan,  although  its  importation  has  been 
and  is  a matter  of  frequent  occurrence.  The  prevalence  of  scarlet  fever 
in  an  epidemic  form  on  the  continent  of  Australia  is  not  common, 
whereas  from  the  populous  districts  of  North  America  it  is  practically 
never  absent. 

Although  the  epidemic  prevalence  of  scarlet  feA'er  in  the  United 
Kingdom,  as  a whole,  or  even  in  any  considerable  district  of  it,  is 
characterised  by  a marked  absence  of  periodicity,  yet  in  many  large 
manufacturing  towns,  in  which  the  disease  is  now  practically  endemic,  a 
tendency  has  been  apparent  of  late  to  the  recurrence  of  a regular  epidemic 
extension  every  few  years.  This  may  fairly  be  regarded  in  the  light  of 
a definite  local  cycle. 

It  is  possible  that  during  the  last  thirty  years  the  preA^alence  of  scarlet 
fever  in  this  country  has  undergone  some  diminution,  but  trustworthy 
evidence  on  this  point  is  difficult  to  obtain.  The  mortality  returns,  it  is 
true,  shew  a progressive  fall  in  the  number  of  deaths,  but  as  the  type  of 
disease,  as  shewn  by  the  hospital  fatality,  has  undei’gone  a coincident  im- 
provement, no  inference  of  any  value  cau  be  deduced  from  them.  The 
notification  retuims,  which  yield  the  only  reliable  information,  shew  that 
since  the  year  1890,  when  the  Act  first  came  into  operation,  as  regards 
London,  at  any  rate,  there  has  been  but  little,  if  any,  sign  of  abatement. 
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Tablk  I. — Average  annual  nnmber  of  Deaths  from  Scarlet  Fever  per 
million  living  in  successive  quinquennia  since  the  separate  tabulation 
of  Scarlet  Fever. 


Date. 

England  and  AVales. 

London. 

1861-1SG5 

982 

1119 

1866-1870 

960 

1147 

1871-1875 

7 59 

575 

1876-1880 

680 

624 

1881-1885 

436 

426 

1886-1890 

241 

244 

1891-1895 

182 

239 

1896-1900 

135 

737 

1901 

133 

128 

1902 

148 

121 

1903 

125 

77 

The  comparatively  greater  diminution  in  the  number  of  deaths  in 
London  than  in  the  country  at  large  since  the  year  1870  is  in  all 
probability  due  to  the  relatively  large  increase  in  hospital  accommodation 
in  the  metropolis.  The  extension  of  the  practice  of  isolation  undoubtedly 
tends  to  lower  the  fatality  of  scarlet  fever  amongst  the  poorer  classes, 
though  its  influence  in  checking  the  extension  of  the  disease  has  been 
seriously  questioned  of  late. 

The  dependence  of  scarlet  fever  prevalence  upon  season  is  more 
intimate,  and  the  regularity  of  the  association  is  most  strikingly  indi- 
cated, both  by  the  records  of  large  tovms  in  which  notification  is  in  force, 
and  by  an  examination  of  the  Eegistrar-General’s  death-returns  since  the 
year  1860.  In  London  valuable  evidence  of  the  seasonal  prevalence  of 
the  disease  is  afi'orded  by  the  monthly  admissions  into  the  hospitals  of 
the  Metropolitan  Asylums  Board,  which  now  receive  ovmr  80  j^er  cent 
of  the  scarlet  fever  cases  notified  in  the  town. 

These  records  go  to  prove  that  in  this  country  scarlet  fev'er  is  least 
prevalent  in  the  months  of  March  and  April ; after  which  a steady  rise 
takes  place  until  the  mean  is  passed  at  some  time  during  the  months  of 
June,  July,  or  August.  A rapid  extension  of  the  disease  occurs  in 
September,  reaching  its  climax  usually  during  the  month  of  October. 
From  the  beginning  of  November  the  curve  shews  a steady  decline, 
dropping  more  rapidly  during  December  until  the  mean  is  reached  again, 
either  towards  the  close  of  that  month  or  during  the  first  two  weeks  of 
January  (see  Charts  5 and  G). 


The  reason  why  the  maximum  occurs  somewhat  earlier  in  the  year  in 
Chart  G than  it  does  in  Chart  6 is  partly  because  the  former  signifies  the 
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dates  on  which  the  cases  were  notified,  not  those  on  which  the  attacks 
proved  fatal. 

It  -nill  be  seen  that,  roughly  speaking,  the  prevalence  of  scarlet  fever 
is  above  the  mean  during  the  last  half  of  the  year ; and  that  it  is  below 
the  mean  during  the  first.  Although  this  may  be  taken  as  characteristic 
of  the  behaviour  of  scarlatina  in  European  countries,  it  by  no  means 
follows  that  the  same  holds  good  for  all  parts  of  the  world.  Indeed,  Dr. 
Whitelogge  states  that  in  New  York  the  seasonal  curve  of  the  disease  is 
entirely  reversed  ; and  in  Australia,  a country  in  which  scarlet  fever  is  by 
no  means  widely  prevalent,  its  diffusion  is  much  more  variable.  The 
regular  seasonal  variation  of  scarlet  fever  is  very  suggestive  of  the  opera- 
tion of  some  climatic  influence  ; yet  it  must  be  confessed  that  all  attempts, 
and  there  have  been  many,  to  establish  any  definite  association  with 
either  temperature,  rainfall,  or  wind-direction  have  been  signally  unpro- 
ductive up  to  the  present. 

Epidemic  Type ; Fatality. — All  the  records  of  scarlatinal  epidemics 
in  the  past  go  to  prove  that  the  fatality  of  the  disease  in  different  out- 
breaks has  been  subject  to  enormous  variation ; and  this  opinion  is 
confirmed,  up  to  a certain  point,  by  our  own  experience  at  the  jn’esent 
day.  This  variation  in  fatality  is  marked,  not  only  in  epidemics  widely 
separated  both  in  time  and  locality,  but  also  in  outbreaks  which  have  been 
simultaneously  prevalent  in  contiguous  localities.  Moreover,  it  has  been 
occasionally  noticed  that  the  type  of  attack  has  undergone  a distinct 
change  during  the  course  of  a particular  epidemic,  the  usual  tendejicy  being 
for  the  attacks  to  become  milder  towards  the  close  of  the  outbreak. 

The  type  of  the  disease  may,  however,  remain  constant  for  many 
years  in  a particular  locality ; this  is  attested  b}^  the  writings  of 
Sydenham,  who,  as  it  Avould  appear,  had  never  met  Avith  a severe  case  in 
his  OAvn  practice.  Trousseau,  too,  reports  that  Bretonneau  had  never 
seen  a death  from  scarlet  feA’^er  in  Tours  from  the  year  1799  to  1822, 
but  that  in  the  year  1824  the  disease  prevailed  in  a most  malignant  form 
in  the  town  and  surrounding  district.  Graves,  again,  in  describing  the 
Dublin  epidemic  of  1802,  states  that  the  disease  at  that  time  preA'ailed 
in  a very  malignant  form;  but  in  the  folloAving  year  the  type  completely 
changed  and  a mild  character  Avas  maintained  through  successive  out- 
breaks for  twenty-seven  years,  after  Avhich  the  disease  resumed  its  former 
intensity.  The  same  Awiation  in  severity  has  been  found  in  the  epidemics 
of  scarlet  fever  on  the  continents  of  Europe  and  America ; but  in 
Australia  it  has  been  more  uniformly  mild.  A notable  exception,  hoAv- 
ever,  occurred  in  Melbourne  in  the  year  1874,  Avhen  the  tOAAm  AA'as 
ravaged  by  an  epidemic  of  great  malignancy. 

Many  attempts  have  been  made  to  trace  a connexion  betAveen  the 
influences  of  climate,  season,  soil,  and  locality  and  the  tj'pe  assumed  by 
scarlatinal  epidemics,  but  hitherto  Avithout  success.  Hirsch,  hoAvever,  Avhile 
investigating  the  type  of  265  epidemics  in  relation  to  season,  found  a 
slight  ^preponderance  of  severity  in  the  summer  and  Avinter  months — a 
result  by  no  means  confirmed  in  this  country. 
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The  general  mortality  has  varied,  in  ditlerent  epidemics,  from  2 or  3 
to  30  per  cent ; and  there  seems  little  doubt  that  the  severity  of  the 
disease  in  this  countiy  has  been  gradually  diminishing  during  the  last 
three  decades. 

As  compulsory  notification  of  scarlet  fever  has  only  been  widely 
enforced  since  the  year  1890,  it  is  very  difficult  to  obtain  a long  and 
continuous  record  of  the  case -mortality  in  any  particular  district.  In 
London,  however,  the  mortality  of  the  cases  admitted  into  the  hospitals 
of  the  Metropolitan  Asylums  Board  is  of  value  in  arriving  at  an  estimate, 
as  they  now  receive  considerably  more  than  four-fifths  of  the  cases  annually 
notified  in  the  town.  During  the  last  thirty-four  years  212,188  cases  of 
scarlet  fever  haA'e  been  treated  with  a combined  mortality  of  5 '4  per  cent ; 
but  since  the  year  1874  the  annual  percentage  mortality  has  steadily 
fallen  from  12 '2  to  3 ••3.  This  reduction  of  mortality  in  recent  years  is 
no  doubt  partly  due  to  an  improvement  in  the  average  social  status  of 
the  patients  received.  The  latter  figure,  however,  can  hardly  be  taken  as 
quite  representative  of  the  general  scarlet  fever  mortality  of  London  at 
the  present  day,  as  the  cases  sent  into  hospital  still  include  the  larger 
proportion  of  severe  attacks. 

A comparison  of  the  number  of  deaths  with  the  number  of  cases 
notified  in  the  town,  the  only  method  for  which  complete  accuracy  can 
be  claimed,  shews  that  since  1890,  when  notification  first  came  into  force, 
the  fatality  of  scarlet  fever  has  gradually  fallen  to  about  a half. 


Table  II. — Shetving  the  Scarlet  Fever  Mortality  in  London  calculated 
from  Notifications  and  Deaths,  and  that  in  the  Hospitals  of  the 
Metropolitan  Asylums  Board  during  the  fifteen  years,  1890-1904. 


Year. 

Notifications. 

Deaths 

General  Mortality. 

Hospital 

Mortality. 

1S90 

15,330 

876 

5-71 

7-86 

1891 

11,393 

' 589 

5*17 

6-67 

1892 

27,095 

1174 

4-33 

7-28 

189-3 

36,901 

1596 

4-32 

6-11 

1894 

18,440 

962 

5-21 

5-92 

1895 

19,757 

829 

4-19 

5-45 

1896 

25,647 

916 

3 "57 

4-29 

1897 

22,848 

782 

3-42 

4-07 

1893 

16,894 

582 

3-44 

4-12 

1899 

18,089 

398 

2-20 

2-65 

1900 

13,800 

365 

2-64 

2-97 

1901 

18,.381 

584 

3-17 

3-81 

1902 

18,252 

556 

3-04 

3-45 

1903 

12,531 

356 

2-84 

3-10 

1904 

13,4.39 

36 

2-71 

3-37 

The  general  c<ise- mortality  of  scarlet  fever  in  London  at  the  present 
day  would  therefore  appear  to  be  about  3 per  cent.  Although  the 
severity  of  .sc<'irlatinal  epidemics  in  the  past  has  by  no  means  always 
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varied  in  direct  relation  with  the  social  status  or  environment  of  its 
victims,  it  is  nevertheless  a matter  of  common  observation  that  the 
disease  affects  with  greater  severity  the  inhabitants  of  those  over- 
crowded districts  of  London  in  which  poverty  is  rife  and  ill-nutrition 
common  than  it  does  the  more  affluent  classes  living  in  the  comparative 
luxury  of  the  Avest  end  and  more  open  jAarts  of  the  town.  The  aggre- 
gate type  of  attack  in  large  towns  is  for  this  reason  a very  mixed  one. 
Constancy  of  type  is  best  seen  in  rural  districts  and  amongst  the  inmates 
of  large  institutions.  An  epidemic  of  scarlet  fever  arising  in  a school  or 
orphan  asylum,  or  amongst  the  employes  of  a club  or  large  business  house, 
is  usually  extremely  mild,  either  in  virtue  of  a healthy  regime  or  the 
favourable  age  of  its  victims.  (For  the  personal  factors  influencing  the 
case-mortality,  see  Prognosis.) 

Spread  and  Infectivity, — The  contagious  element  of  scarlet  fever  is 
always  derived  from  a previous  case.  In  most  instances  it  is  taken  by 
direct  inhalation  of  the  breath,  or  of  air  charged  Avith  minute  droplets  of 
mucus  or  saliva  projected  from  the  mouth  or  nose.  In  others,  though 
pi-obably  more  rarely,  the  disease  is  conveyed  less  directly  by  the  desic- 
cated discharges  derived  from  the  mouth,  throat,  hose,  or  middle  ear.  A 
rhinorrhoea  or  an  otorrhcea  occurring  in  connexion  Avith  scarlet  feA'er  is 
capable  of  retaining  its  infective  properties  for  many  Aveeks  after  the 
attack  is  passed,  even  though  it  maj'^  have  been  present  before  the  disease 
Avas  contracted.  The  infectivity  of  the  minute  particles  of  the  cuticle 
shed  during  the  earlier  stage  of  descpiamation  can  hardly  be  denied, 
though  the  part  played  by  the  skin  in  disseminating  infection,  at  any 
rate  during  tlie  later  Aveeks  of  the  peeling,  is  Ijy  no  means  as  important 
as  Avas  formerly  believed. 

That  scarlet  fever  is  not  spread  to  any  distance  by  aerial  convection 
is  Avell  shewn  by  the  negative  experience  derived  Avithout  exception  from 
certain  of  the  large  fever  hospitals  Avhich  are  closely  surrounded  by  small 
tenements,  for  the  most  part  croAvded  Avith  young  children. 

It  has  been  asserted  that  scarlet  fever  may  possibly  be  transmitted 
by  means  of  the  urine  in  cases  of  chronic  albuminuria,  but  its  actual 
occurrence  is  certainly  not  supported  by  experience. 

The  virus  may  be  conveyed  Ijy  various  articles  Avhich  act  as  carriers, 
and  the  risk  connected  Avith  cups,  spoons,  forks,  tongue-depressors,  and 
the  nozzles  of  syringes  Avhich  have  been  used  for  the  patient  must  not  be 
overlooked.  Many  instances  have  occurred  in  Avhich  the  agency  of  books, 
clothes,  linen,  toys,  furniture,  bedding,  parcels,  and  letters,  as  Amhicles  of 
contagion,  has  been  clearly  indicated.  Such  articles  are  capable  of 
retaining  the  contagion  in  a potentially  active  form  for  long  periods, 
certaiidy  for  scA^eral  months,  and  possibly  more,  under  such  favouring 
conditions  as  aerial  stagnation,  moderate  temperature,  and  the  absence  of 
daylight.  When  freely  exposed  to  the  destructive  influence  of  light  and 
air,  hoAvever,  they  are  speedily  rendered  harmless. 

In  certain  rare  instances  it  has  been  stated  that  infection  may  have 
been  transmitted  in  a doubly  indirect  manner.  A case  in  point  is  related 
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by  I’rof.  Clitlbrd  Allbntt.  A father,  staying  in  the  house  of  a friend, 
met,  on  the  platform  of  a station  thii'ty  miles  awa}’,  his  son  who  came  to 
this  station  from  a school  in  which  scarlet  fever  Avas  then  jjrovalent.  The 
two  spent  an  hour  and  a half  together,  and  then  returned  to  their 
respective  cjnarters.  AVithin  the  next  four  days  the  lady  of  the  house  to 
which  the  father  returned  fell  ill  and  died  of  malignant  scarlet  fever. 
The  father  and  the  son  remained  well.  Although  the  father  made  anxious 
efforts  to  Hud  the  cause  elsewhere,  no  source  of  infection,  other  than  that 
Avhich  suggested  itself,  could  be  discovered.  "Whether  the  infection  here 
was  actually  transmitted  in  this  way  is  certainly  very  doubtful,  though, 
theoretically,  the  possibility  must  be  admitted.  The  question  at  issue 
has  a A'ery  direct  bearing  on  the  administration  of  a fever  hospital.  It 
has  been  suggested  that  the  occasional  occurrence  of  scarlet  fever  amongst 
the  patients  in  a diphtheria  Avard  is  to  be  explained  by  the  association  of 
the  nurses  in  the  rooms  AA^hich  they  share  in  common,  for  purposes  of 
recreation  and  meals.  The  acceptance  of  this  explanation  Avould  involve 
the  assumption  that  the  infection  had  been  transmitted  through  two 
intermediaries,  neither  of  Avhom  suffered  from  the  disease.  The  assump- 
tion appears  to  the  Avnter  extremely  far-fetched  ; the  accidental  admission 
into  the  diphtheria  ward  of  an  unrecognised  case  of  scarlet  fever,  a con- 
tingency Avhich  is  ahvays  liable  to  occur,  affords  a much  more  likely 
explanation.  The  possibility,  hoAvever,  that  the  disease  may  be  trans- 
mitted through  linen  becoming  infected  in  a laundry  by  contact  with 
that  of  a person  suffering  from  scarlet  feA^er  is  a more  practical  one,  and 
the  risk  through  such  contamination  can  hardly  be  ignored. 

Scarlet  fever  is  sometimes  Avidely  disseminated  by  means  of  an  infected 
milk-supply,  and  instances  of  this  mode  of  diffusion  have  been  frequent  of 
late  years.  Until  the  noAv  historic  outbreak  in  Marylebone,  in  the  year 
1885,  it  AA'as  uniA’ersally  .belieA'ed  that  in  these  milk  epidemics  the  milk 
AA'as  specifically  contaminated  from  a human  source — either  directly  from 
the  hands  of  the  milker,  or  from  accidental  exposure  to  the  products  of  a 
cfise  of  scarlet  feA'er  at  some  point  in  its  transit  betAveen  the  coav  and  the 
consumer.  The  careful  investigations  of  Messrs.  PoAver  and  "Wynter 
Blyth,  in  the  outbreak  referred  to,  led  them,  hoAvever,  to  disregard  tlie 
pos.sibility  of  the  milk  having  received  its  infective  properties  from  any 
human  source.  The  milk  Avas  knoAvn  to  have  been  supplied  from  a dairy- 
farm  at  Hendon,  and,  further,  it  Avas  definitely  proved  to  have  been 
exclusively  derived  from  certain  coavs  Avhich  Avere  suffering  from  a peculiar 
disorder.  Dr.  Klein,  as  a result  of  careful  research,  came  to  regard  this 
disease  in  the  Hendon  coavs  as  the  key  to  the  epidemic  in  Marydebone, 
and  the  CA'idence  he  adduces  undoulffedly  lends  some  confirmation  to  the 
belief  that  it  was  the  analogue  of  human  scarlatina.  (See  p.  421.) 

If  it  be  ultimately  established  that  the  loAver  animals  are  capable  of 
developing  the  disease  and  trairsmitting  it  to  mankind,  it  is  evident  that 
our  vicAvs  of  the  epidemic  possibilities  of  scarlet  feA'er  must  be  correspond- 
ingly extended.  .Moreover,  if  Dr.  Klein’s  teaching  be  confirmed,  viz.  that 
.scarlet  fever  and  the  Hendon  cow  disease,  though  shcAving  considerable 
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varifitioii  in  thoir  clinical  appeai'anccs,  arc  due  to  the  same  micro-organism, 
it  lends  support  to  the  statement  of  Thomas,  that  a disease  corresponding 
to  human  scarlet  fever  has  been  met  with  in  horses,  dogs,  cats,  swine, 
and  other  domesticated  animals.  AVithout  going  so  far  as  to  deny  the 
possible  truth  of  this  statement,  I am  convinced,  by  a somewhat  e.xtensive 
experience  in  this  direction,  that  cats,  at  any  lute,  rarely,  if  ever,  actively 
convey  the  infection  of  scarlet  fever. 

Scarlet  fever  has  been  successfully  inoculated  by  several  observers, 
notably  by  Stickler  in  America,  who  succeeded  in  setting  np  the  disease 
in  ten  children  by  inoculating  them  Muth  the  pharyngeal  mucus  of  a 
scarlatinal  patient.  Although  the  inoculability  of  scarlet  fever  has  been 
demonstrated  by  these  very  questionable  experiments,  the  method  has  no 
practical  l)earing  on  the  spread  of  the  disease. 

The  scarlatinal  patient  is  capal^le  of  imparting  infection  from  the  very 
commencement  of  his  illness,  though  apparently  to  a less  extent  than 
when  the  fever  is  fully  developed,  but  the  time  at  which  his  infectivity 
ceases  is  at  present  impossible  to  determine ; and,  moreover,  it  varies 
widely  in  different  cases.  It  is  a safe  rule  in  practice  to  insist  on  six 
weeks  from  the  appearance  of  the  rash  as  the  minimum  j^eriod  of  isolation, 
after  which  the  patient’s  release  will  depend  upon  the  completion  of 
peeling,  a sound  condition  of  the  fauces  and  buccal  mucous  membrane, 
and  the  absence  of  discharge  from  the  nose  or  ears,  particularly  if 
associated  with  any  sore,  redness,  or  excoriation  of  the  nasal,  oral,  or 
buccal  orifices.  Of  recent  years  the  infectivity  of  the  cuticle  in  the  later 
stages  of  scarlatinal  peeling  has  been  seriously  questioned ; and  it  is  now 
the  common  practice  of  many  physicians,  whose  wide  experience  of  the 
disease  entitles  them  to  be  heard,  practically  to  ignore  the  peeling  in  its 
later  stages,  and  discharge  their  scarlet  fever  patients,  when  fit  in  other 
respects,  quite  irrespective  of  its  progress.  It  is  probable  that  for  the 
majority  of  patients  a six  weeks’  isolation  is  really  unnecessary,  and  the 
period  might  be  curtailed  to  the  extent  of  one  or  even  two  weeks  without 
any  harm  resulting.  On  the  other  hand,  it  is  beyond  dispute  that  in  a 
limited  number  of  persons  the  mucous  membranes  retain  their  infectivity 
for  an  unduly  long  period  after  scarlet  fever’,  without  there  being  any 
indications  which  might  lead  to  its  occurrence  being  suspected.  It  is 
well  established,  moreover,  that  as  the  I’esult  of  catching  an  ordinary 
cold,  the  infective  capacity  of  the  naso-faucial  tract  may  become  reinforced 
to  such  an  extent  that  a convalescent,  in  whom  the  signs  n^e  are  accus- 
tomed to  associate  with  infectiousness  have  long  disappeared,  may  again 
become  an  active  .source  of  danger  to  the  community.  In  view  of  this 
evei’-present  risk,  and  of  our  inability  to  detect  such  exceptional  instances 
of  protracted  infection,  it  is  wiser  to  err  on  the  safe  side,  and  insist  on 
five,  and  in  every  case  in  which  the  patient  is  a young  child,  the  full 
period  of  si.x  weeks’  isolation.  Experience  shews  that  in  adults  such 
undue  persistence  of  infectivity  occurs  but  rarely.  The  time-honoured 
notion  that  a scarlatinal  patient  should  be  regarded  as  infectious  so  long 
as  any  remnant  of  desquamation  remains  to  be  completed  is  gradually 


SCAA'LET  FEVER 


419 


dying  out,  though,  like  many  another  traditional  belief,  founded  on  a 
misconception  and  supported  by  a fictitious  appeal  to  experience,  it  is 
extremely  difficult  to  eradicate.  It  is  true  that  in  many  instances  an 
attack  of  scarlet  fever  has  been  rightly  traced  to  contact  with  a person 
many  weeks  convalescent  from  the  disease,  and  should  that  person  have 
been  found  on  examination  to  be  desquamating,  M'hat  more  natural,  in  view 
of  the  -widely  accepted  belief  in  the  infectivity  of  late  desquamation,  than 
that  the  peeling  should  have  been  held  responsible  for  the  occurrence,  rather 
than  a discharge  from  the  nose  or  ear,  in  amount  perhaps  so  slight  as  to 
have  escaped  detection  ? The  importance  ascribed  to  the  agency  of  the  skin 
in  disseminating  infection  has  diminished  in  proportion  as  the  infectivity 
of  the  discharges  from  the  mouth,  nose,  and  ear  has  become  more  clearly 
recognised.  That  the  desquamating  cuticle  in  the  earlier  stage  of  the 
disease  may  be  concerned  in  spreading  infection,  there  can  be  little 
doubt,  but  whether,  apart  from  the  comparative  ease  with  which  it  may 
be  conveyed  in  the  air,  the  shed  cuticle  is  more  likely  to  do  so  than  any- 
thing else  which  is  constantly  subject  to  contamination  by  the  infective 
emanations  from  the  patient’s  mouth  and  nose,  is  by  no  means  equally 
certain. 

As  convalescence  proceeds  the  risk  of  a patient’s  skin  acting  as  a 
vehicle  of  contagion  becomes  progressively  less,  probably  in  association 
with  the  diminishing  infective  capacity  of  his  naso-faucial  mucous  mem- 
branes. It  is  very  doubtful  Avhether  the  desquamating  cuticle  ever 
derives  its  infective  properties  directly  through  the  skin.  It  is  probable 
that  the  large  epidermal  flakes  which  finally  separate  fi'om  the  hands  and 
feet  in  the  later  stage  of  peeling  are  quite  innocuous,  despite  the  popular 
belief  to  the  contrary.  Still  less  reason  is  there  to  regard  the  second 
peeling  which  occurs  in  some  cases  as  likely  tc  be  infectious,  although 
there  is  good  reason  to  regard  that  which  follows  the  occurrence  of  a 
definite  relapse  of  the  disease  as  being  no  less  a source  of  danger  than 
the  original  peeling.  Eedesquamation  is  in  most  cases  confined  to  the 
hands  and  feet. 

“ Beturn  Cases.” — A certain  number  of  scarlet  fever  i^atients,  some  2 
to  i per  cent,  sent  out  from  the  fever  hospitals  seem  to  communicate  the 
disease  to  other  members  of  the  household  after  their  return  home,  in 
spite  of  the  greatest  care  in  coming  to  a decision  as  to  their  fitness  for 
discharge,  and  in  respect  to  their  final  disinfection.  In  about  one-half 
of  the  cases  the  secondary  attack  occurs  Avithin  the  first  Aveek  after  the 
patient  has  returned,  and  in  aboiit  three-fourths  Avithin  the  first  fortnight. 
A right  undersUinding  of  the  conditions  A\dnch  govern  the  occurrence  of 
these  “return  ca.ses”  is  of  the  highest  interest,  and  the  subject  luis  for 
some  time  past  been  engaging  the  serious  attention  of  those  responsible 
for  the  adininisti-ation  of  our  fever  hospitals.  Some  notcAvorthy  facts 
lia\-e  Ifcen  elicited  as  the  result  of  careful  investigations  into  the  origin 
of  “return  cases.”  It  has  been  a.scertained  that  in  a large  ju-oportion  of 
such  instances  the  primary  infecting  case  Avas  found  to  be  sullcring  from 
a mucous  discharge  from  the  nasal  passage.s,  in  some  cases  associated 
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with  reddening  or  excoriation  of  the  external  nares,  either  immediately 
or  within  the  hrst  few  days  after  the  patient’s  return  from  the  hospitol. 
In  a smaller  proportion  of  cases  either  an  otorrhcea,  often  intermittent  in 
character,  or  some  degree  of  faucial  or  glandular  inflammation  was 
present,  and  in  the  remainder,  nothing  abnormal  could  be  detected.  The 
frequent  association  of  rhinitis  with  an  infective  capacity  in  the  person 
affected  with  it  is  now  well  established,  but  the  question  as  to  how  it  is 
set  ixp,  and  what  relation  it  bears  to  the  strictly  scarlatinal  factor  in 
respect  to  infectivity  is  by  no  means  conclusively  settled.  It  is  highl}' 
probable  that  even  in  the  later  stage  of  convalescence  a latent  infectivity 
of  the  naso-faucial  passages  xs  capable  of  being  reawakened  under  the 
stimulus  of  a fresh  inflammatory  attack.  In  some  cases,  no  doubt,  this 
is  brought  about  as  the  result  of  an  ordinary  cold  caught  at  the  time  of 
discharge.  Not  infrequently,  the  inflammation  so  set  up  represents  the 
recurrence  of  a complication  which  had  been  present  at  an  earlier  period 
of  the  illness. 

The  opinion  is  gradually  gaining  ground  that  some,  at  any  rate, 
of  these  secondary  inflammations  of  the  nasal,  faucial,  or  aural  mucous 
membranes,  which  so  frequently  ai'ise  during  the  course  of  the  scarlatinal 
attack,  are  due  to  a separate  infection  with  micro  - organisms  derived 
either  from  a similar  case,  or  from  another  patient  suffering  from  a 
septic  attack  of  the  disease.  If  it  be  ultimately  proved  that  such  dis- 
charges are  propagable  in  themselves,  the  necessity  for  rigid  classification 
of  scarlet  fever  patients  during  both  the  acute  and  convalescent  stages 
of  the  illness  will  be  apparent,  if  only  with  the  object  of  protecting  those 
in  whom  the  infection  has  died  out  from  the  risk  of  again  becoming 
a source  of  danger  to  the  community. 

Dr.  A.  Newsholme,  who  has  devoted  much  attention  to  the  subject, 
is  inclined  to  disbelieve  in  the  influence  of  “ Hospitalism  ” altogether. 
He  holds  that  the  balance  of  evidence  is  in  favour  of  the  autochthonous 
origin  of  the  infection  which  gives  rise  to  these  complications,  and  that 
their  appearance,  like  the  undue  persistence  of  infectivity  which  charac- 
terises some  attacks,  is  part  of  the  inevitable  natural  history  of  certain 
types  of  cases.  Dr.  Newsholme  argues  that,  having  regard  to  the  large 
number  of  cases  which  come  into  hospital  with  the  complications  already 
established,  we  are  justified  in  ascribing  a similar  origin  to  these  com- 
plications when  they  appear  at  a later  stage  of  the  illness. 

It  is  only  reasonable  to  assume  that  in  most  instances  the  organisms 
responsible  for  these  complications  are  derived  from  the  patient  himself ; 
but  to  contend  that  it  is  so  in  every  instance,  and  ipso  facto  to  denj^  the 
likelihood  of  their  ever  being  contracted  from  an  outside  source,  would 
be  equally  unreasonable.  Having  regard  to  the  facility  with  which 
diphtheria,  especially  of  the  nasal  variety,  is  known  to  spread  amongst 
the  convalescent  children  in  a scarlet  fea'er  ward,  it  is  fair  to  assume 
that  in  some  instances,  at  any  rate,  the  origin  of  these  septic  discharges 
is  cajxable  of  a similar  explanation.  The  contention  that  “ return  cases  ” 
arc  alrao.st  exclusively  a hospital  phenomenon,  and  that  they  are  pracfi- 


sc  A LET  FEVER 


421 


Ciilly  unknown  in  connexion  witli  scarlet  fever  patients  who  are  treated 
at  home,  is  certainly  nnfoinuled.  Unfortunately,  reliable  statistics  as  to 
the  occurrence  either  of  mucous  discharges  or  of  “ return  cases”  in  the 
latter  group  are  not  available.  It  is  probable,  however,  that  “ return 
cases”  do  occur  more  freciuently  in  connexion  with  hosiDita!  patients 
than  in  those  who  are  treated  at  home,  but  there  are  good  reasons  vdiy 
it  should  be  so,  apart  from  the  cpiestion  of  segregation. 

It  is  to  be  feared  that  “ return  cases  ” will  occasionally  arise  in  spite  of 
the  most  scrupulous  care,  though  it  is  probable  that  their  number  may  be 
reduced  by  the  adojition  of  measures  which  are  calculated  to  maintain  the 
mucous  membranes  of  the  scarlatinal  convalescent  in  a healthy  condition. 
That  the  peeling  in  its  later  stages  is  not  responsible  is  fairly  certain. 

F.  F.  C. 

Bacteriology. — 'Whether,  byan  exhaustive  investigation  on  the  bacteri- 
ology of  scarlet  fever,  conducted  on  the  imjmoved  lines  of  modern 
research,  it  will  be  possible  to  obtain  any  definite  facts  such  as  we  possess 
in  the  case  of  enteric  and  certain  other  specific  fevers,  it  is  impossible  to 
say,  but  there  is  no  doubt  that  oui'  knowledge  of  the  bacteriology  of  this 
disease  is  very  limited.  As  is  well  known,  Dr.  Klein  (19)  isolated  from 
the  tissues  of  patients  sufi'ering  from  scarlet  fever  a streptococcus  which 
he  called  the  Streptococcus  scarlatince ; and  in  1885,  while  investigating  an 
outbreak  of  fever  among  certain  cows  belonging  to  a farm  at  Hendon,  he 
isolated,  from  the  ulcerations  of  the  teats  and  udders  and  from  certain 
viscera,  a streptococcus  which  he  considered  to  be  identical  with  the 
Streptococcus  scarlatince  (19).  This  observation  was  not  only  of  great 
interest  but  also  of  very  great  importance,  because  the  milk  obtained 
from  the  affected  cows  was  shevui  to  have  been  consumed  by  persons  who 
subsequently  developed  scarlet  fever.  Dr.  Mervyn  Gordon  (10)  followed 
up  these  observations  by  a careful  and  most  valuable  research  into  the 
bacteriology  of  scarlet  fever.  Dr.  Klein  asserted  that  the  most  important 
cultural  characteristics  of  his  streptococcus  were  as  follows; — (1)  'When 
grown  in  broth,  the  medium  remains  perfectly  clear,  but  the  organism 
forms  either  one  or  more  coherent  conglomerate  masses  at  the  bottom  of 
the  test-tube.  On  shaking  the  cultiue  the  growth  is  not  dissociated,  but 
rises  in  the  fluid.  (2)  Litmus  milk  is  acidified  and  clotted  in  a few  days. 
(3)  The  tendency  for  a nodular  growth  to  form  on  agar.  (4)  A low 
type  of  pathogenicity  for  mice  and  I'abbits.  Dr.  Gordon  noted  that  the 
conglomerate  masses  of  the  streptococcus  grovung  in  broth  are  so  coherent 
that  there  may  be  great  difficulty  in  making  film  preparations.  The 
clotting  of  milk  was  also  found  to  take  place  very  I’apidly,  and  the 
acidification  to  pass  on  to  a stage  of  reduction. 

Bacillary  forms  of  this  streptococcus  appear  to  be  especially  well 
marked  ; in  some  instances  the  morphological  characteristics  were  very 
similar  to  those  of  the  bacillus  of  diplithcria.  In  agar  coiidensation-fluid 
both  the  conglomerate  masses  and  bacillary  forms  are  well  shewn,  pro- 
ducing the  .so-called  “lace-work  pattern.” 
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Dr.  Gordon  investigated  ten  cases  of  scarlet  fever  in  the  post-mortem 
room.  Cultures  were  made  from  fifty-six  sources.  In  forty-five  instances 
a streptococcus  was  recovered,  and  on  twenty-six  occasions  out  of  these 
forty-five,  in  pure  culture.  From  four  cases  ho  ol)tained  the  Streptococcus 
conglomerates.  In  the  large  majority  of  instances,  therefore,  a strepto- 
coccus other  than  that  described  by  Dr.  Klein  was  obtained.  It  appears 
probable  that  the  Streptococcus  conglomeratus  isolated  l)y  Kurth  from  the 
scarlatinal  cadaver  is  similar  to  the  most  common  variety  of  “.strepto- 
coccus ” recovered  by  Dr.  Gordon  in  the  post-mortem  room  in  his  cases. 

Ill  twelve  cases  of  ear-discharge  associated  with- scarlet  fever,  strepto- 
cocci were  isolated  from  the  discharge  in  six  instances,  but  in  no  case  was 
the  Streptococcus  scarlatina;  obtained.  In  two  cases  of  rhinorrhma  also 
associated  with  scarlet  fever,  the  Streptococcus  scarlatince  was  obtained  in  two 
instances,  in  one  case  in  pure  culture,  in  the  other,  associated  with  the 
Streptococcus  meclius.  In  twenty -seven  examinations  of  the  throat  also 
made  by  Dr.  Gordon  during  all,  but  especially  in  the  latter,  stages  of 
scarlet  fevei’,  the  Streptococcus  scarlatince  was  found  on  no  less  than 
twenty  occasions.  It  would  a^ipear,  therefore,  that  the  scarlatinal  throat 
is  the  chief  habitat  of  this  organism. 

Dr.  Gordon  also  made  a careful  investigation  with  definite  dilutions 
of  the  tonsillar  exudation  in  ten  cases  of  scarlet  fever,  and  obtained  the 
Streptococcus  scarlatina;  in  every  instance.  In  seven  examples  it  was 
the  only  organism  present,  and  the  cultures  were  made  from  the  diluted 
tonsillar  exudation  yWroo  These  are  the  main  points  in 

Dr.  Gordon’s  valuable  work,  to  which  further  reference  will  be  made. 

W.  J.  Class  of  Chicago,  in  1889,  described  an  organism  which  he 
considered  to  be  the  cause  of  scarlet  fever.  He  found  that  the  ideal 
medium  for  the  cultivation  of  this  organism  was  glycerin  agar  to  which 
5 per  cent  of  garden  earth  had  been  added,  the  mixture  being  sterilised  in 
the  usual  way.  The  organism  he  isolated  is  best  described  as  a very  large 
gonococcus.  It  was  found  to  be  Gram-negative  and  had  a special 
tendency  to  become  glutinous.  He  found  it  invariabljr  in  the  throat 
secretion,  blood,  and  scales  of  patients  suffering  from  scaidet  fever.  It 
was  extremely  pathogenetic  for  mice,  and  produced  a disease  in  pigs 
resembling  scarlet  fever.  Class  stated  that  the  blood  of  a patient  just 
recovering  from  scarlet  fever  inhibited  the  growth  of  this  coccus,  and 
considered  that  the  specificity  of  this  organism  has  been  proved  beyond 
reasonalffe  doubt,  and  that  the  streptococcus  has  nothing  wdiatever  to 
do  wdth  the  etiology  of  scarlet  fever.  Class’s  observations  have  been 
confirmed  by  others  in  America. 

From  this  rdsunid  it  is  obvious  that  the  bacteriology  of  scarlet  fever 
requires  careful  and  extended  investigation  before  anything  further  is 
written  on  the  subject,  and  that  the  main  question  undoubtedly  centres 
around  the  streptococci.  At  the  present  day  further  knowdedge  is 
more  urgently  needed  aliout  the  streptococci  than  about  any  other 
organisms  known  to  baeteriolog,y. 

The  indiscriminate  use  of  the  wmrd  “streptococcus’’  is  a matter  for 
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serious  regret,  and  it  is  to  be  lioj)ed  that  in  the  fntni-o  no  organism  rvill 
be  labelled  as  the  Streptococcus  p!/0(jenes  until  it  has  been  subjected  to  a 
very  careful  stiuly,  and  the  same  remark  applies  to  eveiy  other  type  of 
streiJtococcus. 

If  “streptococci  ” are  really  the  important  .agents  in  the  bacteriology 
of  scarlet  fever,  as  some  investigators  consider,  careful  attention  must  be 
devoted  to  the  investigation  of  simjtle  and  toxic  cases  of  scarlet  fever 
during  life.  It  is  itrobable  that  the  septic  cases  really  represent  an 
infection  with  the  class  of  “streptococci”  which  produce  simil.ar  results  in 

m. any  other  diseases — a view  which  is  somewhat  strengthened  by  post- 
mortem observations  in  fat.al  cases  of  this  v.ariety  of  attack.  It  is 
impossible,  however,  at  the  present  time  to  accept  the  streptococcus 
described  by  Dr.  Klein  as  the  specific  cause  of  scarlet  fever,  any  more 
than  we  can  accept  the  coccus  of  Class.  The  cultural  characters  of  the 
Streptococcus  scarlatirue  are  not  sufficiently  distinct  to  warrant  this 
organism  being  classed  as  a special  streptococcus  with  specific  functions. 
The  most  that  can  be  said  is  that,  with  the  improved  cultural  methods 
suggested  by  Dr.  IMervyn  Gordon,  we  may  be  enabled  to  decide  whether 
previous  observations  on  this  subject  are  correct  or  not. 

Dopter  has  found  that  the  serum  of  patients  suffering  from  scarlet 
fever  may  contain  agglutinins  for  “ streptococci  ” isolated  from  cases  of 
erysipel.as,  septicsemia,  and  puerperal  fever,  as  well  as  for  the  streptococci 
of  scarlet  fever,  while  the  serum  of  patients  suffering  from  erysipelas  and 
many  other  infections  may  agglutinate  the  so-called  Streptococcus  scar- 
latirue. On  these  grounds,  this  observer  considers  that  Ave  should  reject 
the  e\ddence  so  ffir  collected  in  favour  of  a specific  streiDtococcus  for 
scarlet  fever.  It  is  doubtful,  hoAvever,  if  these  observations  are  of  very 
much  value,  as  the  existence  of  specific  agglutinins  for  the  streptococci  is 
at  the  present  time  very  difficult  either  to  prove  or  disproA^e. 

Parasitology. — In  January  1904,  Mallory  published  his  communication 
on  “ Protozoon-like  bodies”  found  in  four  cases  of  sc.arlet  fever.  He 
observed  these  bodies  in  the  protoplasm  of  the  epitheli.al  cells  of  the 
epidermis,  between  these  cells,  and  free  in  the  lymphatic  A^essels  and 
spaces  of  the  corium  just  beneath  the  epidermis.  These  bodies  he 
classified  under  tAvo  divisions: — (1)  Pound  or  elongated  and  lobulated 
bodies  Avhich  stained  delicately  but  sharply  Avith  methylene  blue.  The 
“ parasites  ” belonging  to  this  class  possessed  a fine  granular  reticulum 
and  usually  a close  meshAVork.  They  Avere  sometimes  found  to  be 
vacuolated  and  Avere  usually  of  small  size  (2-7/a).  (2)  The  Padiate  type. 

The.se  Avere  seen  in  the  protoplasm  of  the  epitheli.al  cells  of  the  epidermis, 
anrl  also  free  in  the  lymph-spaces  of  the  corium  and  in  the  vessels.  In 
some  instances  these  bodies  formed  small  clumps.  They  varied  in  size 
from  4-G/a.  The  radiate  bodies  contained  a central  spherical  body  around 
which  Avere  grouped  10-18  segments,  in  some  instances  united,  but  in 
others  sharply  sejKirated  from  each  otlier  at  the  sides.  The  autojisies  of 
-Mallory’s  cases  Avere  all  m.ade  some  time  j)revious  to  his  communication, 

n. amcly,  in  1897-98.  ’I'wo  of  the  four  c.ascs  Avere  of  the  severe  toxic  type. 
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while  the  other  two  were  instances  of  septic  scarlet  fever  complicated 
with  diphtheria.  In  each  instance  the  rash  was  present  at  the  time  of 
death.  Mallory  also  examined  six  other  cases  fatal  early  in  the  disease, 
and  many  more  which  died  during  the  stage  of  desquamation,  hut  with  a 
negative  result.  In  four  examples,  pieces  of  skin  were  removed  during 
life,  but  no  bodies  Avere  seen.  Blood -smears,  the  nasal  and  lacrimal 
discharges,  and  swab  preparations  from  the  back  of  the  throat  Avere  all 
examined,  but  also  Avith  a negative  result. 

The  technique  recommended  by  Mallory  is  as  follows: — (1)  Fix 
small  pieces  of  skin  in  Zenker’s  fluid.  (2)  Stain  paraflin  sections  in  a 
5 per  cent  aq.  sol.  of  eosin  (yelloAvish,  Griibler)  for  thirty  minutes.  (3) 
"Wash  in  Avater.  (4)  Stain  for  twenty  minutes  in  the  folloAving : methy- 
lene blue  (Griibler),  1;  pot.  carb.,  1;  Avater,  100;  take  one  part  of 
this  stain  to  four  of  water.  (5)  Wash  in  water.  (6)  Differentiate  iti 
95  per  cent  alcohol  until  eosin  colour  I’eturns  in  sections  and  nuclei  are 
sharply  defined.  (7)  Dehydrate,  clear,  and  mount  in  the  usual  Avay. 

Mallory  summarises  his  communication  as  folloAvs : “ I Avish  to  say 
that  Avhile  I,  personally,  believe  that  these  bodies  are  protozoa,  and  have 
an  etiological  relationship  to  scarlet  feA'er,  I am  far  from  claiming 
that  such  a relation  has  been  proved.” 

Pieces  of  skin  from  a fatal  case  of  toxic  scarlet  fever  in  an  adult  male 
Avere  sent  to  me  by  Dr.  Caiger  for  examination.  The  rash  Avas  Avell 
developed  at  the  time  of  death,  Avhich  occurred  on  the  fourth  da_y  of  the 
disease.  The  skin  Avas  fixed  in  Zenker’s  fluid  and  in  salt-formalin,  and 
stained  Avith  the  best  of  the  parasitic  stains,  Leishman’s.^  I did  not 
find  any  bodies  such  as  Mallory  has  described,  or  in  fact,  anything 
abnormal  Avhich  could  be  likened  to  such  bodies.  In  skin  from  another 
fatal  case  sent  to  me  by  Dr.  Caiger,  I also  failed  to  find  any  of  Mallory’s 
bodies.  Field,  hoAvever,  found  Mallory’s  parasites  in  five  cases  of  scarlet 
fever  Avhich  had  died  during  the  course  of  the  disease,  but  failed  to  find 
them  in  the  skin  removed  from  four  cases  during  life. 

L.  S.  I). 

Morbid  Anatomy — The  scarlatinal  rash  is  characterised  anatomically 
by  an  active  hypersemia  of  the  cutis  A'era,  attended  Avith  a certain  degree 
of  capillaiy  stagnation  and  considerable  inflammatory  mdema.  Transuda- 
tion of  leucocytes  and  of  a variable  amount  of  blood-pigment  into  the 
suri’ounding  tissue  next  occurs,  attended  Avith  a rapid  proliferation  of  the 
cells  of  the  Malpighian  layer,  Avhich  becomes  considerably  thickened  in 
consequence.  Sections  of  skin  from  a toxic  case  of  scarlet  fever  in  Avhich 
death  had  occurred  on  the  fourth  day  Avere  cut  and  examined  b}’  Mr. 
Dudgeon,  Avho  reports  as  folloAV's  : — “ These  Avere  stained  by  Lcishman’s 

' I use  a .stronger  .solution  of  Leishnian’s  powder  in  luetliyl  alcohol  than  is  rcconiineuded 
by  Leishman — namely,  one  of  0'5  per  cent ; but,  otlierwise,  my  technitpie  is  according  to  his 

directions.  . . 

- I beg  to  acknowledge  my  indebtedness  to  Mr.  Dudgeon  for  much  assi.stance  in  the 

revision  of  this  section. 
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nietliocl.  I found  large  numbers  of  coiirsely  granular  eosinophils  in  the 
epidermis,  corium,  and  subcutaneous  tissue,  and  also  in  the  small 
capillaries.  The  varieties  of  eosinophils  present  were  similar  to  those 
found  bv  me  in  the  thymus  glands  of  children — i.e.  (1)  large  eosinophils 
with  dark,  almost  homogeneously  stained  nucleus ; (2)  similar  cells  with 
a ptde,  irregularly  sbiined  nucleus ; (3)  polynuclear  cells.  The  last  variety 
was  seldom  found,  but  the  first  and  second  varieties  were  present  with 
equal  constancy.  Numbers  of  bacilli  were  seen  lying  in  the  epidermis 
and  in  the  true  skin.  These  organisms  were  large  bacilli  with  rounded 
ends,  and  stained  evenly  throughout.  I failed  to  find  any  evidence  of 
capsule  formation.  The  organism,  of  course,  could  not  be  identified.” 

Desquamation  is  l)rought  about  by  the  effusion  of  serum  between 
the  cells  of  the  epidermal  layer  just  superficial  to  the  rete  mucosum, 
in  virtue  of  which  their  mutual  cohesion  is  weakened,  and  actual 
separation  occurs  at  the  point  of  effusion.  This  is  best  marked  in 

those  papules  which  actually  become  vesicular.  When  the  fluid  contents 
have  dried  up,  their  delicate  investments  soon  become  ruptured  in  the 
centre,  leading  a series  of  pinholes  from  which  peeling  extends  centri- 
fugally.  The  eruptive  hypersemia  also  induces  a trophic  change  in  the 
rete  mucosum,  which  is  characterised  by  excessive  proliferation  of . its 
eomponent  cells.  In  this  way  the  shed  epithelium  is  rapidly  renewed. 

Although  the  hair-follicles  are  implicated  to  a considerable  extent  in 
the  inflammatory  process,  it  is  a mistake  to  regard  them  as  necessarily 
concerned  in  determining  the  minute  papular  elevations  of  the  cutis 
which  are  so  characteristic  a feature  of  the  eruption.  Many  of  these 
unquestionably  correspond  in  position  with  the  inflamed  follicles,  but  the 
gi’eater  number  are  quite  independent  of  them.  Moreover,  the  surfaces 
of  extensive  cicatrices  which  are  entirely  destitute  of  hair- follicles  are 
occasionally  observed  to  be  more  or  less  covered  with  j^uncta. 

The  faucial  inflammation  in  simple  cases  is  characterised  by  inflam- 
matory hyperfemia  of  the  mucous  membrane,  attended  with  an  accumu- 
lation of  leucocytes  in  its  deeper  parts.  Proliferation  and  degenerative 
changes  in  the  epithelial  cells  occur,  and  the  exudation  of  fibrinous 
hunph.  In  more  severe  cases  the  supei’ficial  layers  of  the  epithelium 
perish,  and,  by  an  extension  of  the  process,  more  or  less  ulceration  of  the 
mucous  membrane  results. 

The  tonsils  share  in  the  inflammation  to  a variable  extent ; in  some 
ca.ses  a slight  degree  of  swelling,  accompanied  by  adenoid  proliferation 
and  an  increase  of  the  follicidar  secretion,  is  all  that  occurs.  In  those  of 
the  .septic  type,  on  the  other  hand,  extensive  ulceration  usually  takes 
place,  and  small  foci  of  suppuration  may  appear  in  the  substance  of  the 
tonsil.  The  organs  may  slough  en  misse,  and  the  necrosis  by  its  exten- 
sion re.s\dt  in  widespread  destruction  of  the  pillars  of  the  fauces,  the 
velum  palati,  and  the  tissues  comprising  the  upper  part  of  the  larynx. 
In  such  cases  the  ulcerated  surface  is  found  crowded  with  putrefactive 
organisms,  which  also  invade  the  lymphatics  leading  down  to  the  sub- 
jacent gland.s.  These  latter  are  infiltrated  with  inflammatory  products. 
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and  not  infrequently  suppuration  occurs  in  their  substance  or  in  the  sur- 
rounding cellular  tissue.  In  addition  to  other  micrococci  concerned  in 
purulent  infection,  the  presence  of  streptococci  can  almost  invariably  be 
demonstrated  in  the  lymphatics  and  neighbouring  tissues. 

It  must  be  confessed  that  to  the  naked  eye  the  post-mortem  appear- 
ances in  a fatal  case  of  scarlet  fever  are  neither  striking  nor  constant. 
They  necessarily  vary  with  the  type  of  attack,  the  stage  at  Avhich  death 
occurred,  and  the  presence  or  absence  of  any  definite  complication. 

Ixigor  mortis  is  usually  well  marked.  In  toxic  attacks  decompo.si- 
tion  sets  in  early,  and  is  remarkably  rapid.  In  such  cases  cadaveric 
lividity  usually  appears  before  death.  The  blood  is  dark  in  colour, 
thin,  and  does  not  clot.  The  vessel  - walls  usually  shew  a consider- 
able amount  of  staining,  and  minute  suliserous  ecchymoses  are  not 
uncommon.  Cover-glass  preparations  were  made  by  Dr.  Mervyn  Gordon 
of  the  heart’s  blood  in  eight  fatal  cases  of  scarlet  fever.  In  three  instances 
no  micro-organisms  were  seen,  while  in  five  “ a streptococeus  ” was  found. 
In  two  of  the  negative  examples,  however,  “ a streptococcus  ” was 
obtained  from  the  heart’s  blood  by  cultural  methods.  In  four  of  these 
cases  bronchopneumonia  was  present  at  the  autops}q  while  in  all  but  one 
instance  there  was  evidence  of  one  or  more  of  the  septic  complications  of 
scarlet  fever. 

The  macroscopic  appearances  of  the  lungs,  liver,  spleen,  and  pancreas 
are  indistinguishable  from  those  seen  in  persons  who  have  died  from 
other  forms  of  acute  fever. 

The  apiiearance  presented  by  the  intestines  in  some  cases  of  scarlet 
fever  is  negative,  but  in  a consideiable  number  an  unusual  amount  of 
softening  of  the  mucous  membrane  is  present  throughout  the  entire 
tract.  Along  with  this  is  occasionally  seen  uniform  swelling  and  softening 
of  the  lymjihoid  glands,  which  is  usually  better  marked  in  the  solitarj’’ 
glands  than  in  the  Peyer’s  patches  ; but  in  some  cases  both  are  equally 
involved.  In  very  rare  instances  this  swelling  of  the  glands  proceeds  to 
actual  ulceration,  giving  rise  to  a distinct  suggestion  of  enteric  fever ; 
and,  like  enteric,  the  aft'ection  is  commonly  seen  most  distinctly  in  the 
lower  part  of  the  ileum. 

The  appearance  presented  by  the  kidneys  shews  considerable  variation. 
In  some,  in  which  there  has  been  no  clinical  evidence  of  nephritis,  and 
even  in  a certain  number  in  which  the  symptoms  have  been  well  marked, 
the  kidney  to  the  naked  eye  appears  practically  normal,  ivith  the  exceji- 
tion  of  an  undue  amount  of  congestion  throughout  its  substance, — an 
effect  winch  may  be  observed  in  the  kidneys  of  persons  who  have  died  from 
any  form  of  acute  fever.  The  capsule  strips  readily,  leaving  a raw-looking 
surface  from  wliich  blood  exudes  freely.  In  the  majority  of  cases  of 
scarlet  fever,  however,  in  which  death  has  occurred  early  in  the  disease, 
the  kidney  will  present  the  following  appearances  : The  organ  is  usually 
somewhat  enlarged,  sometimes  considerably ; it  is  congested,  especially 
in  the  zone  corrcsjionding  with  the  bases  of  the  pyramids,  where,  and 
also  in  the  sulistance  of  the  cortex,  minute  extravasations  of  blood  are 
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often  seen ; the  stelliito  veins  on  the  snrface  are  unduly  tnrgid,  and 
the  capsule  readily  separates.  The  cortical  substance  on  section,  and 
also  its  denuded  surface,  is  pule,  opaque,  and  of  a yellowish  tint  when 
washed.  I'he  Malpighian  capsules  are  clearly  defined  on  the  snrface  of 
the  organ,  anil,  on  section  of  the  somewhat  enlarged  cortex,  ajipear 
as  minute  reddish  - brown  specks  : while  the  branches  of  the  dilated 
interlobular  arteries  are  seen  as  small  oozing  points  dotted  over  the  cut 
surface.  If  death  occur  at  a somewhat  later  stage  in  a case  which 
has  been  obviously  complicated  with  nephritis,  the  kidney  is  usually 
somewhat  increased  in  size,  the  swelling  being  mainly  cortical.  It  is  less 
congested,  more  opaque,  and  obviously  fatty.  The  Malpighian  tufts 
may  still  be  defined,  both  on  the  denuded  surface  and  on  section  ; but 
they  appear  as  yellowish  dots,  and  blood  can  but  rarely  be  seen  to  exude 
from  them. 

In  kidney  disease  of  considerable  standing,  say  from  six  months  to  a 
year,  the  appearances  presented  by  the  organ  are  those  of  subacute  intei’- 
stitial  nephritis.  The  kidney  is  smaller  in  size,  the  cortex  usually  being 
relatively  diminished ; the  substance  is  firmer,  and  the  capsule  more 
adherent ; no  projection  of  the  tufts  can  be  observed  on  the  free  surface. 

^Microscopically,  the  characters  of  the  scarlatinal  kidney  are  those  of 
a glomerular  nephritis.  The  appearances  are  briefly  as  follows : — A 
vascular  change  occiu’s,  comprising  intense  congestion  of  the  Malpighian 
tufts  and  the  smaller  vessels  of  the  cortex,  attended  rvith  hyaline 
degeneration  of  their  internal  coat,  and  an  increase  of  nuclei  in  the 
middle  muscular  layer.  This  leads  to  narrowing  and  obliteration  of 
their  channels  in  parts,  and  is  especially  noticeable  at  the  junction  of  the 
afferent  vessels  with  the  Malpighian  tufts,  at  which  point  thrombi  are 
occasionally  found.  The  cells  of  the  supporting  connective  tissue,  and 
those  of  the  epithelial  lining  of  the  capsules,  share  in  the  proliferation. 
30  that  many  of  the  capsules  become  so  crowded  with  newly  formed 
epithelium  that  their  function  becomes  entirely  arrested.  Aggregation 
of  round  cells  or  leucocytes  next  occurs  in  the  connective  tissues 
surrounding  the  cortical  vessels  and  Malinghian  capsules,  and  to  a 
less  extent  in  the  space  intervening  between  the  urinary  tubules.  This 
accumulation  of  leucocytes  is  most  marked  around  the  small  afferent 
arterioles  at  a point  immediately  before  they  penetrate  the  Malpighian 
capsules.  The  circulation  through  the  vessels  is  hindered  by  the  com- 
pression to  which  they  are  thereby  subjected,  and  the  capsules 
themselves,  being  involved  in  the  process,  ultimately  become  greatly 
thickened,  and  some  of  them  entirely  destroyed.  Cloudy  swelling  of 
the  epithelium  lining  the  convoluted  tubes,  the  interior  of  the  hlalpighian 
cfipsule.s,  and  ultimately  the  straight  tubes,  sets  in  at  an  early  date. 
The  tubules  eventually  become  more  or  less  choked  by  the  accumula- 
tion of  cells  shewing  marked  granular  and  fatty  changes.  Blood,  too,  is 
often  effused  into  their  lumen,  and  many  of  the  tubes  become  filled 
with  casts  composed  of  either  blood  or  epithelial  cells  in  all  stages  of 
degeneration. 
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If  death  occur  at  a later  stage  in  the  disease  the  vascular  changes 
will  not  be  so  obvious,  but  the  most  striking  appearances  will  be  found 
in  the  interstitial  elements,  combined  with  a variable  amount  of  parenchy- 
matous degeneration,  proportionate  to  the  intensity  of  the  interstitial 
aft'ection.  The  eidargement  of  the  organ  is  dependent  upon  a great 
increase  in  the  number  of  connective-tissue  cells  throughout  the  cortex, 
leading  to  considerable  thickening  of  the  Malpighian  capsules,  and  more 
or  less  strangulation  of  their  blood-supply ; a certain  number  of  them 
become  obliterated.  The  ultimate  state,  if  the  integrity  of  the  organ  be 
not  in  part  restored,  is  characteristic  of  interstitial  nephritis  : a greater  or 
less  degree  of  contraction  takes  place  in  the  interstitial  tissue,  leading  to 
cortical  atrophy,  and  an  abnormal  adherence  of  the  capsule.  This  change 
in  the  course  of  years  may  lead  to  a contraeted  granular  kidney. 

Considerable  diversity  of  opinion  exists  as  to  whether  the  changes  in 
the  kidney  above  described  are  necessarily  present  in  all  cases  of  scarlet 
fever,  even  in  slight  degree.  Dr.  Klein  (21)  has  described  the  presence 
of  definite  glomerular  nephritis  in  twenty-three  consecutive  cases  of 
scarlet  fever,  fatal  at  periods  varying  from  two  days  to  seven  weeks  ; and 
in  all  of  those  in  which  the  organs  were  examined,  he  found  the  renal 
changes  to  be  associated  with  certain  definite  morbid  appearances  in 
the  liver,  spleen,  and  lymphatic  glands.  It  does  not  necessarily  follow, 
however,  that  the  changes  referred  to  are  present  in  cases  in  which  the 
attack  is  of  a mild  character.  I am  able  to  assert  that  in  one  case  at 
least  of  early  scarlet  fever,  in  which  death  resulted  from  a cause  un- 
connected with  the  disease,  the  kidneys  on  careful  microscopical  examina- 
tion revealed  no  evidence  whatever  of  glomerular  or  commencing 
interstitial  nej)hritis.  Excluding  those  cases  in  which  the  albumin  is 
only  present  as  a faint  and  transient  trace,  and  those  in  Avhich  it  would 
seem  to  lie  directly  dependent  upon  the  pyrexia,  it  is  well  to  regard  all 
instances  of  albuminuria  arising  during  the  course  of  an  attack  of  scarlatina 
as  clue  to  glomerular  nephritis  of  some  degree,  if  only  in  view  of  the 
frequency  of  its  observed  occurrence. 

Mr.  Dudgeon  recently  submitted  the  kidneys  from  two  cases  of  septic 
scarlet  fever  to  careful  microscopical  examination.  In  each  case  he  found 
very  marked  evidence  of  acute  interstitial  inflammation  throughout  the 
renal  substance.  The  changes  were  indistinguishable  from  those  which 
may  be  found  in  any  septic  condition,  and  certainly  could  not  be  regarded 
as  dependent  upon  the  specific  action  of  the  scarlet  fever  poison. 

A granular  change  may  be  found  in  the  heart-muscle  in  faUil  cases  of 
scarlet  fever  similar  to  that  often  met  with  during  the  course  of  any 
other  acute  specific  fever  or  toxeemia,  whether  microbic  in  origin  or 
otherwise.  (Other  manifestations  of  the  scarlatinal  poison  are  dealt  with 
in  the  section  devoted  to  complications,  see  p.  451.) 

Predisposition,  in  respect  to  scarlet  feA^er,  Avill  be  found  to  vary  Avith 
age,  sex,  state  of  health,  idiosyncrasy,  and  previous  attack.  Of  these 
strictly  personal  factors  the  first  and  last  are  undoubtedly  the  most 
important. 
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Aije. — During  the  firet  yejxr  of  life  the  liability  to  scarlet  fever  is  not 
very  great ; but  from  the  time  of  birth  it  shows  a rapid  increase  until  the 
maximum  is  reached  during  the  fifth  and  sixth  years.  From  this  time 
onwards  a progressive  diminution  of  susceptibility  sets  in,  whicli  is 
continued  throughout  life.  On  reference  to  Table  III.,  which  deals  with 
the  age-incidence  of  16.7,840  cases  of  scarlet  fever  treated  in  the 
Hospitals  of  the  Metropolitan  Asylums  Board,  it  will  be  seen  that 
considerably  more  than  a third  of  the  whole  numl)er  fall  within  the 
second  quinquennium  of  life,  and  nearly  another  third  in  the  first; 
the  remaining  cases  are  distributed  in  the  later  quinquennia,  of  which 
the  third  claims  considerably  more  than  half.  It  will  be  evident, 
therefore,  to  what  an  extent  early  youth  determines  susceptibility  to* 
the  disease. 


Table  III. — Shemng  Incidence  of  Age,  Sex,  and  Mortality  of  167,840 
cases  of  Scarlet  Fever  admitted  into  the  Hospitals  of  the  Metropolitan 
Asylums  Board  from  1892  to  1904  inclusive. 


Males. 

Females. 

Total. 

Ages. 

Coses 

admitted. 

Died. 

Jlortality 
per  cent. 

Cases 

admitted. 

Died. 

Mortality 
per  cent. 

Cases 

admitted. 

Died. 

Mortality 
per  cent. 

Under  1 

891 

197 

20-2 

745 

157 

21-0 

1,636 

354 

21-6 

1-2 

3149 

518 

16-4 

2909 

468 

16-0 

6,058 

986 

16-2 

2-3 

5809 

707 

12-1 

5431 

640 

11-7 

11,240 

15,647 

1347 

11-9 

3-4 

7802 

683 

8-7 

7845 

682 

8-6 

1365 

8-7 

4-5 

8562 

501 

6-2 

8894 

464 

5-2 

17,456 

965 

5*5 

Totals  under 

5 years 

26,213 

2606 

9-9 

25,824 

2411 

9-3 

52,037 

5017 

9-6 

5-10 

31,829 

822 

2-5 

35,480 

847 

2-3 

67,309 

1669 

2-4 

10-15 

14,042 

158 

1-1 

15,219 

150 

0-9 

29,261 

308 

1-0 

15-20 

5,092 

68 

1-3 

4,827 

53 

1-0 

9,919 

121 

. 1-2 

20-25 

2,215 

38 

1-7 

2,529 

42 

1-6 

4,744 

80 

1-6 

25-30 

999 

20 

2-0 

1,401 

19 

1-3 

2,400 

39 

1-6 

30-35 

503 

11 

2-1 

' 743 

11 

1-4 

1,246 

22 

1-7 

35-10 

218 

5 

2*2 

314 

8 

2-5 

532 

13 

2-4 

40-45 

92 

4 

4-3 

118 

3 

2-5 

210 

7 

3-3 

45—50 

50 

3 

6-0 

53 

1 

1-8 

103 

4 

3-8 

50-55 

27 

3 

11-1 

27 

54 

3 

5-5 

55-60 

6 

8 

14 

And  upwarfl.s 

5 

6 

11 

Totals 

81,291 

3738 

4 -5 

86,549 

3545 

4-0 

167,840 

7283 

4-3 

Sex. — The  influence  of  sex  is  not  very  great.  Females  are  attocked 
more  frequently  than  males  in  the  proportion  of  about  seventeen  to 
sixteen.  This  preponderance  in  respect  to  female  attacks  is  seen  in  ciich 
quinquennium  after  the  fourth. 

Slah-  of  Health. — The  liability  to  scarlet  fever  is  considerably  increased 
by  the  presence  or  recent  attack  of  any  other  acute  disease  ; and  to  this 
rule  the  other  members  of  the  infectious  group  are  certainl}'  no  e.xceptions 
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[see  “ Co-existence  of  Infections  Diseases  ”].  The  liability  is  in  all  prob- 
al)ility  greatest  in  a person  snft'ering  from  diphtheria.  It  is  very  doubtful 
whether  a strumous,  tuberculous,  or  other  dyscrasia  augments  in  any  way 
the  susceptibility  to  scarlet  fever ; although  a predisposition  is  certainly 
engendered  by  the  presence  of  any  form  of  catarrh,  especially  if  localised 
in  the  fauces.  The  proneness  shewn  by  the  inmates  of  a children’s  wai-d 
to  take  the  infection  of  scarlet,  fever  is  a matter  of  common  observation, 
and  the  almost  uniform  mildness  of  its  manifestation  has  given  a special 
significance  to  the  term  “ Surgical  Scarlet  Fever.”  That  a woman  during 
her  puerperium  is  thereby  rendered  more  susceptible  to  the  contagion  of 
scarlet  fever  than  she  would  have  been  if  subject  to  any  other  lowering 
■ influence  is  at  least  doubtful.  Although  I am  by  no  means  convinced  of 
the  truth  of  the  assumption,  I would  regard  the  occun-ence  of  scarlet 
fever  in  a puerperal  woman  with  the  greate.st  anxiety.  In  most  cases  of 
puerperal  scarlet  fever  the  act  of  parturition  is  directly  excited  by  the 
scarlatinal  attack,  and  in  view  of  the  high  fatality  attendant  on  the  con- 
dition every  effort  should  be  made  to  protect  a woman  from  the  risk  of 
contracting  scarlet  fever  during  the  later  weeks  of  pregnancy,  even  though 
she  may  have  previously  suffered  from  the  disease. 

Idiosyncrasy. — The  immunity  enjoyed  by  some  individuals  who,  though 
frequently  exposed  to  its  infection,  have  never  at  any  time  been  attacked 
by  the  disease,  is  a curious  fact.  In  some  instances  this  immunity  is 
shared  by  all  the  members  of  one  familjq  and  in  certain  cases  would 
appear  to  be  hereditary.  Of  the  conditions  regulating  it,  however,  we 
have  absolutely  no  knowledge.  Experience  shows  that  we  are  not 
justified  in  I’egarding  such  immunity  as  necessarily  lifelong.  Upon  othei- 
families  the  disease  seems  to  fall  with  jocculiar  severity. 

Previous  Attack. — The  immunity  conferred  by  one  attack  in  most  cases 
persists  throughout  life ; but  second  attacks  of  scarlet  fever,  arising  some 
years  after  a previous  one,  are  not  infrequent  in  persons  in  whom  the 
genuineness  of  the  primary  attack  was  beyond  dispute.  (See  p.  4G0.) 

Incubation. — In  the  large  proportion  of  cases  in  Avhich  it  is  possible 
to  define  the  length  of  incubation  with  any  degree  of  accurac}'-,  the  jieriod 
between  a single  definite  exposure  and  the  first  appearance  of  the  febrile 
symptoms  has  been  either  two,  three,  oi'  moi-e  rarely  four  da}'s.  In  some 
well -authenticated  instances  the  latent  stage  appears  to  have  been  less 
than  for.y-eight  hours,  but  not  much  less.  It  is  significant  that  in  some 
of  those  cases  for  Avhich  an  incubation-period  of  less  than  twenty-four 
hours  has  been  claimed,  the  I’ash  has  not  ajspeared  until  the  third  or 
fourth  day  of  the  recorded  attack.  The  early  sore  throat  from  which 
the  attack  was  dated  may  not  have  been  a symptom  of  scarlet  fever  at 
all ; a simple  tonsillitis  or  faucial  catarrh  seems  to  render  a person  dis- 
tinctly more  susceptible  to  the  action  of  the  scaidatinal  virus. 

On  the  other  hand,  the  period  of  incubation  is  sometimes  as  long  as 
five  days  and,  in  rare  instances,  it  is  believed  to  have  been  six.  It  is 
sometimes  loosely  stated  that  the  latent  stage  in  scarlet  fever  may  extend 
to  the  length  of  a fortnight,  oi'  even  more,  but  such  statements  must  be 
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received  with  cjuitiou.  I have  never  met  with  an  instance  in  which  there 
was  any  valid  reason  to  believe  that  the  period  had  been  longer  than  six 
complete  days.  The  point  is  one  of  jiractical  imj)ortcince  to  parents, 
schoolmasters,  and  other  persons  concerned  with  the  custody  of  children. 
To  them  it  may  be  confidently  stated  that,  if  the  first  case  be  properly 
isolated  and  the  necessary  measures  for  disinfection  scrupulously  carried 
out,  the  siifety  of  the  other  members  is  practically  assured  ijrovidcd  no 
second  case  arise  liefore  the  end  of  a ^veek. 

Invasion. — The  scarlatinal  attack  in  most  persons  develops  Avith 
considerable  rapidity.  In  addition  to  the  ordinary  signs  of  the  febrile 
state — such  as  chills,  Aveariness,  aching  pains,  coated  tongue,  loss  of 
appetite,  broken  rest,  etc. — there  are  three  sj^mptoms  Avhich,  in  the 
frequency  of  their  observed  association,  are  eminently  suggestive  of  com- 
mencing scarlet  fever.  These  are  sore  throat,  headache,  and  vomiting ; 
to  Avhich  may  be  added,  less  decidedly,  diarrhoja.  Of  these,  sore  throat 
accompanied  by  more  or  less  submaxillary  tenderness  and  a variable 
degree  of  painful  deglutition,  is  jArobably  the  most  constant : next  to 
this,  in  adults,  headache  is  the  most  frequent  symptom.  In  young 
childi-en  vomiting  is  relatively  more  frequent  than  headache  : diarrhoea, 
too,  more  commonly  occurs  in  children,  especially  on  the  approach  of  a 
seA'ere  attack.  An  analysis  of  1008  consecutive  cases,  in  Avhich  the 
history  of  onset  Avas  inquired  into,  sheAved  that  vomiting  occurred  in  no 
less  than  80  per  cent.  In  this  series  more  than  75  jeer  cent  of  the 
patients  Avere  under  ten  years  of  age. 

I have  said  that  in  a certain  number  of  cases  a sore  throat  may  have 
preceded  the  other  symptoms  of  invasion  by  seA'^eral  days,  even  a Aveek. 
But  in  them  a distinct  aggraA^ation  of  the  throat  symptoms  is  usually 
seen  Avhen  the  rise  of  temperature,  A'omiting,  headache,  and  other  signs 
of  acute  inAuision  supervene,  and  the  early  sore  throat  may  A’ery  likely 
have  been  luiconnected  Avith  scarlet  fever,  or  but  a disposing  factor  at 
best. 

As  a general  rule  seA^erity  of  initial  symptoms  implies  severity  of 
attack,  especially  in  respect  to  persistent  A'omiting,  Avhich  is  the  rule  in 
cases  of  the  toxic  A’ariety.  Some  A'ery  mild  cases  exhibit  a complete  absence 
of  prodroma ; the  rash  may  be  the  earliest  and  most  prominent  sign  of 
illness. 

Clinical  Varieties. — Although  no  fa.st  line  can  be  draAvn  betAveen 
one  form  of  attack  and  another,  yet  for  the  purposes  of  clinical 
cL'issification,  and  more  important  still,  in  reference  to  prognosis,  cases 
of  scarlet  fever  can  generally  lie  referred  to  one  or  the  other  of  the 
three  folloAiung  classes — *^(1)  Simple;  (2)  Septic;  (3)  Toxic.  Of  these 
the  tAvo  latter  are  by  far  the  most  grave.  It  must  be  remembered, 
however,  that  individual  cases  vary  much  in  the  severity  of  their  mani- 
festations, and  in.sensible  gradations  are  seen  on  the  confines  of  these 
chisses. 

1.  Simple  Scarlet  Fever. — OtherAvise  kiiowti  as  Scarlatina  Simplex  or 
Scarlatina  Benigna.  A case  of  this,  the  most  common  A-ariety,  may  bo 
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expected  to  conform  to  the  following  brief  description  : — After  the  symp- 
toms of  invasion  have  persisted,  usually  with  moderate  severity,  for  about 
twenty-four  hours,  the  characteristic  scarlet  eruption  appears,  being  in 
most  instanees  first  scon  on  the  neck  and  chest.  In  a considerably  smaller 
number  of  cases  the  rash  may  be  delayed  even  as  long  as  thirty-six  hours 
after  definite  invasion.  It  is  attended  with  an  aggravation  of  the  throat 
symptoms,  and  the  tongue  becomes  thickly  coated.  Faucial  discomfort 
and  more  or  less  difficulty  in  swallowing  are  complained  of,  the  attempt 
being  attended  in  some  cases  with  severe  pain  running  up  into  one  or 
both  ears.  Tenderness  and  a slight  but  palpable  fulness  of  the  sub- 
raaxillary  lymphatics  are  present  in  almost  every  instance.  Along  with 
the  increase  in  faucial  discomfort  the  rash  continues* to  extend,  the  pulse 
to  increase  in  frequency,  and  the  temperature  to  rise,  until  a climax  is 
reached  on  the  third  or  fourth  day  of  illness,  by  Avhich  time  the  tongue 
presents  the  characteristic  strawberry  appearance.  Then,  or  a day  later, 
defervescence  sets  in  attended  with  a gradual  improvement  in  all 
directions  ; the  temperature  and  pulse  steadily  subside,  the  eruption 
fades,  the  throat  symptoms  abate,  and  convalescence  is  reached  on  the 
sixth,  seventh,  or  eighth  day  unless  interrupted  by  some  complication. 
It  may  therefore  be  stated  that  the  febrile  stage  in  a well-developed 
attack  of  simple  scarlet  fever  lasts  about  a week,  and  even  before  this 
time  some  peeling  is  usually  to  be  found  in  certain  situations. 

2.  H&ptic  Scarlet  Fever. — This  fonn  of  attack,  often  designated  Scarla- 
tina Anginosa  or  Scarlatina  Ulcerosa,  most  commonly  aft'ects  young 
children.  It  is  characterised  by  an  ulceration,  which,  though  invariably 
commencing  in  the  tonsils,  may  by  its  e.xtension  lead  to  widespread 
destruction  of  the  neighbouring  parts.  The  process  is  attended  with  the 
gradual  development  of  the  symptoms  of  septicsemia.  Briefly,  the  course 
of  the  attack  is  as  follows : — After  the  signs  of  invasion  (which  are  likely 
to  be  more  pronounced  than  in  the  previous  class  of  case)  have  persisted  for 
some  twenty-four  hours  more  or  less,  the  eruption  appears.  It  is  usually 
intense  and  somewhat  dusky,  often  patchy  in  its  distribution,  and  usually 
shews  a tendency  to  staining,  which  may  go  on  to  the  formation  of 
definite  petechi® ; with  the  development  of  the  rash  the  temperature 
rises  rapidly,  and  by  the  third  or  fourth  day  may  reach  104°  F.  The 
tonsils  arc  much  swollen  and  the  faucial  mucous  membrane  acutely 
inflamed.  The  surface  of  the  tonsils  often  presents  necrotic  patches  of 
variable  extent,  or  the  tonsils  may  be  covered  Avith  an  exudation  Avhich 
is  very  likely  to  be  mistaken  for  concurrent  diphtheria  (see  p.  848).  I he 
tongue  by  this  time  will  probably  present  the  characteristic  strawberry 
appearance.  From  this  point  the  condition,  instead  of  beginning  to 
amend  as  in  simple  scarlet  fever,  continues  with  undiminished  severity. 
The  temperature  remains  high,  and  is  of  an  irregular,  remittent  character. 
The  exudation  or  supei’ficial  slough,  if  present  on  the  tonsils,  gives  way 
to  definite  ulceration,  attended  with  progressive  infiltration  of  the  .sub- 
jacent lymphatic  glands  and  surrounding  cellular  tissue.  This  brawny 
infiltration  of  the  tissues  of  the  neck  is  most  distinctive  of  septic  scarlet 
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fever,  and  if  bilateral,  may  almost  encircle  the  neck  like  a collar.  A 
profuse  muco-purulent  discharge  escapes  from  the  nares,  which  become 
more  or  less  blocked  in  consequence.  In  some  of  the  nrore  severe  cases 
the  discharge  is  thin  and  sjinious,  and  by  its  irritant  cflect  e.vcoriates  the 
skin  surrounding  the  nostrils.  By  the  end  of  the  week  the  tongue  again 
becomes  coated  and  diy,  the  breath  ofl’ensive,  and  diarrhoea  often  super- 
venes. During  the  course  of  the  second  week,  unless  improvement  set 
in,  the  patient’s  state  is  usually  aggravated  by  further  changes.  The 
temperature  becomes  of  a more  septic  character,  shewing  diurnal  varia- 
tions of  two  or  even  three  degrees ; and  the  jiulse  more  rapid  and  feeble, 
in  young  children  being  often  over  160.  Deglutition  becomes  more 
ditticult,  or,  in  consequence  of  progressive  destruction  of  the  parts,  even 
impossible.  Thus,  food  and  offensive  secretions  may  enter  the  larynx, 
and  bronchitis  or  bronchopneumonia  result.  The  condition  of  the  patient 
at  this  junctm’e  is  deplorable  in  the  extreme.  Any  attempt  to  swallow 
is  attended  with  the  passage  of  food  into  the  nares.  Sleep  is  impossible 
in  consequence  of  the  entrance  of  irritant  secretions  into  the  larynx. 
This  may  give  rise  to  paroxysmal  attacks  of  coughing,  which  are  ex- 
tremely painfid  by  reason  of  the  ulcerated  condition  of  the  structures 
forming  the  upper  part  of  the  laryngeal  opening.  In  such  cases  no  rest 
can  be  obtained,  and  the  exhaustion  and  general  prostration  are  extreme. 

Towards  the  end  of  the  second  week  a morbilliform  eruption  of  se^Dtic 
origin  may  appear  on  the  buttocks,  cheeks,  and  extensor  aspect  of  the 
larger  joints ; and  the  case  may  rapidly  prove  fatal.  Death  may  not 
occur  until  the  third  or  fourth  Aveek,  in  which  case  suppuration  is  A'ery 
prone  to  arise  in  connexion  with  some  of  the  lymphatic  glands,  or 
elseAvhere.  Further  symptoms,  AA'hich  usually  set  in  before  death  and 
afford  evidence  of  the  septicemic  nature  of  the  case,  are  profuse  diarrhoea, 
restlessness,  deliriiun,  SAveating,  pulmonary  congestion,  bronchopneumonia, 
Avasting,  and  albuminuria.  In  cases  which  recover,  the  pyrexia  and  other 
symptoms  usually  sheAv  a gradual  abatement  during  the  latter  half  of  the 
second  or  third  Aveek ; but  even  in  these  the  duration  of  the  acute  illness 
is  seldom  less  than  a fortnight;.  Wasting  is  considerable,  and  con- 
A'alescence,  often  interrupted  by  the  advent  of  some  well -recognised 
complication,  is  correspondingly  protracted. 

Toxic  Scarlet  Fever. — This  form  of  attack  includes  those  cases  Avhich 
are  often  described  by  the  terms  Scarlatina  Maligna,  Ataxic  or  Adynamic 
Scarlet  Fever.  The  characteristic  feature  is  that  the  gravity  of  the 
patient’s  condition  is  out  of  all  proportion  to  the  severity  of  the  throat 
lesion.  In  the  true  malignant  attack  the  patient  is  struck  doAvn  by  the 
inten.sity  of  the  scarlatinal  poison,  and  dies  even  before  the  typical 
symptoms  of  the  disease  have  had  sufficient  time  to  sheAv  themsclA’es. 
The  nush,  if  present  at  all,  is  patchy  and  ill-developed ; there  is  but  little 
affection  of  the  fauces,  the  pulse  is  extremely  rapid  and  feeble,  and  the 
patient,  often  conscious  to  the  end,  succumbs  Avith  the  signs  of  profound 
nerA'ous  depression,  and  a temperature  which,  as  in  snake-bite,  may  Iuia’c 
been  subnormal  throughout. 
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iSuch  cases  at  the  present  day,  in  London  at  any  rate,  are  extremely 
rare ; whatever  may  have  been  the  case  in  the  past.  Not  infrequently, 
however,  a type  of  attack  is  met  with  which  by  its  toxic  intensity  is 
deserving  of  the  name  “ Semi -malignant.”  It  presents  the  following 
characters : the  signs  of  invasion  are  unusually  severe,  especially  the 
vomiting,  which  often  persists  throughout ; the  temperature  soon  rises  to 
a great  height,  perhaps  to  106°  F.,  and  is  for  the  most  part  sustained,  with 
but  slight  remission ; the  rash  quickly  appears,  and  becomes  intensely 
vivid,  with  a tendency  to  cyanosis,  best  marked  in  the  lips  and  extremi- 
ties ; petechiiB  sometimes  appear  in  the  skin,  which  may  become  much 
discoloured  in  dependent  parts ; the  fauces  are  vividly  injected,  and 
more  or  less  o3dematous,  but  there  may  be  no  ulceration  whatever,  nor 
any  obvious  infiltration  of  the  subjacent  lymphatics ; the  pulse  is  very 
frequent,  often,  in  children,  reaching  180  by  the  end  of  the  second  or 
third  day.  Vomiting,  intense  restlessness,  muscular  tremor,  and  mental 
confusion  are  usually  present,  the  latter  passing  through  the  stage  of 
delirium  into  final  coma.  Occasionally,  however,  especially  in  adults, 
the  mind  remains  remarkably  clear  almost  to  the  end.  Death  commonly 
takes  place  on  the  fifth  or  sixth  day.  Towards  the  end  of  these  cjises 
the  temperature  often  shews  a fiirther  elevation.  It  may  register  above 
106°  at  the  time  of  death.  Cadaveric  lividity  always  sets  in  rapidly, 
and  signs  of  its  approach  are  often  noticeable  before  life  is  extinct.  As 
in  tyi)hus  fever,  tliis  condition  simply  represents  the  final  development  of 
a petechial  eruption  coupled  during  life  with  some  degi-ee  of  cyanosis,  and 
may  be  regarded  as  an  expression  of  the  intense  toxic  haemolysis. 

It  should  be  remarked  that  the  term  “ malignant  ” is  often  loosely 
applied  to  that  class  of  case  which  is  here  described  under  the  name 
“septic.”  It  is  true  that  many  of  such  cases,  from  one  point  of  view, 
are  malignant — indeed  very  malignant;  but  in  them  the  dominant 
symptoms  are  dependent  upon  the  relative  severity  of  a local  lesion 
Avhich  may  be  regarded  as  more  or  less  contingent  to  scarlet  fever.  It 
seems  to  me  more  logical  to  restrict  the  term  “malignant”  to  those 
cases  which  are  malignant  in  virtue  of  the  intense  action  of  the  essential 
scarlatinal  poison. 

Analysis  of  Symptoms. — Aspect. — The  facial  expression  in  scarlet 
fever,  at  any  rate  at  an  early  stage  of  the  attack,  is  usually  intelligent. 
The  eyes  are  bright  and  sparkling,  and  the  conjunctivas  during  the  first 
two  days  are  commoidy  somewhat  injected,  especially  if  the  rash  be 
well  developed.  The  cheeks  are  from  the  first  suffused  with  a vivid 
Hush,  which,  on  the  second  or  third  day  of  the  eruption,  becomes  as  it 
were  dusted  over  with  a fine  white  powder,  giving  rise  to  an  appearance 
of  jjowder  and  rouge  which  is  very  suggestive  of  the  stage.  This  is  in 
reality  the  earliest  sign  of  peeling.  In  many  cases  the  powdering  is  so 
fine  that  it  might  not  inaptly  be  compared  to  the  bloom  on  a ripe  peach, 
and  tends  greatly  to  enhance  the  natural  beauty  of  childhood.  Its 
characters  may  be  clearly  defined  by  the  aid  of  a magnifying  lens.  The 
forehead,  too,  is  not  infrequently  flushed,  but  to  a much  less  extent. 
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The  region  iirouiul  the  mouth  is  never  invaded  by  a flush  or  rash  of  any 
description,  but  stands  out  pale  and  wliite  in  marked  contrast  to  the 
vividly  injected  cheek.  This  circumoral  pallor  forms  a well-defined 
circle  or  triangle,  bounded  laterally  by  the  naso-labial  folds,  and  below 
by  the  point  of  the  chin.  This,  though  by  no  means  distinctive  of  scarlet 
fever,  is  of  considerable  diagnostic  value  as  a point  of  diflerentiation  from 
measles.  After  the  fall  of  the  temperature,  and  the  decline  of  the  rash, 
the  complexion  loses  these  characteristics,  and  the  countenance  generally 
becomes  somewhat  pallid.  The  pallor  is  partly  the  result  of  powdery 
desquamation,  and  is  in  some  degree  dependent  upon  a condition  of  post- 
scarlatinal  anasmia.  In  very  mild  attacks,  -with  slight  eruption,  these 
distinctions  may  not  be  apparent. 

Eruption. — The  scarlatinal  rash  is  very  characteristic,  appearing 
usually  within  twenty-four  hours  after  the  symptoms  of  definite  inva- 
sion ; it  is  first  seen  on  the  chest,  neck,  and  upper  arms,  from  thence  it 
spreads,  in  the  course  of  a few  hours,  over  the  trunk,  down  the  arms, 
and  finally  reaches  the  legs,  extending  from  above  downwards.  In  well- 
marked  cases  it  usually  reaches  its  height  in  three  days,  that  is,  on  the 
fourth  day  of  attack.  Its  fidl  development  on  the  lower  part  of  the 
legs  may  be  as  much  as  twenty-four  hours  later  than  on  the  chest  and 
neck.  Its  colom-  may  be  best  described  as  a bright  brick-red,  varying  in 
mild  attacks  towards  pink,  and  shewing  a tendency  to  the  darker  scarlet 
tints  in  toxic  cases.  Intensity  and  persistence  usually  go  together,  with 
a proportionate  tendency  to  staining. 

There  are  two  elements  in  the  developed  scarlatinal  eruption — a 
finel}'  papular  or  so-called  punctate  element,  which  is  usually  the  first 
to  appear,  and  the  last  to  go  ■,  and  a superadded  erythema,  representing 
the  confluent  element.  This  is  more  transient,  and  usually  disappears 
earlier  than  the  fine  papidation  referred  to.  In  many  cases,  however, 
the  rash  is  of  a mixed  character  from  the  outset.  By  careful  attention 
to  the  relative  development  of  the  rash  on  different  parts  of  the  surface, 
it  is  usually  possible  to  gauge  with  some  degree  of  accmacy  the  stage 
at  which  the  attack  is  presented.  Confirmatory  evidence  of  great  value 
can  also  be  deduced  from  the  appearance  of  the  tongue  at  the  same 
stage.  The  rash  when  fully  developed  is  attended  with  a considerable 
amount  of  inflammatoiy  cedema,  causing  more  or  less  difficulty  in  flexing 
the  finger-joints. 

The  eruption  fades  in  the  order  in  which  it  appeared,  going  hand  in 
hand  with  the  rise  and  fall  of  the  temperature.  In  well-developed  cases 
the  rash  is  gone  by  the  end  of  the  rveek,  leaving  behind  a uniform 
greenish -yellow  discoloration  of  the  skin.  This  is  best  recognised  b}' 
pres.sing  rvith  the  finger  on  the  surface  of  the  abdomen,  and  then  rapidly 
withdrawing  it.  In  some  instances  distinct  lines  of  hmmorrhagc  may  be 
discerned  for  several  days  running  transversely  across  the  flexor  surface 
of  the  ellxjws,  wrists,  and  knees. 

CerUiin  local  peculiarities  of  the  eruption  are  deserving  of  notice. 
In  the  first  pkiee,  it  may  be  emphatically  stated  that  a true  scarlatinal 
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eruption  is  very  rarely  seen  on  the  face ; what  is  seen  is,  as  has  been 
stated,  simply  an  erythematous  flush,  best  marked  on  the  cheeks,  and 
often  in  less  degree  on  the  forehead.  No  punctation,  still  less  papulation, 
is  to  be  found  in  the  vast  majority  of  cases.  The  same  distinction  is  true 
of  the  palms,  and  still  more  of  the  soles. 

Although  the  distribution  of  the  minute  eruptive  papules  may  be  to 
some  extent  determined  by  the  points  of  emergence  of  hairs,  yet  this  is 
by  no  means  necessarily  so ; for  the  majority  of  them  do  not  correspond 
in  locality  with  the  hair -follicles,  or,  if  so,  only  by  accident.  However, 
the  local  anatomical  peculiarities  of  the  skin  are  not  altogether  without 
effect  on  the  development  of  the  scarlatinal  eruption.  AVhere  the  skin 
surface  is  coarsely  papular,  as  for  instance  on  the  outer  surface  of  the 
upper  arms  and  on  the  outside  of  the  legs  and  thighs,  it  will  be  found 
that  the  rash  is  characterised  by  numerous  coarse  and  indurated  papules. 
These,  however,  may  be  normally  present,  in  which  case  they  are  simply 
rendered  more  obvious  by  the  hyperaemia  Avhich  is  an  essential  feature  of 
the  scarlatinal  eruption.  But  although  in  their  nature  many  of  these 
papules  may  not  be  strictly  scarlatinal,  they  nevertheless  afford  valuable 
indications  of  a recent  eruption,  as,  by  retaining  their  injection,  they 
may  remain  unduly  obvious  for  several  da)''S  after  the  true  rash  has  dis- 
appeared. The  diagnostic  value  of  this  coarse  papulation  on  the  outer 
side  of  the  legs  and  upper  arms  during  the  second  week  of  scarlet  fever 
can  hardly  be  overestimated. 

During  the  decline  of  the  eruption  the  tension  in  the  skin  gradually 
relaxes  as  the  oedema  disappears,  and  a somewhat  shrivelled,  parchment- 
like appearance  of  the  epidermis,  especially  on  the  hands  and  feet,  affords 
a trustworthy  indication  of  the  peeling  which  is  to  follow. 

In  some  cases,  in  consequence  of  the  intensity  of  the  rash,  the  minute 
papules  which  characterise  the  scarlatinal  eruption  actually  proceed  to 
vesiculation,  and  so  give  rise  to  localised  crops  cff  miliaria.  They  difler 
in  their  appearance  from  those  seen  in  acute  rheumatism  in  that  each 
one  is  situated  upon  an  olwiously  inflamed  base.  They  most  often 
occur  upon  the  back  of  the  hands,  wrists,  and  forearms,  more  rarely 
on  the  neck,  chest,  and  abdomen,  and  often  give  rise  to  considerable 
irritation. 

Desquamation. — A certain  amount  of  peeling  of  the  cuticle  will  be 
found  in  all  cases  which  have  been  attended  Avith  a distinct  eruption. 
AVhether  peeling  ever  occurs  in  cases  in  Avhich  there  has  been  absolutely 
no  rash  is,  hoAvever,  less  certain.  Its  amount  is  usually  proportionate  to 
the  intensity  and  persistence  of  the  eruption.  Desquamation  bears  the 
same  relation  to  the  antecedent  eruption  as  peeling  of  the  tongue  does 
to  the  previous  inflammatory  injection  of  the  mucous  lining  of  the 
mouth  and  fauces.  In  infants,  in  whom  the  skin  is  soft  and  fatty,  the 
subsequent  peeling  is  usually  but  slight  and  transient,  and,  unless  looked 
for  Avith  the  greatest  care,  may  escape  observation  altogether.  It  may  be 
best  obserA^ed  by  rubbing  the  skin  Avith  a tOAvel  after  the  child  has  beeii 
bathed,  Avhen  delicate  rolls  of  cuticle  Avill  generally  be  seen  to  come  otl 
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for  several  clays  after  the  rash  has  faded.  Peeling,  too,  is  often  slight 
and  ill-defined  in  adults  who  have  passed  through  a mild  attack.  The 
only  sign  of  its  presence  in  persons  in  whom  the  skin  is  naturally  greasy, 
as  it  often  is  in  young  adults  who  are  the  subjects  of  acne,  may  be  a 
late  sepiiration  in  patches  of  the  thick  epidermis  of  the  palms  and  soles. 

The  local  peculiarities  of  the  skin  in  diflerent  parts  of  the  body  exert 
a modifying  effect  upon  the  character  of  the  desquamation.  Thus,  on 
the  face  and  eai-s  it  usually  takes  the  fonn  of  a fine  powdering,  and  the 
same  may  be  true  of  the  groins,  axillce,  and  inner  side  of  the  upper 
arms.  On  the  neck,  trunk,  forearms,  and  thighs  the  surface  epidermis 
separates  in  the  form  of  delicate  scales  or  shreds  of  variable  size,  com- 
monly preceded  by  a pin-hole  or  worm-eaten  appearance  of  the  cuticle 
which  is  very  distinctive.  From  these  numerous  centres  the  peeling 
extends  centrifugally,  until,  by  fusion  of  their  peripheries,  any  such 
arrangement  is  imperceptible.  The  skin  covering  the  front  of  the  knees 
usually  desquamates  in  coarser  scales  and  in  less  characteristic  fashion. 
This  is  still  better  marked  as  regards  the  palms  and  the  soles,  from  Avhich 
the  cuticle  usually  comes  off  in  large  thick  flakes.  In  some  instances 
these  are  so  extensive  as  to  resemble  an  incomplete  glove  or  golosh  ; 
whereas  in  others,  a dry  and  chalky  appearance  of  the  palms  and  soles  is 
all  that  can  be  found  to  represent  desquamation.  It  has  been  said  that 
the  nails  are  occasionally  shed  as  a part  of  the  general  desquamative 
process,  but  I have  never  seen  this  occur. 

The  earliest  sign  of  desquamation  will  be  found  on  the  face  in  the 
form  of  the  fine  powdering  on  the  cheeks,  which,  if  the  subjacent  flush 
be  well  marked,  gives  rise  to  the  powder-and-rouge  appearance  before 
referred  to.  In  many  cases  the  powdering  is  of  a coarser  character,  and 
may  be  earliest  and  best  marked  on  the  frontal  eminences,  the  eyelids, 
the  muco-cutaneous  junction  of  the  lips,  the  lobules  of  the  ears,  and  at 
the  margin  of  any  scab  or  recent  cicatrix  wherever  situated.  Iii  well- 
developed  attacks  the  peeling  may  be  visible  on  the  face  as  early  as  the 
second  day  of  the  rash.  It  rapidly  extends,  and  by  the  end  of  the  week 
is  well  marked  on  the  neck,  chest,  and  inner  surface  of  the  arms.  By 
the  end  of  the  second  week  peeling  will  have  become  more  or  less  general. 
The  face  and  neck  by  this  time  will  usually  have  completed  their  peeling, 
and  evidence  of  that  Avhich  is  to  follow  ma}'^  either  then,  or  a little  later, 
be  observed  on  the  palms  and  soles,  which  feel  dry  and  parchment-like, 
and  present  a somewhat  wrinkled  appearance.  At  the  end  of  four  weeks 
peeling  in  most  ca.ses  will  have  been  completed,  Avith  the  exception  of  the 
palms  and  soles,  Avhich  do  not  become  clear  as  a rule  until  two  or  three 
Aveeks  more  have  elapsed. 

In  some  persons  the  period  of  desquamation  extends  to  the  length  of 
three  or  even  four  months,  but  the  majority  Avill  h.ave  finished  their 
yajeling  in  from  six  to  eight  Aveeks.  Bedesquamation  not  infrc(|uently 
occurs,  but  is  rarely  more  than  partial. 

A slight  furroAv  running  tran.sversely  across  the  nail  often  serves  as 
an  indication  of  a previou.s  .scarlatinal  eruption.  These  depre.ssed  lines. 
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which  not  infrequently  have  a dotted  appearance,  may  be  seen  above  the 
bed  of  the  nail  during  the  course  of  the  third  week,  and,  i-ising  as  the 
nail  grows,  they  usually  reach  the  free  border  in  four  or  five  months. 
Though  met  with  in  other  fevers,  they  l)ut  rarely  reach  the  same  degree 
as  in  many  cases  of  scarlet  fever. 

Temperature. — Rising  I'apidly  with  the  first  symptoms  of  invasion,  the 
temperature  usually  reaches  its  climax  on  the  thircl  or  fourth  evening  of 
the  disease,  by  which  time  the  rash  also  vdll  have  attained  its  full  de- 
velopment. After  this  the  course  of  the  temperature  Avill  vary  Avith  the 
type  of  attack.  In  simple  scarlet  fever  it  proceeds  pari  passu  Avith  the 
eruption,  sheAving  a gradual  decline  until  the  normal  is  reached  by  about 
the  end  of  the  week,  or,  in  very  mild  cases,  a day  of  tAvo  sooner. 
During  the  first  three  or  foiir  days  the  diurnal  variation  is  but  slight, 
the  evening  temperature  being  usually  a degi'ee  or  tAvo  higher  than  the 
morning  record.  Throughout  the  lysis,  Avhich  coincides  Avith  the  latter 
half  of  the  Aveek,  the  daily  excursion  is  .commonly  somcAvhat  wider, 
sheAving  perhaps  a difference  of  more  than  two  degrees  betAveen  the 
morning  and  evening  records.  In  this  form  of  attack  the  temperature 
but  rarely  reaches  105°  F.,  even  on  the  evening  of  the  third  or  fourth  da}'. 
It  usually  varies  at  this  stage  betAveen  102°  and  104°,  and  its  subsequent 
decline  is  commonly  more  gradual  than  its  previous  ascent. 

In  the  septic  form  of  attack  the  temjAeratiu’e,  instead  of  sheAnng  a 
gradual  fall  to  normal  during  the  latter  half  of  the  first  Aveek,  continues 
at  about  the  same  level ; but  the  daily  variations  become  Avider  as  the 
septic  features  of  the  illness  become  more  pronounced.  Subsequently 
the  course  of  the  temperature  Avill  miturally  depend  upon  the  ultimate 
character  of  the  attack.  In  favourable  cases  a gradual  return  to  normal 
usually  commences  at  some  time  during  the  course  of  the  second  Aveek, 
and  defervescence,  even  if  uninterrupted  by  any  definite  complication, 
may  take  another  Aveek  before  it  is  complete.  In  the  toxic  variety  the 
temperature  is  maintained  at  a higher  Ica'cI,  and  is  less  remittent.  It 
usually  averages  about  104°  F.  Most  of  these  cases,  hcAAmver,  die  Avithout 
any  abatement  of  pyrexia  before  the  end  of  the  first  Aveek.  Indeed,  the 
temperature  may  I'egister  106°  or  more  at  the  time  of  death. 

It  may  be  definitely  stated  that  anything  approaching  a true  tem- 
perature crisis  in  scarlet  fever  is  an  event  of  the  greatest  I’ai’ity. 

Pulse  and  Bespiration. — The  onl)'  featru’C  of  the  scarlatinal  pulse 
Avliich  is  cleserA'ing  of  mention  is  an  undue  I'apidity,  usually  seen 
during  the  first  tAventy-four  or  thirty-six  hours  of  the  attack.  This 
is  best  mai’ked  in  those  toxic  cases  Avhich  are  attended  AAUth  persistent 
vomiting  and  hyperpyrexia ; but  even  in  simple  scarlet  fcA’er  the 
pulse  of  a child  of  five  years  old  may  register  nearly  160  per  minute  at 
the  commencement,  although  the  temperature  may  not  be  higher  than 
103°  F.  After  the  second  day  this  character  is  usually  lost.  The  arterial 
pressure  is  high,  and  the  vessel  more  often  feels  small  than  the  reA'erse. 
Dui’ing  conA'alescence  an  unusually  sIoav  pidse  is  occasionally  observed  in 
adults. 
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The  frcciuency  of  the  i-esjjiriition  seems  to  vary  more  with  the  height 
of  the  temperature  than  the  rapidity  of  the  pulse,  and  the  exjjired  air  is 
highly  charged  with  carbonic  acid. 

Fauces. — The  typical  scarlatinal  throat  is  represented  by  a vivid  red 
injection  of  the  mucous  membrane  of  the  fauces,  palate,  and  uvula, 
attended  with  some  degree  of  inflammatory  oedema,  and  more  or  less 
swelling  of  the  tonsils.  The  degree  to  which  the  tonsillar  swelling 
may  attain  is  dependent  upon  the  severity  of  a parenchymatous 
tonsillitis  associated  Avith  the  scarlatinal  process ; and  its  amount  may  be 
regarded,  in  a sense,  as  more  or  less  of  an  accident.  There  is  reall}' 
nothing  in  its  appearance  to  distinguish  a scarlatinal  throat,  in  mild 
cases,  from  a simple  tonsillitis  or  faucial  catarrh.  The  mucous  membrane 
often  presents  an  angry  red  appearance  with  a tendency  to  become  dry 
and  sticky. 

In  certain  cases,  especially  those  in  which  the  inflammation  is  very 
acute,  the  sitrface  of  the  tonsils  may  be  coated  with  a pellicular  for- 
mation, occiu-ring  either  in  patches  or  in  a continuous  layer.  In  rare 
instances  the  exudation  may  extend  beyond  the  limits  of  the  tonsils,  and 
even  encroach  on  the  palate  or  side  of  the  uvula.  This  must  not  be 
taken  as  evidence  of  co-existent  diphtheria.  In  some  cases  it  is  obviously 
a thin  exudation  lying  upon  the  sui’face  of  the  tonsils ; in  which  case  it 
soon  separates  or  becomes  disintegi-ated,  giving  rise  to  a very  superficial 
ulceration  which  rapidly  heals.  In  others,  instead  of  being  raised  above 
the  surface,  it  is  somewhat  depressed,  and  represents  a surface-necrosis 
of  the  tonsil,  which  separates  later  as  a distinct  slough. 

In  the  septic  form  of  attack  the  characteristic  ulceration  of  the 
tonsils  may^  originate  in  like  manner ; on  the  other  hand,  the  process 
may  begin  as  an  ulcer,  which,  by  its  extension  in  all  directions,  leads 
to  such  widespread  destruction  of  tissue  that  the  mechanism  of  the 
parts  is  greatly  interfered  with.  In  exceptional  cases  a jDerforation  of  the 
palate  occurs  at  a point  just  above  the  insertion  of  the  anterior  faucial 
pillar.  The  perforation  is  usually  unilateral,  but  both  sides  maj"  be 
affected.  At  a late  stage  of  such  an  attack,  any  attempt  to  swallow 
residts  in  regurgitation  of  fluid  through  the  nostrils,  and  the  entrance  of 
food  and  offensive  secretions  into  the  laryngeal  orifice.  This  not  only 
leads  to  constant  distress,  but  undoubtedly  tends  to  rapid  development  of 
septic  bronchitis  and  bronchopneumonia. 

The  offensive  muco-purnlent  rhinorrhcea,  so  constantly  present  in 
septic  attacks,  is  dependent  upon  ulceration  affecting  the  naso-pharynx, 
whence,  in  consequence  of  the  swollen  condition  of  the  tonsils,  the 
discharge  finds  a more  ready  escape  through  the  anterior  nares.  Should 
the  na.so-pharynx  be  the  seat  of  adenoids,  the  ulceration  is  apt  to  be  very 
intractable,  and  in  perhaps  the  majority  of  cases  in  which  a rhinorrluva 
is  unduly  persistent,  its  continuance  is  dependent  upon  the  presence  of 
adenoids.  These  not  infrequently  slough. 

'IWaf/ne. — Of  all  the  symptoms  in  scarlet  fever  the  tongue  is  pcrha|>s 
the  mr«t  characteristic.  As  in  .simple  tonsillitis,  the  tongue  rapi<lly 
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becomes  coated  with  a thick,  white  creamy  fur  in  consequence  of  an 
active  proliferation  of  its  normal  epithelium.  It  then  cleans  Avith  almost 
equal  rapidity,  and  in  well-developed  attacks  may  become  completely 
denuded  of  its  epithelial  covering  by  the  end  of  the  third  day.  Peeling 
of  the  tongue  begins  at  the  tip  and  edges,  Avhich,  as  early  as  twenty-four 
hours  from  the  appearance  of  the  eruption,  may  shew  up  red  and  raAv- 
looking  in  marked  contrast  to  the  thickly-furred  dorsum.  Occasionally, 
even  at  this  stage,  the  red  tips  of  the  fungiform  papillae  may  be  observed 
peeping  out  through  the  fur  which  thickly  covers  the  dorsum,  and  thus 
give  rise  to  an  appearance  very  similar  to  that  of  an  unripe  strawberry. 
Rapid  separation  of  the  epithelium  then  occurs,  frequently  in  patches. 
The  process  of  denudation,  Avhich  commences  at  the  tip  and  edges, 
extends  centripetally ; and  by  the  third  or  fourth  day  the  tongue  is 
completely  stripped  of  its  epithelium,  the  region  of  the  circumvallate 
papillae  being  the  last  to  clear.  The  tongue  at  this  stage  greatly  re- 
sembles a ripe,  red,  and  succulent  strawberry.  It  may  not  inaptly  be 
compared  to  the  appearance  of  a piece  of  raw  beef,  especially  if  the 
surface  become  someAvhat  dry  and  glazed,  which  it  frequently  does  Avhen 
the  patient  has  been  asleep.  Its  strawberry-like  appearance  is  greatly 
enhanced  by  the  relatiA'^e  prominence  of  the  fungiform  papillaj.  It 
must  be  remembered  that  the  completeness  with  which  the  tongue  peels 
is  proportionate  to  the  degree  of  inflammatory  injection  of  the  faucial 
and  buccal  mucous  membrane.  In  cases  which  are  characterised  by 
very  mild  thi-oat  symptoms  one  does  not  expect  to  find  so  t3qucal  a 
development  of  the  strawberry  tongue.  The  value  of  the  tongue  as  a 
diagnostic  sign  will  be  obvious  when  it  is  stated  that  no  other  form  of 
sore  throat  whatever,  but  that  due  to  scarlet  fever,  is  attended  with  a 
clean,  much  less  with  a raw-looking  tongue.  Towards  the  end  of  the 
Aveek  the  normal  epithelial  coat  again  begins  to  be  restored,  and,  con- 
sequently, the  tongue  at  this  stage  usually  presents  a somewhat  silvery 
appearance. 

In  septic  attacks  the  tongue  during  the  second  Aveek  again  becomes 
coated,  but  not  Avith  the  Avhite,  creamj'^  fur  so  characteristic  of  the  earlier 
stage.  In  severe  attacks  the  organ  not  infrequently  becomes  affected 
Avith  an  aphthous-looking  ulceration,  Avhich  may  also  involve  the  gums 
and  buccal  surfaces  of  the  cheeks  and  the  lips ; in  this  case  it  is  not 
uncommon  for  the  angles  of  the  mouth  to  become  sore  and  fissured. 

In  occasional  instances  the  peeling  of  the  tongue  remains  limited  to 
the  tip,  the  edges,  and  a longitudinal  strip  down  the  centre  which  often 
presents  a somewhat  ragged  appearance.  Gresswell,  under  the  names 
“triareal”  and  “pentareal,”  has  described  certain  peculiarities  of  the 
tongue  Avhich  he  met  Avith  in  some  cases.  They  ai’e  certainly  ex- 
ceptional, and,  moreover,  their  relation  Avith  scarlet  fever  is  at  least 
doubtful. 

Glands. — Some  degree  of  enlargement  of  the  glands  lying  beneath  the 
ramus  of  the  loAver  jaAv  probably  occurs  in  all  cases  of  scarlet  fever 
Avhich  are  attended  with  definite  faucial  inflammation.  In  most  cases  a 
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ilistiact  fulness  may  be  observed,  accompuiiiecl  by  more  or  less  tenderness 
on  pressure.  The  pain  experienced  on  swallowing  is  mainly  dependent 
upon  the  pressure  which  is  exerted  upon  these  glands  by  the  muscles 
during  the  act  of  deglutition. 

In  septic  cases  the  glandular  eidargement  is  considerable,  and  the 
tenderness  may  be  acute.  Suppuration,  moreover,  is  not  infrequent.  In 
very  severe  cases  the  adenitis  is  often  associated  with  a low  form  of 
periadenitis,  and  the  infiltration  of  the  cellular  tissue  may  increase  to 
such  an  extent  that  the  neck  becomes  encircled  by  a collar  of  inflamed 
tissue,  giving  rise  to  the  appearance  known  as  “ bull-neck.”  The  swelling 
becomes  red  and  brawny,  and  small  foci  of  suppuration  usually  occur  in 
its  substance.  If  it  be  incised,  the  feeling  to  the  knife  is  like  that  of 
cutting  through  hard  bacon-rind  \ and  a thin,  blood-stained  serum 
exudes  which  has  strongly  irritent  properties.  Occasionally  portions  of 
the  skin  break  down,  and  sloughing  of  the  subjacent  cellular  tissue  may 
occiu  to  such  an  extent  that  the  deeper  structures  of  the  neck  become 
exposed  to  view.  Such  patients  usually  die  about  the  end  of  the  second 
week,  or  a few  days  later ; and  I have  more  than  once  seen  a fatal 
hsemon-hage  occur  in  consequence  of  the  wall  of  a vein  becoming  in- 
volved in  the  slough.  Hsemorrhage  from  the  perforation  of  an  artery  is 
excessively  rare.  An  abscess  not  infrequently  forms  in  one  or  more  of 
the  glands  lying  deep  under  the  sterno-mastoid  j in  this  case  the  sup- 
puration is  attended  with  considerable  local  swelling,  and  the  constitutional 
svmptoms  are  aggravated. 

Nervous  System. — In  simple  scarlet  fever  a variable  amount  of  mental 
obscuration  with  a tendency  to  wander  at  night  time  is  not  uncommon. 
These  signs  are  usually  associated  with  a high  temperature,  and  commonly 
appear  on  the  third  or  fourth  evening  when  the  fever  is  at  its  height.  It 
should  be  remarked,  however,  that  the  headache,  pains,  and  vomiting 
which  mark  the  early  stage  are  also  evidences  of  an  affection  of  the 
nervous  centres.  In  severe  attacks  the  involvement  of  the  nervous 
system  is  much  more  pronounced.  In  young  children  the  attack  may  be 
ushered  in  with  a convulsion;  but  though  severe  chills  are  sometimes 
complained  of,  a distinct  rigor  is  decidedly  rare.  If  the  temperature  be 
much  elevated,  delirium  may  appear  as  early  as  the  second  night  of  the 
attack,  with  a tendency  to  become  continuous  during  the  latter  half  of 
the  week  ; in  adults  in  these  circumstances  it  may  be  of  a violent  character 
and  necessitate  some  form  of  restraint. 

During  the  course  of  the  second  week,  as  the  strength  fails,  the 
delirium  tends  to  become  more  of  the  muttering  type.  Muscular  tremor, 
subsultus,  and  loss  of  control  over  the  evacuations  appear  in  bad 
cases.  Towards  the  end  the  signs  of  cerebral  exhaustion  gi-adually 
merge  into  fatal  coma,  death  being  not  infrequently  attended  or 
preceded  by  a rise  of  temperature  which  probably  results  from  excessive 
disturbance  of  the  heat  centres.  Delirium  in  young  children  is  a])t  to 
be  overlooked,  as  they  are  less  accustomed  to  give  expression  to  ideas. 
In  them  a blunted  receptive  faculty,  coupled  with  restlessness  and  a 
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tendency  to  purposeless  movements,  may  be  the  only  signs  of  mental 
impairment. 

In  cases  of  the  toxic  variety  the  initial  signs  are  usually  very  severe,  and 
the  vomiting  may  persist  throughout.  Muscular  tremor  is  rarely  absent, 
but  in  some  cases  a tendency  to  tonic  spasm  is  indicated  by  some  retrac- 
tion of  the  head  and  the  presence  of  more  or  less  trismus.  In  others,  an 
attack  of  general  convulsions  supervenes  at  a late  stage,  which  irsually 
terminates  fatally.  Though  dull  and  confused  in  mind,  if  not  actually 
delirious,  the  patient  is  apt  to  be  intensely  restless  and  to  resent  inter- 
ference of  any  kind.  The  excreta  are  passed  involuntarily,  and  the 
mental  stupor  soon  passes  into  final  coma.  This  form  of  attack,  which 
in  many  points  is  very  suggestive  of  typhus,  is  sometimes  kno-wn  by  the 
name  of  “ Ataxic  scarlatina  ” in  consequence  of  the  profoimd  affection  of 
the  nerve-centres.  Temperatures  of  112°F.  and  more  have  been  recorded 
in  exceptional  instances ; they  are  almost  invariably  fatal,  and  such  a case 
is  difficult  to  manage,  as  the  patient  resents  both  feeding  and  treatment. 

The  urine  during  the  pyrexial  stage  presents  the  usual  febrile  char- 
acters. It  is  scanty,  high-coloured,  unduly  acid,  and  contains,  in  propor- 
tion to  its  bulk,  an  excess  of  the  normal  solids.  The  chlorides,  however, 
are  diminished,  if  not  entirely  absent.  During  the  first  few  days  the 
amount  of  urea  passed  will  be  found  to  vary  directly  vnth  the  degi’ee  of 
pyrexia,  a temperature  of  103°  F.  being  sometimes  associated  with  the 
passage  of  urine  containing  as  much  as  4 per  cent  of  urea.  About 
the  time,  however,  when  the  rash  has  reached  its  full  development, 
usually  the  third  or  fourth  day,  this  relation  between  the  height  of  the 
temperature  and  the  amount  of  urea  commonly  disappears.  The  urea 
then  frequently  shews  a sudden  drop  to  even  less  than  2 per  cent, 
although  the  temperature  maj^  remain  at  the  same  height.  In  some 
cases,  after  the  lapse  of  a few  days,  the  amount  of  urea  will  again  shew 
a temporary  rise,  although  the  temperature  may  have  progressively 
decreased.  During  the  height  of  the  fever,  the  urine,  as  in  other  febrile 
disorders,  not  infrequently  contains  a trace  of  albumin,  which  quickly 
disappears  as  the  temperature  falls. 

The  sudden  appearance  of  urine  rendered  smoky  by  the  presence  of 
blood  is  due  to  definite  nephritis.  Such,  too,  is  the  case  if  the  urine 
be  found  to  contain  a progressively  increasing  quantity  of  albumin, 
even  though  unattended  with  ha3maturia.  In  these  cases  it  is  usually 
passed  in  somewhat  diminished  quantity  at  first,  and  contains  a lessened 
amount  of  urea.  At  a later  stage,  however,  more  or  less  diuresis  super- 
venes, and  the  daily  loss  of  albumin  is  increased,  although  the  total 
amount  of  urea  excreted  may  still  remain  below  the  normal.  The  faint 
and  transient  clouds  of  albumin  which  frequently  occur  during  the  con- 
valescent stage  of  scarlet  fever  have  been  the  subject  of  considerable 
difference  of  opinion.  Tliese  evanescent  traces  are  certainly  very 
common,  occurring  possibly  in  as  many  as  20  or  30  per  cent  of  all  cases. 
Whatever  view  may  be  taken  of  their  pathologjq  they  are  apparently 
devoid  of  any  prognostic  significance. 
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With  the  onset  of  convalescence  the  nrine  gi’adnally  loses  its  febrile 
characters,  and  is  excreted  in  greater  quantity.  It  is  pale  and  limpid 
when  passed,  but  a nebulous  deposit  of  mucus  and  phosj^hates  usually 
forms  at  the  bottom  of  the  vessel  on  standing.  The  daily  output  of 
urea  rapidly  diminishes,  attended  with  a corresponding  fall  in  the  specific 
gnvvity.  The  chlorides  reappear  at  an  early  date,  usually  before  the 
temperature  has  fallen  to  normal. 

A slight  degree  of  albumosuria  is  not  very  uncommon  in  scarlet  fever, 
and  should  be  remembered  when  testing  for  the  presence  of  albumin. 

A toxic  body  has  been  extracted  from  scarlatinal  urine  which,  like 
that  found  in  the  irrine  of  enteric  fever,  can  only  be  regarded  as  a 
derivative. 

The  bowels  are  usually  coiifined  during  the  febrile  stage,  and  may 
remain  so  as  long  as  the  patient  is  in  bed ; but  diarrhoea  is  frequently 
an  early  symptom  in  sharp  attacks.  Diarrhoea,  too,  often  appears 
towards  the  close  of  a septic  case,  and  the  stools  then  become  exceeding 
offensive. 

Skin. — In  most  cases  which  have  been  attended  with  a well-developed 
eruption  the  skin  remains  dry  throughout,  but  in  a certain  proportion  an 
imperfect  diaphoresis  occurs,  leading  to  the  formation  of  copious  miliaria. 
Excessive  perspiration  often  comes  on  after  peeling  is  completed.  It  is 
best  marked  on  the  hands  and  feet,  which  frequently  become  bathed  in 
sweat,  both  during  sleep  and  under  the  stimulus  of  the  slightest  mental 
excitement.  In  adults  this  tendency  may  last  for  several  weeks  after 
desquamation  is  completed. 

F.  F.  C. 

Hsematology. — The  Erythrocytes. — From  a systematic  examination  of 
the  blood  in  scarlet  fever  patients  Hayem,  in  1884,  foimd  that  after 
defervescence  there  was  a decrease  in  the  number  of  red  cells  by  about 

1.000. 000  per  c.mm.  Kotschetkoff  observed  that  a reduction  of  the  red 
cells  amounting  to  2,000,000  per,  c.mm.  or  more  occurred  in  nearly  all 
cases.  On  the  other  hand,  Zappert’s  observations  did  not  shew  such  a 
definite  oligocythsemia,  for  in  only  one  of  six  cases  was  the  count  below 

4.000. 000  per  c.mm.  ; other  authors  appear  to  have  arrived  at  similar 
results. 

The  Leucocytes. — Kotschetkoff  classified  the  leucocytosis  of  scai-let  fever 
into  three  gj-oups  : — («)  Mild  cases,  10-20,000  white  cells  per  c.mm.  ; (b) 
Moderately  severe  cases,  20-30,000 ; (c)  Very  severe  and  usually  fatal 
case.s,  30-40,000.  The  leucocytosis  is  said  to  arise  one  to  two  days 
before  the  appearance  of  the  rash,  and  to  reach  its  height  with  the  full 
development  of  the  eruption.  The  polymoi-phonuclear  neutrophils  are 
also  said  to  be  increased  both  relatively  and  absolutely  in  all  cases.  lb\ 
Tk>wie,  in  1902,  publi.shcd  his  observations  on  the  blood  in  167  cases  of 
scarlet  fever.  lie  considers  that  the  early  eosinophilia  which  he  has 
found  might  prove  of  value  in  the  diagnosis  of  the  disease  from  tonsillitis 
and  septic  conditions  gencrall)'.  He  also  states  that  if  the  number  of 
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eosinophils  be  normal  or  subnormal  after  the  first  day  or  two  of  the  dis- 
ease, the  case  will  in  all  probability  be  a severe  one. 

In  conjunction  udth  Dr.  R.  C.  Jewesbury,  I recently  estimated  the 
number  of  leucocytes  per  c.mm.  of  blood  in  51  cases  of  scarlet  fever.  We 
also  made  a differential  count  of  500  white  cells,  and  in  each  instance 
examined  the  blood  for  the  glycogenic  reaction.  In  one  case  we  esti- 
mated the  coagulation-time  of  the  blood.  The  cases  were  all  selected 
and  classified  from  a clinical  point  of  view  by  Dr.  Caiger.  Of  these  51 
cases,  44  were  simple,  6 were  sejrtic,  and  1 was  toxic  in  character.  Of 
the  simple  cases,  31  were  mild,  5 were  mild  but  also  suffered  from  an 
inffammatory  complication,  4 were  fairly  sharp,  and  4 were  somewhat 
severe. 

One  of  the  most  striking  features  of  the  blood  in  scarlet  fever  is  the 
apjjearance  of  the  fresh  blood.  The  appearance ' of  a drop  of  blood  at 
once  indicates  the  nature  of  the  attack.  In  the  more  severe,  especially 
in  the  toxic  and  septic  forms  of  the  disease,  the  blood  flows  readily  from 
the  puncture,  and  appears  to  be  more  fluid  than  normal ; it  spreads 
on  a cover -slip  with  extreme  rapidity,  and  coagulates  very  slowly. 
The  more  severe  the  nature  of  the  illness,  the  more  marked  are  these 
phenomena  likely  to  be.  Similar  results  are  obtained  in  ordinary 
severe  inflammatory  affections,  but  they  are  especially  striking  in  scarlet 
fever. 

Taking  6000  per  c.mm.  as  the  normal  leucocyte  count,  a Icucocytosis 
occurred  in  every  instance  but  one.  In  eleven  cases  the  total  exceeded 
20,000,  so  that  a well-marked  leucocytosis  was  found  in  just  over  one-fifth 
of  the  cases.  In  nine  of  these  examples  the  illness  was  of  the  mild  D^pe. 
This  agrees  with  the  rule  that  the  leucocyte  count  is  no  guide  either  as  to 
the  nature  of  the  infection,  or  as  to  whether  the  lesion  is  inflammatory  or 
suppurative.  In  only  one  of  the  cases  with  a count  of  over  20,000  was 
the  attack  septic. 

The  Polymorphonuclear  Neutrophils.- — Taking  the  normal  relative  number 
of  these  cells  in  human  blood  as  65  per  cent,  there  was  a relative  excess 
in  42  cases,  while  an  absolute  increase  was  constant  throughout  our 
series.  The  greatest  relative  gain  (over  80  per  cent)  occurred  in  thirteen 
instances.  Of  these  no  less  than  eight  belonged  to  the  mild  variety  of 
scarlet  fever,  and  there  was  only  one  example  of  a septic  case  with  a 
marked  polymorphonuclear  increase.  Whether  this  was  because  the 
septic  cases  were  treated  with  animal  serums  we  are  unable  to  state. 

The  Polymoiphonuclear  Eosinophils. — One  of  the  most  constant  pheno- 
mena in  suppurative  and  inflammatory  infections  is  a relative  diminution, 
and  in  some  instances  an  absence,  of  this  variety  of  leucocyte  from  tlie  peri- 
pheral blood.  In  scarlet  fever,  however,  the  count  of  these  cells  is  fre- 
cpiently  considerably  increased  both  relatively  and  absolutely.  It  is  quite 
certain  that  we  cannot  obtain  any  absolutely  reliable  information  as  to  the 
nature  of  the  attack  by  determining  the  number  of  eosinophils  in  the  peri- 
pheral blood.  An  absolute  and  relative  (over  2 per  cent)  eosinophilia  was 
found  in  the  majority  of  the  cases.  In  sixteen  instances  we  obbiined  a 
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relative  increase  of  over  4 per  cent,  and  in  two  cases  it  amounted  to  over 
10  per  cent.  In  sixteen  instances  the  relative  number  fell  below  2 per 
cent,  but  in  some  of  these  examples  there  was  an  absolute  excess.  In 
the  toxic  case,  in  one  severe  case,  and  in  one  mild  attack  no  eosinophils 
were  found  in  the  peripheral  blood.  In  two  of  the  septic  cases,  however, 
a marked  increase,  both  relative  and  absolute,  was  present. 

The,  Xeuirophil  Myelocytes. — In  all  specifie  fevers  these  cells  may  be 
found  in  the  peripheral  blood ; in  sotae  instances  in  very  large  numbers. 
The  variety  of  neutrophil  myelocyte  is  practically  ahvays  the  cell  named ' 
after  Ehrlich.  In  seventeen  of  our  cases  a very  small  number  of  tliese 
cells  was  found  to  be  present ; the  highest  count  only  amounted  to  2 per 
cent.  The  presence  of  the  “ myelocyte  ” was.  of  no  assistance  in  helping 
to  form  an  opinion  as  to  the  severity  of  the  illness. 

Blood-Platelets. — An  increase  of  the  blood-platelets  was  seen  in  nearly 
every  case,  sometimes  to  an  excessive  degree. 

Abnormal  red  cells,  such  as  “ ghosts,”  and  nucleated  red  cells  (normo- 
blasts) were  recorded  in  a few  instances. 

To  summarise  our  results  with  the  glycogenic  reaction  in  51  cases 
of  scarlet  fever,  the  best  reaction  usually  occui’s  in  the  early  cases, 
whether  simple  or  otherwise ; the  septic  cases  may,  or  may  not,  shew  a 
good  reaction ; some  of  the  severe  cases  certainly  do  give  an  excellent 
reaction,  but  the  reaction  is  not  constant,  and  consequently  this  method 
does  not  afford  reliable  information  as  to  the  type  of  the  attack.  In 
clinical  medicine  it  is  of  little  value,  but  from  a scientific  aspect  it  is  of 
undoubted  interest.  In  scarlet  fever,  as  in  all  other  acute  or  chronic 
infections,  the  glycogenic  reaction  is  valueless  as  a means  of  diagnosing 
suppuration. 

In  conclusion,  an  examination  of  the  blood  in  scarlet  fever  is  of 
little  help  in  forming  an  opinion  either  as  to  the  nature  of  the  attack  or 
of  the  ultimate  fate  of  the  case,  with  one  possible  exception,  viz.  the 
coagulation-time  of  the  blood.  Even  this  observation  would  be  of  little 
additional  help  to  a physician  Avith  a wide  clinical  experience  of  scarlet 
fever. 

L.  S.  1). 

Aberrant  Cases. — There  is  considerable  difficulty  in  the  diagnosis 
of  many  cases  of  scarlet  fever  by  reason  of  an  unusual  mildness  of  the 
attack.  The  symptoms  may  be  there,  but  yet  are  so  ill -defined  and 
transient  as  readily  to  escape  observation.  For  their  recognition  an 
intimate  acquaintance  Avith  the  phenomena  of  the  disease  is  essential, 
and  also  the  opportunity  of  observing  them  at  the  right  moment. 
Such  attacks  are  most  common  in  infants,  and  in  adults  Avho  at  some 
time  previously  have  suffered  from  scarlet  fever.  Family  idiosyncrasy, 
too,  in  respect  to  mildne.ss  of  attack,  is  as  Avell  established  as  it  is  in  the 
direction  of  scA-erity.  In  some  undoubted  attacks  the  Avhole  duration 
of  the  febrile  stage  may  not  last  more  than  three  days  ; occasionally  it  is 
CA'cn  less.  Though  capable  of  imi)arting  the  contagion,  the  patient  is 
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probably  infectious  to  a much  less  extent  than  if  the  subject  of  a well- 
developed  attack. 

Excessive  mildness  is  characteristic  of  those  cases  known  as  “ Surgical 
Scarlet  Fever,”  which  so  often  arise  in  the  wards  of  a hospital.  That 
the  type  of  attack  should  be  so  uniformly  mild,  is  very  possibly  due  to 
the  fact  that  the  patient,  in  virtue  of  a previous  operation,  wound,  burn, 
or  other  breach  of  surface,  or  even  that  indefinite  conjunction  of  ward 
influences  known  as  “ Hospitalism,^’  is  thereby  rendered  so  susceptilde 
that  he  reacts  to  a minimum  dose  of  the  contagion — a dose  which, 
either-  by  reason  of  its  excessive  smallness  or  its  feeble  virulence,  might 
be  quite  inoperative  in  normal  health.  The  term  “ Surgical  Scarlet 
Fever”  is  somewhat  misleading;  the  same  mildness  is  frequently  found 
to  characterise  the  disease  when  it  arises  in  the  subjects  of  various 
medical  ailments. 

Again,  certain  cases  of  scarlet  fever  are  aberrant  by  reason  of  the 
more  or  less  complete  absence  of  one  or  other  of  the  symptoms  of  the  disease. 
Thus  the  form  of  attack  which  sometimes  affects  nurses  and  other's 
irr  frequent  contact  with  the  disease  may  be  cited  in  point.  Such  attacks 
ar'e  known  by  the  name  of  “ Abortive  Scarlet  Fever,”  or  “ Scar'la- 
tirra  sitre  eruptione.”  As  their  name  implies,  they  are  marked  by  an 
absence  of  any  eruption — sore  throat,  attended  with  fever  of  short  dura- 
tion and  slight  degree,  being  the  only  obvious  symptoms.  Irr  other  cases 
the  erujition  may  be  visible,  but  the  faucial  affection  practically  abserrt, 
and  the  torrgue  shew  no  sign  of  peeling  whatever.  This  form  of  attack 
is  most  common  in  adults,  irr  whom,  too,  the  early  rapidity  of  pitlse 
is  freqirently  wanting.  In  cases  of  the  for'egoing  kind  the  later  appear- 
ance of  one  of  the  recognised  complications,  especially  mild  articular- 
rheumatism  towards  the  end  of  the  week  (see  p.  loS),  may  assist  in 
confirming  a diagnosis  otherwise  doubtful. 

An  attack  of  scarlet  fever  may  be  aberrarrt  by  reason  of  its  distiIrcti^•e 
characters  being  masked  by  the  presence  of  another  exanthem,  (see  p.  864). 
T’hus,  the  eruption  of  scarlet  fever  may  be  bletrded  with  that  of  chickerr- 
pox  or  measles,  and  iit  several  irrstances  I have  seen  the  rashes  of  all 
three  mingled  in  the  same  individual.  Although  the  large  majority  of 
faucial  exudations  met  with  during  the  acute  stage  of  scarlet  fever  are 
not  diphtheritic,  it  is  well  to  remember  that  the  two  diseases  are 
occasionally  co-existent;  in  such  a case  the  special  features  of  diphtheria 
are  superadded  to  those  of  scarlet  fever,  and  the  combination  is  usually 
very  dangerous. 

^\^hen  scarlet  fever  arises  in  a person  who  is  at  the  time  sulfering 
from  eczema  or  psoriasis,  the  appearance  of  the  eruption  may  be  very 
misleading.  Irregular  red  patches  of  inflamed  skin  are  presented  on 
various  parts  of  the  body,  which  occasionally  bear  some  resemblance  to 
the  rash  of  measles ; but  the  raised  patches  are  usually  harsh  and  scaly, 
instead  of  yielding  the  soft  velvety  feel  so  characteristic  of  that  disease. 
The  subsequent  peeling  is  excessive,  and  appears  very  early  in  the  attack. 
Scarlet  fever,  arising  in  a strumous  child  who  is  suflering  from  con- 
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juiictivitis,  may,  at  an  early  stage,  bo  very  suggestive  of  the  onset  of 
measles,  especially  if  the  rash  present  the  morbilliform  conf»rmation  seen 
in  certain  cases  which  are  characteristic  in  other  respects. 

Puerperal  scarlet  fever,  that  is  scarlet  fever  arising  immediately  before 
or  after  confinement,  is  a conjunction  which  my  experience  leads  me  to 
\ iew  Avith  the  gi’eatest  anxiety,  although  I have  noted  Avith  surprise  that 
some  physicians  of  experience  regard  it  Avithout  much  apprehension.  It 
Avould  seem  that  the  danger  to  life  enormously  increases  Avith  the  prox- 
imity to  the  time  of  delivery  at  Avhich  the  symptoms  of  the  disease 
appear.  In  my  OAvn  experience  of  cases  in  Avhich  the  rash  appeared 
within  four  days  of  parturition  the  mortality  has  been  over  7 0 per  cent ; 
and  it  should  be  remembered  that  the  onset  of  labour  may  be  one  of  the 
invasion-symptoms  of  the  disease  itself.  This,  hoAvever,  but  rarely  occurs 
unless  the  Avoman  has  almost  completed  her  full  term.  In  jAuerperal 
scarlatina  it  is  not  that  the  strictly  scarlatinal  symptoms  sheAv  an  undue 
severity,  but  during  the  few  days  folloAving  delivery,  in  spite  of  the  most 
rigid  antiseptic  precautions,  there  is  a great  tendency  to  the  gradiial 
development  of  puerperal  septicjemia.  The  rash  in  such  cases  is  usually 
A'ery  intense,  and  the  temperature  remains  persistently  high.  The 
sapr*mic  condition  may  lead  to  the  development  of  coma,  and  the 
gradual  failure  of  the  heart’s  action  Avithout  the  intervention  of  peritonitis 
or  other  localised  inflammation  of  a septic  character.  Such,  at  any  rate, 
has  been  my  experience  in  cases  of  undoubted  scarlet  fever  occurring  in 
conjunction  AAuth  the  early  puex'peral  state. 

Differential  Diagnosis. — If  attention  be  paid  to  the  symptoms 
alreadj^  described,  a well-developed  case  of  scarlet  fever  can  hardly  be 
mistaken  for  any  other  disease.  In  mild  and  ill-defined  attacks,  hoAA^- 
ever,  considerable  difficulty  may  be  presented  by  reason  of  their  negative 
aspect.  The  diseases  Avith  Avhich  scarlet  fever  may  most  readily  be 
confounded  are  tonsillitis,  diphtheria,  measles,  German  measles,  and 
early  smallpox ; besides  various  other  affections  Avhich  may  give  rise  to 
difficidty  in  exceptional  instances.  Influenza,  simple  febrile  catarrh, 
erysipelas,  the  diffuse  erythema  Avhich  is  apt  to  folloAv  the  injection 
of  a curative  serum  or  an  enema  of  soap  and  Avater,  esj)ecially  if 
the  erythema  shew  any  trace  of  punctation,  and  even  the  rashes  of 
l>elladonna  and  copaiba,  have  all  of  them  been  mistaken  for  scarlet 
fever. 

From  tonsillitis  the  diagnosis  may  be  very  difficult— in  some  instances 
quite  impossible.  It  should  be  remembered  that  in  tonsillitis  there  is 
usually  an  absence  of  vomiting,  the  skin  appearance,  if  present,  is  repre- 
sented by  a simple  erythema,  limited  usually  to  the  chest  and  neck,  and 
there  is  no  papulation  or  even  punctation.  The  sAvelling  of  the  tonsils  is 
often,  for  a time  at  least,  more  obvious  on  one  side  than  the  other ; and, 
if  other  distinctive  signs  of  scarlet  fever  be  Avanting,  a high  tem[)erature 
may  be  taken  as  evidence  in  favour  of  simple  tonsillitis.  The  tongue 
remains  coated  throughout,  having  a l)asty  ajxpearanco ; and  it  shews  no 
sign  of  peeling  even  at  tlie  tip  and  edges,  'fhe  attack,  moreover,  is 
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rarely  attended  with  rheumatism  of  the  smaller  joints,  nor  is  it  followed 
hy  desquamation. 

Scarlet  fever  attended  with  faucial  exudation  may  be  mistaken  foi- 
true  diphtheria,  especially  as  a redness  of  the  skin  is  occasionally  seen 
in  the  latter  disease.  Here,  however,  as  in  tonsillitis,  it  is  simply  a flush 
devoid  of  any  punctation.  It  is  usually  limited  to  the  chest,  neck,  and 
arms,  and  is  very  transient.  (For  other  points  of  distinction,  see  p.  845.) 

From  German  measles  the  diagnosis  may  be  by  no  means  easy.  In 
this  disease  reliance  should  be  placed  upon  the  slightness  of  the  pyrexia, 
and  the  absence  of  vomiting,  headache,  or  any  peeling  of  the  tongue.  The 
faucial  affection  is  very  slight,  mild  catarrh  is  frequently  present,  and  also 
a tenderness,  often  complained  of  by  the  patient  himself,  of  the  posterior 
cervical  glands,  especially  those  lying  over  the  mastoid  and  occipital 
bones.  Some  enlargement  of  these  glands  is  common  in  scarlet  fever, 
but  usually  to  a less  extent.  In  its  early  stage  the  rash  of  German 
measles  usually  conforms  more  to  the  measles  type,  though  the  spots  are 
commonly  smaller,  moi'e  discrete,  and  pinker.  In  a few  hours,  however, 
it  tends  to  become  more  diffuse,  and  may  then  entirely  lose  its  morbilli- 
form characters.  The  spots,  moreover,  are  frequently  seen  upon  the  face 
and  forehead,  and  even  the  circumoral  region  may  be  invaded.  Slight 
desquamation  of  the  trunk  and  limbs  may  follow,  but  the  peeling  never 
shews  the  pinhole  conformation. 

It  has  long  been  recognised  by  those  who  have  devoted  attention  to 
the  study  of  the  exanthemata  that  many  cases  of  what  is  generally 
regarded  as  German  measles  bear  a close  clinical  resemblance  to  mild 
scarlet  fever,  so  much  so,  that  it  is  customary  to  recognise  the  existence 
of  a “ scarlatinal  variety  ” of  that  disease.  It  is  contended  by  Dr.  Clement 
1 )ukes  that  the  usually  accepted  opinion  as  to  the  nature  of  these  attacks 
is  erroneous,  and  that  they  are  instances  of  a disease  specificall}'  and 
etiologically  distinct  both  from  German  measles,  with  which  it  is  not 
infrequently  prevalent,  and  from  scarlet  fever,  which  it  eA'en  more 
closely  resembles.  Dr.  Dukes  is  of  opinion  that  outbreaks  of  what  he 
has  provisionally  termed  “ the  foit/i’th  disease  ” are  by  no  means  uncommon, 
and  that  the  reason  Avhy  the  affection  is  not  more  generally  recognised  is 
that  it  is  usually  mistaken  for  scarlet  fever.  He  admits  that  it  is 
frequently  quite  impracticable  to  identify  the  disease  in  isolated  cases, 
but  holds  that  in  a series  of  attacks  the  diagnosis  should  be  conclusive. 

The  chief  clinical  distinctions  on  which  Dr.  Dukes  lays  stress  in  the 
differentiation  of  “ fourth  disease  ” from  scarlet  fever  Avould  appear  to  be 
the  following ; The  length  of  incubation,  which  has  a probable  range  of 
from  nine  to  twenty-one  days.  The  relative,  or  even  complete,  absence 
of  premonitory  symptoms,  the  rash  being  often  the  first  sign  of  illness. 
The  slight  degree  of  faucial  inflammation  and  discomfort,  inspection 
revealing  little  more  than  redness,  with  slight  swelling,  and  a velvet)' 
appearance  of  the  surface.  The  more  rapid  development  of  the  rash, 
which,  though  closely  simulating  that  of  scarlet  fever,  is  said  to  yield 
very  much  less  sensation  of  heat  to  the  touch.  The  amount  of  desquama- 
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tiou,  though  liable  to  bo  as  complete  and  copious  as  in  any  case  (.if 
scarlet  fever,  bears  no  relation  to  the  intonsit}'  of  the  rash,  and  the 
cuticle  tends  to  separate  in  small  scales,  rather  than  in  flakes  or  sheets. 
The  tongue  does  not  become  coated  with  a thick  white  fur,  and  never 
assumes  the  typical  stratvberry  character.  There  is  not  any  special 
involvement  of  the  lymphatic  glands  of  the  throat  and  neck  as  the  result 
of  faucial  inflammation ; the  lymphatic  glands  universally  are  somewhat 
enlarged,  hard,  and  tender,  those  in  the  posterior  cervical,  axillary,  and 
inguinal  regions  being  mainly  aftected.  The  pulse  is  not  unduly  accelerated 
in  proportion  to  the  degree  of  pj'rexia,  and  the  temperature  tends  to  run 
at  a lower  level,  and  more  speedily  reach  the  normal.  The  sensation  of 
illness,  if  apparent  at  all,  is  usually  very  slight ; the  symptoms,  even  in 
the  more  severe  attacks,  pass  off  in  a few  days,  leaving  comparatively 
little  malaise  behind.  There  is  no  liability  to  nephritis  or  other  complica- 
tion having  a recognised  association  with  scarlet  fever.  Further,  it  is 
stated  by  Dr.  Dukes  that,  in  the  cases  he  describes  as  the  “ fourth  disease,” 
the  patient  ceases  to  be  infectious  at  the  end  of  fourteen  to  twent3^-one 
daj’s  when  disinfection  has  been  carried  out  thoroughly,  and  that  the 
attack  confers  no  protection  against  scarlet  fever. 

Whether,  on  the  evidence  he  has  adduced,  we  are  justified  in  accept- 
ing Dr.  Dukes’  contention  that  there  exists  a fourth  disease,  distinct 
alike  from  German  measles  and  from  scarlet  fever,  is,  however,  a question 
on  which  medical  oinnion  is  at  present  undecided. 

At  an  early  stage  scarlet  fever  may  be  confounded  with  measles, 
especially  if  there  be  much  conjunctival  injection,  and  the  rash  be  at  all 
blotchy,  or  shew  a tendency  to  aggregation  of  its  papular  constituents. 
In  this  case  irregular  tracts  of  raised  and  injected  skin  ma}?^  be  presented. 
In  measles  a definite  history  of  two  or  three  days’  previous  illness,  with 
cough,  sneezing,  and  lacrimation,  can  usually  be  obtained,  but  vomiting 
is  usually  absent.  The  course  of  the  temperature  varies  in  the  two 
diseases  ; that  of  measles  usually  falls  suddenly  within  forty-eight  hours  of 
the  appearance  of  the  eruption,  instead  of  declining  gradually  with  it.  The 
catarrhal  sj’mptoms  are  a prominent  feature  throughout  the  attack  of 
measles,  whereas  the  throat  affection  is  limited  to  an  inflammatory  red- 
ness of  the  faucial  mucous  membrane.  A careful  inspection  of  the  buccal 
surface  in  a good  light  will  usually  reveal  the  presence  of  Koplik’s  spots, 
a sign  which  is  of  the  greatest  value  in  the  early  recognition  of  measles. 
Although  the  tongue  often  cleans  rapidly,  its  peeling  is  rarely  so  com- 
plete as  to  give  it  a strawberiy  appearance ; moreover,  the  rash  usually 
affects  the  face,  and  has  a marked  tendency  to  invade  the  forehead  and 
circumoral  region ; measles  spots,  too,  are  commonly  seen  at  an  early 
date  behind  the  esirs,  and  at  the  margin  of  the  hairy  scalp.  During  the 
coui-se  of  the  second  week  of  a septic  attack  of  scarlet  fever  an  eruption 
of  raised  spots  or  somewhat  larger  blotches  may  appear,  and  give  rise 
to  the  suspicion  of  an  interenrrent  attack  of  measles.  They  are  often 
confined  to  the  cheek.s,  buttocks,  extensor  surface  of  the  larger  joints, 
and  parts  which  are  subjected  to  pressure.  The  points  which  help  to 
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distinguisli  a septic  rash  from  that  of  measles  are  the  following  : The  spots 
are  commonly  more  raised  ; they  are  apt  to  be  of  a somewhat  redder 
tint ; and  they  are  usually  less  persistent  than  is  the  rule  in  that  disease. 
They  frequently  fade  only  to  reappear  in  the  course  of  a few  hours,  and 
can  always  be  made  to  disappear  on  pressure. 

The  initial  erythema  seen  in  certain  cases  of  small-pox  is  liable  to  lie 
mistaken  for  scarlet  fever,  especially  if  generally  diffused  over  the  surface, 
as  it  often  is  in  cases  which  subsequently  become  hiemorrhagic.  In 
most  instances,  however,  the  efflorescence  is  confined  to  the  lower  part  of 
the  abdomen,  groins,  and  axillaj.  Vomiting  is  a common  initial  symptom 
in  both  diseases,  but  a definite  rigor,  though  frequent  in  small-pox,  is 
rarely  seen  in  scarlet  fever.  Severe  pain  in  the  back,  too,  is  very 
suggestive  of  the  former  disease,  but  the  appearance  of  the  true  small- 
pox eruption  on  the  third  day,  and  the  absence  of  peeling  of  the  tongue, 
will  settle  any  previous  doubt. 

The  diagnosis  of  scarlet  fever  in  the  post-febrile  stage  will  mainly 
depend  upon  the  presence  of  characteristic  desquamation,  and  the  advent 
of  some  one  or  more  of  the  recognised  complications  of  the  disease  (see  p. 
451).  It  should  be  remembered  that  the  tongue  may  retain  more  or  less 
of  the  strawberry  character  for  about  a week  after  it  has  fully  peeled  j 
although  it  usually  regains  its  normal  appearance  towards  the  end  of  this 
period.  The  coarse  papulation  on  the  outer  side  of  the  legs  may  remain 
visible  for  several  days  after  all  other  signs  of  the  eruption  have  .dis- 
appeared, and  slight  staining  may  be  observed  on  the  trunk  for  a like 
period  after  a well-developed  eruption  has  faded.  A fulness  or  palpable 
enlargement  of  the  glands  beneath  the  jaw  may  remain  for  several  days 
as  evidence  of  a previous  faucial  inflammation.  The  diagnosis  may  be 
strengtliened  by  ascertaining  the  mode  of  invasion,  and  whether  the 
patient  has  or  has  not  been  recently  exposed  to  the  infection  of  .scarlet 
fever.  Inquiry  also  should  be  made  as  to  the  nature  of  any  outbreak 
which  may  have  been  prevalent  in  the  locality. 

Prognosis. — In  addition  to  any  general  consideration,  such  for  in- 
stance as  the  epidemic  type,  or  the  slight  possible  influence  which  has 
rightly  or  Avrongly  been  ascribed  to  season,  the  case-mortality  is  to  a 
large  extent  dependent  upon  certain  personal  factors,  of  which  the  following 
are  perhaps  the  most  important 

Age. — The  fatality  of  scarlet  fever  is  greatest  in  early  childhood ; it 
shows  a progressive  diminution  from  the  first  year  of  life  until  about  the 
age  of  puberty.  After  this  age  the  death-rate  shews  a slight  and  some- 
what regular  increase  in  relation  to  advancing  years.  By  referring  to 
Table  III.  {vide  p.  429)  it  will  be  seen  that  the  case-mortality  during  the  first 
quinquennium  is  four  times  as  high  as  in  the  second,  and  nearly  ten  times 
as  high  as  in  the  third.  The  slight  rise  which  marks  the  fatality  of  scarlet 
fever  after  the  fifteenth  year  appears  to  be  maintained  through  life, 
though  the  death-rate  does  not  again  .approach  the  mean  until  about  the 
fiftieth  year. 

Sex. — The  influence  of  sex  is  not  very  great.  The  combined  mortality 
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in  niiUes  at  all  ages  is  greater  than  it  is  in  females  by  -5  per  cent — the 
death-rate  of  the  two  sexes  amongst  the  cases  enumerated  in  Table  III. 
being  4 '5  and  4 respectively. 

of  Health. — The  unfavourable  influence  of  the  strumous  or  tuber- 
culous diathesis  is  seen  in  the  tendency  which  is  often  noticed  in  cases  of 
pulmonary  phthisis  for  a fatal  issue  to  bo  hastened  by  an  attack  of  scarlet 
fever,  although  the  disease  may  have  been  previously  latent,  or  at  most 
have  been  pursuing  a chronic  course.  So,  too,  a condition  of  bad  nutrition, 
associated  with  poverty  and  a defective  hygiene,  undoubtedly  disposes  to 
a severe  attack.  This  is  shewn  by  the  greater  fatality  which  is  found  in 
scarlet  fever  amongst  the  inhabitants  of  the  poorer  districts  of  London, 
even  though  removed  to  hospital  at  an  early  date. 

The  tendency  of  puerperal  women  to  fatal  septicaemia  as  a direct 
consequence  of  the  scai'latinal  attack  has  been  already  referred  to  (see 
Aberrant  Cases,  p.  445).  The  subjects  of  previous  renal  disease  are  almost 
invariably  affected  Avith  a recrudescence  of  inflammatory  changes  in  the 
kidneys,  which  may  lead  to  uraemia  and  a fatal  termination. 

Although  the  attack  of  so-called  “ Surgical  Scarlet  Fever  ” are  usually 
characterised  by  excessive  mildness,  nevertheless  it  is  not  uncommon  for 
those  who  are  actually  suffering  at  the  time  from  some  other  infectious 
disorder  to  have  the  disease  in  a severe  form.  If  the  attack  supervene 
dming  convalescence  it  is  frequently  of  a benign  character,  and  might 
deservedly  be  ranked  amongst  the  so-called  “ sui’gical  cases.” 

In  addition  to  the  increase  of  the  gravity  of  a case  of  scarlet  fever  by 
the  advent  of  any  of  the  recognised  complications,  there  are  certain 
symptoms  of  the  primary  attack  which  are  of  unfavourable  omen. 
Ulceration  of  the  fauces,  attended  with  glandular  infiltration,  rhinorrhoea, 
high  temperature,  and  perhaps  the  appearance  of  a later  septic  eruption, 
are  indications  of  the  septic  form  which  the  disease  is  assuming.  In  the 
same  way  hyperpyrexia,  extreme  restlessness,  and  a vivid  rash,  accom- 
panied by  cardiac  dilatation,  a rapid,  feeble  pulse,  early  obscuration  of 
mind,  tremor,  and  persistent  vomiting,  are  evidences  of  toxaemia,  and  of 
consequent  danger  to  life.  Delirium  in  scarlet  fever  always  indicates  a 
severe  attack,  especially  when  it  occm’s  in  adidts,  and  is  usually  associ- 
ated mth  a high  degi-ee  of  pyrexia.  About  80  per  cent  of  cases  shewing 
a septic  eruption  are  fatal,  and  a petechial  eruption,  with  cold  and 
cyanotic  extremities,  is  an  exceedingly  unfavourable  sign. 

Complications. — Although  most  of  the  deaths  attributable  to  scarlet 
fever  are  due  rather  to  the  severity  of  the  attack  in  its  acute  stage  than 
to  any  of  its  later  developments,  the  complications  of  the  disease  are 
of  con.siderable  importance  in  view  of  the  tendency  of  some  of  them  to 
i>ecome  chronic,  and,  if  neglected,  to  lead  to  permanent  impairment  of 
health. 

It  is  admittedly  difficult  when  attempting  to  cla.ssify  the  various 
manifestations  liable  to  arise  in  the  course  of  a disease  to  draw  an}'  hard- 
and-fast  line  between  complications  and  .symptoms.  Take,  for  instance, 
a common  development  such  as  rhiuorrhna.  From  one  jioint  of  view  it 
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is  a complication,  in  that  it  complicates  the  normal  course  of  scarlet 
fever,  yet,  on  the  other  hand,  it  is  one  of  the  most  constant  and  charac- 
teristic of  the  symptoms  of  a septic  attack.  If  it  be  regarded  as  a com- 
plication, rhinbrrhoea  demands  ])rominent  notice,  seeing  that  a discharge 
from  the  nose  occurs  more  often  than  any  other  manifestation  of  which 
the  occurrence  is  the  exception  rather  than  the  rule  in  an  ordinary 
attack,  ^yhen  the  rhinorrhoea  is  of  a purely  mucous  character,  it  is 
simply  the  expression  of  a catarrhal  state  of  the  nasal  fossae,  a condition 
which  is  very  liable  to  arise  during  convalescence,  as  the  result,  perhaps, 
of  an  ordinary  cold.  But  when  the  discharge  is  muco-purulent,  and, 
esi^ecially,  if  thin  and  straw-coloured,  it  is  the  outcome  of  a destructive 
ulceration  of  the  posterior  nasal  mucous  membrane.  In  the  latter  case 
the  discharge  is  apt  to  be  serous  rather  than  mucous  : it  is  of  an  intensely 
septic  character,  and,  owing  to  its  irritant  properties,  frequently  gives 
I’ise  to  redness  and  excoriation  of  the  external  nares.  The  I’hinorrhoea  is 
apt  to  become  chronic,  and  often  proves  refractory  to  ordinary  medical 
treatment.  In  most  of  such  cases  the  persistence  of  the  discharge  is  due 
to  adenoid  growths  in  the  nasopharynx.  The  important  relation  which 
has  Ijeen  shewn  to  exist  between  the  presence  of  rhinoiThoea  and  pro- 
tracted infecti-\dty  in  the  propagation  of  scarlatinal  infection,  has  been 
already  referred  to.  (See  p.  419.) 

Of  the  recognised  complications  the  following  table  enumerates  the 
most  important.  Those  occurring  in  less  than  1 per  cent  of  cases  are 
omitted  from  the  table,  but  will  be  referred  to  later. 

Table  IV. — Shewing  percentage  incidence  of  Complications  amongst 
10,983  cases  of  Scarlet  Fever  treated  at  the  South-Western  Fever 
Hospital,  Stockwell,  during  the  years  1895  to  1904,  inclusive. 


Complications. 

Number. 

Percentage  lucidencet 

Otitis  ..... 

1650 

16 ‘0  per  cent 

Adenitis 

1253 

11-4  „ 

Rlieumatisni  .... 

743 

6-7  „ 

Albuminuria  .... 

87S 

” \ll'9percent 

Nephritis  .... 

441 

4-0  ,,  ( '■ 

Tonsillitis  (secondary) 

342 

3-1  „ 

Ulcerative  stomatitis 

189 

f) 

Bronchopneumonia  . 

114 

1-0  „ 

Relapse 

128 

^ t) 

Otitis  may  arise  at  any  stage  of  the  scarlatinal  attack  after  the  firet 
few  days.  Severe  cases  are  much  more  liable  to  the  complication  than 
mild  ones,  and  in  such  instances  it  usually  appears  earlier  in  the  attack, 
namely,  about  the  end  of  the  first  week  of  illness.  It  is  an  afiection  of 
early  childhood,  the  liability  decreasing  with  each  year  of  life.  After 
twelve  to  fifteen  years  of  age  it  is  veiy  rare,  but  there  is  a tendencj', 
even  in  adults,  for  old  ear  mischief  to  be  lighted  up  by  the  scarlatinal 
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attack.  Sex  is  without  any  influence  here.  This  otitis  may  occur  either 
in  the  form  of  a simple  inflammation  of  the  external  auditory  canal,  with 
possibl}’  more  or  less  implication  of  the  membrana  tympani,  in  which 
case  it  is  but  a trivial  aftection  of  short  duration ; or,  as  is  far  more 
common,  in  the  form  of  an  otitis  media,  followed  by  a more  or  less 
profuse  muco-purulent  discharge.  The  collection  of  inflammatory  pro- 
ducts pent  up  in  the  tympanic  cavity,  if  not  let  out  by  incision,  will  soon 
relieve  itself  by  rupture  of  the  membrane.  That  this  affection  is  usually 
due  to  an  extension  of  the  naso-faucial  inflammation  along  the  Eustachian 
tube,  with  swelling  of  the  mucous  membrane  and  consequent  narrowing 
of  its  calibre,  would  appear  to  be  tolerably  certain — at  any  rate  when  it 
arises  early  in  the  attack  before  the  throat  inflammation  has  subsided. 

The  distinctive  signs  of  the  affection  are  pain  in  the  ear,  tenderness 
over  the  cartilaginous  portion  of  the  canal,  irritability  of  temper  with 
more  or  less  fever,  followed  usually  after  one  to  three  daj^s  by  rapid  loss 
of  the  pain,  tenderness,  and  fever  on  the  appearance  of  the  discharge. 
In  a large  proportion  of  cases,  however,  there  is  a remarkable  absence  of 
pain,  the  appearance  of  a discharge  being  the  first  indication.  The 
glands  immediately  beneath  the  ear  are  usually  somewhat  enlarged  and 
tender,  and  may  remain  so  for  several  days.  They  occasionally  sup- 
purate. The  discharge  usually  ceases  after  from  two  to  four  weeks’ 
treatment,  and  the  perforation  rapidly  heals ; but  in  some  instances  cure 
may  not  be  effected  in  less  than  three  or  four  months.  Should  the 
otorrheea  unfortunately  become  chronic,  the  disease  will  in  all  probability 
be  found  to  have  involved  the  mastoid  antrum,  and  unless  an  operation 
be  undertaken  for  its  cure  the  condition  may  ultimately  result  in  serious 
intracranial  mischief  or  pytemia. 

Occasionally,  within  a few  weeks  after  the  appearance  of  an  otorrheea 
an  inflammatory  swelling  appears  in  the  mastoid  region,  attended  with  a 
rise  of  temperature  and  acute  tenderness  over  the  apex  of  the  bone. 
The  swelling  gives  rise  to  more  or  less  projection  of  the  external  ear.  It 
is  limited  above  by  the  temporal  ridge,  to  which  the  fascia  is  bound  down, 
and  by  its  extension  forwards  leads  to  considerable  oedema  of  the  eyelids 
on  the  same  side.  The  swelling  is  sometimes  dependent  upon  suppura- 
tion of  one  of  the  posterior  auricular  glands,  in  which  case  the  abscess  is 
relatively  superficial ; or,  more  commonly,  upon  the  formation  of  a sub- 
periosteal abscess,  which  may  be  connected  with  carious  bone  and  the 
presence  of  pus  within  the  mastoid  cells.  In  those  cases  of  subperiosteal 
abscess,  in  which  these  parts  are  sound,  it  is  possible  that  pus  may  have 
found  its  way  from  the  middle  ear  by  effecting  a passage  between  the 
cartilage  and  the  bony  portion  of  the  auditory  canal.  The  firmne.ss  with 
which  the  thick  fascia  in  the  temporo- zygomatic  region  is  bound  down 
may  effectually  prevent  the  appearance  of  any  oedema  in  this  situation  ; 
and  it  is  in  some  cases  hard  to  realise  that  the  source  of  what  appears  to 
be  an  independent  cedema  of  the  eyelids  is  really  to  be  found,  either  in 
an  inflammation  of  the  middle  ear,  or  of  the  mastoi<l  bone  on  the  same 
side.  When  suppuration  has  actually  occurred  in  the  swelling,  a definite 
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ring  of  softening  can  be  often  detected  over  tlie  subjacent  bone  at  a point 
immediately  behind  the  external  ear.  In  the  1 650  cases  of  otitis  media  in 
the  foregoing  table  (nWe  p.  452)  a mastoid  abscess  occurred  in  ‘0  per  cent. 

In  those  somewhat  exceptional  instances  of  otitis  media  in  which 
acute  inflammation  of  the  mastoid  cells  occurs  during  convalescence  from 
an  attack  of  scarlet  fever,  the  symptoms  arc  of  considerable  urgency  if 
tlie  tension  be  not  relieved  by  the  escape  of  inflammatory  products  into 
the  middle  ear  or  at  the  surface  of  the  bone.  Minute  interstices  in  the 
osseous  tissue  of  the  mastoid,  by  means  of  which  a communication  between 
the  interior  and  the  subperiosteal  surface  is  possible,  exist  in  all  subjects, 
but  their  patency  and  fi’eedom  of  communication  vary  in  different  indi- 
viduals, as  does  also  the  depth  at  which  the  antrum  may  lie  from  the 
surface. 

The  signs  of  acute,  suppuration  of  the  mastoid  cells — a condition  which  in 
young  children  is  practically  the  same  as  empyema  of  the  mastoid  antrum 
— are  briefly  as  follows : — Pain,  and  more  or  less  tenderness,  the  latter 
occasionally  intense,  are  complained  of  in  the  bone,  together  with  local 
cedema  and  usually  some  redness  of  the  skin.  The  discharge,  though  rarely 
completely  arrested,  is  often  diminished  in  quantity.  The  temperature, 
Avhich  may  rise  to  105°  F.  or  more,  sheAvs  AA'ide  fluctuations,  and  is  often 
accompanied  by  an  occasional  rigor.  The  pulse  is  rapid  and  excitable, 
and  in  some  cases  markedly  irregular.  Great  restlessness  and  irrital)ility 
are  present,  and  vomiting  is  common.  The  symptoms  may  rapidly  abate 
and  the  discharge  become  freer,  but  they  usually  soon  recur,  often 
beginning  with  a rigor,  and,  unless  relieved  by  operation,  the  case  is 
likely  to  end  fatally  by  meningitis,  or  by  pyasmia  after  a more  protracted 
and  irregular  course.  I have  seen  one  case  in  which  the  temperature 
reached  1 1 2°  F.  before  death.  The  general  symptoms  of  suppuration  of  the 
mastoid  cells  are  not  unlike  those  seen  at  an  early  stage  in  some  cases  of 
acute  nephritis,  occasionally  there  may  be  no  local  indications  AA'hatever 
pointing  to  affection  of  the  mastoid. 

It  is  Avell  knoAvn  that  meningitis,  intracranial  abscess,  both  subdural 
and  Avithin  the  substance  of  the  temporo-sphenoidal  lobe  or  eerebellum, 
and  general  pytemia,  are  all  liable  to  supervene  in  cases  of  chronic  middle 
ear  disease.  These  conditions,  like  septic  thrombosis  of  the  lateral  sinus, 
are  events  too  remote  to  be  considered  here.  The  chance  of  their  apiJear- 
ance  in  hospital-treated  cases  of  scarlet  fever  should  not  be  great ; they 
are  more  j^rone  to  ai'ise  in  patients  Avho  haA’e  passed  through  an  attack  of 
scarlet  fever  in  their  own  homes,  and  in  Avhom  a septic  condition  of  the 
middle,  ear  has  been  alloAved  to  establish  itself. 

Although  I have  only  met  Avith  one  case  in  Avhich  sinus  thrombosis 
AA'as  definitely  knoAvn  to  have  supervened  within  a feAV  months  of  the 
scarlatinal  attack,^  I have  on  several  occasions  found  pus  in  the  sigmoid 

' Dr.  A.  K.  Gordon  of  Maucliester  informs  me  that  he  ha.s  recently  met  with  two  in- 
stances in  Avhich  this  complication  arose  during  the  acute  stage  of  a scarlatin.al  otorrhren. 
Ligation  of  the  internal  jugular  vein  in  the  neck,  together  with  the  radical  mastoid  operation, 
in  each  case  effected  a cure. 
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groove  between  the  sinus  and  its  bony  wall,  the  pus  having  worked  its 
way  backwards  from  the  antrum  which  was  full  of  it.  That  it  is  by  no 
means  infrequent  to  find  true  pus  in  the  mastoid  antrum  after  death, 
though  its  pi'esence  may  have  never  been  even  suspected  during  life, 
would  certainly  suggest  that  its  occurrence  is  much  more  frequent  in 
cases  of  the  septic  type  than  is  generally  supposed. 

Adenitis  is  a somewhat  rapid  swelling  of  one  or  more  of  the 
cervical  glands,  either  behind  the  jaw  or  placed  deeper  under  the  sterno- 
mastoid,  occurring  during  the  stage  of  convalescence,  the  temperature 
having  been  normal  perhaps  for  from  one  to  three  weeks.  It  is  attended 
with  a fresh  rise  of  temperatirre,  which  lasts  for  a longer  or  shorter 
period,  dependent  on  whether  the  gland  suppurates,  or,  as  more  freqitently 
occurs,  resolves.  In  the  latter  case  the  temperature  usually  returns  to 
normal  within  three  days.  Its  fall,  like  its  rise,  is  frequently  somewhat 
sudden. 

It  is  distinct  from  the  glandular  swelling  occurring  early  in  the 
scarlatinal  attack,  which  is  in  some  degree  common  to  all  cases  with  any 
throat  aflection  worth  speaking  of,  and  may  vary  from  a very  slight 
glandular  fulness  up  to  the  most  severe  glandular  infiltration,  attended 
with  enormous  swelling  of  neck  and  a profuse  muco-purulent  rhinorrhcea, 
all  of  which  are  directly  dependent  upon  a septic  ulceration  of  the  fauces 
and  tonsils.  This  condition  is  really  one  of  septic  adeno-cellulitis.  It  is 
not  a complication,  but  part  and  parcel  of  a severe  attack  in  its  acute 
stage  : moreover,  it  is  due  to  an  obvious  primary  cause,  like  the  glandular 
swelling  directly  consequent  upon  pediculi  or  eczema  capitis. 

I refer  rather  to  a primary  pyrexial  adenitis,  occurring  at  a late  stage 
of  the  disease,  and  unconnected,  so  far  as  can  be  seen,  with  any  local 
exciting  cause.  In  its  pathology  it  would  appear  to  be  more  directly 
related  to  those  cases  of  sudden  glandular  swelling  Avhich  arise  as  a result 
of  what  is  called,  for  want  of  a better  name,  “ taking  a chill,”  Avhatever 
that  really  may  be.  These  cases  of  adenitis  are  often  seen  to  arise  in 
groups  about  the  same  time  in  patients  located  in  different  parts  of  the 
hospital.  They  are  met  with  in  about  equal  frequency  at  all  times  of 
the  year,  and  shew  no  clear  connexion  Avith  either  cold,  damp,  diet,  or 
habits.  Their  occurrence  in  groups  appears  to  suggest  some  widespread 
causative  influence,  such  as  some  varying  atmospheric  or  soil  condition. 
Adenitis  more  often  affects  patients  Avho  are  the  subject  of  albuminuria, 
especially  those  Avith  distinct  nephritis.  The  complication  is  rarely  met 
Avith  after  the  fourth  Aveek  of  illness ; it  is  more  common  in  the  second 
than  the  third,  and  in  the  third  than  the  fourth.  It  is  far  more  common 
before  the  age  of  puberty  than  afterAvards,  and  is  perhaps  more  frequent 
after  seA'ere  than  after  mild  attacks.  It  bears  no  relation  to  sex,  and 
always  terminates  in  recovery.  About  one-third  of  the  cases  suppurate ; 
and  it  is  ahvays  Avise,  in  opening  such  a collection,  to  make  use  of  a 
drainage-tube  in  vicAv  of  the  tendency  to  residual  abscess. 

Articular  Jlheurnatism  of  sufficient  intensity  to  give  rise  to  cleA’ation  of 
temperature,  pain,  tcnderne.ss,  and  distinct  effusion  into  the  joints,  is  a 
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common  complication.  Its  most  frequent  scat  is  the  smaller  rather  than 
the  larger  joints : the  arms  suffer  more  frequently  than  the  legs  ; the 
hands  and  wrists,  than  the  elbows  or  shoulders ; and  the  ankles,  than 
the  knees  or  hips.  Most  frequently  of  all  it  appears  in  the  metacarpo- 
phalangeal joints,  the  fingers,  anti  the  wrists,  but  evinces  a certain 
tendency  to  migrate.  There  are  good  reasons  why  it  should  be  regarded 
as  pathologically  akin  to  ordinary  acute  rheumatism,  though  difiering  in 
certain  respects.  It  is  very  jwone  to  arise  in  persons  who  have  been 
subject  to  attacks  of  acute  rheumatism,  although  such  subjects  are  in  the 
minority.  It  shews,  though  in  a less  degree,  the  same  tendency  to  move 
from  joint  to  joint,  and  it  is  readily  amenable  in  most  instances  to  the  action 
of  salicin  and  the  salicylates.  On  the  other  hand,  it  is  less  severe  than 
ordinary  acute  rheumatism,  its  natural  l^ent  being  more  towards  recovery  ; 
it  is  unattended  with  the  acid  perspirations  and  the  creamy,  hirred  tongue 
so  characteristic  of  that  condition ; and  it  is  less  prone  to  affect  the 
tissues  of  the  heart  or  pericardium.  Moreover,  the  joints  are  more  prone 
to  take  on  a suppurative  action,  leading  to  a condition  of  jjysemia,  than 
in  the  ordinary  rheumatic  process. 

Scarlatinal  rheumatism  is  far  more  common  in  adults  and  in  older 
children  than  in  young  ones,  and  affects  females  in  a larger  proportion 
than  males.  It  arises  independently  of  season  or  temperature,  being  as 
common  in  the  summer  and  early  autumn  months  as  in  the  colder  seasons. 
Its  time  of  onset  is  remarkably  constant,  viz.  the  fifth,  sixth,  or  seventh 
day  of  illness,  at  the  time  when  the  rash  is  just  disappearing  and  the 
temperature  falling  to  normal.  It  is  more  common  in  severe  attacks 
than  mild  ones — in  cases  characterised  by  an  intense  rash  and  cojjious 
peeling — and  it  is  in  cases  such  as  these,  especially  if  of  the  septic  type 
with  ulcerated  fauces,  that  the  joint  affection  has  a tendency  to  assume 
the  suppurative  form.  The  prognosis  in  ordinary  cases  is  good.  The 
cardiac  structures  are  rarely  involved  at  the  time,  probably  in  less  than 
3 per  cent.  Indeed,  the  occurrence  of  either  endocarditis  or  pericarditis 
in  the  course  of  scarlet  fever  is  very  uncommon,  though  a soft  systolic 
bruit  may  not  infrequently  be  detected  at  the  apex,  even  in  mild  attacks. 
These  murmurs  are  very  transient ; they  are  apparently  of  hremic  origin, 
and  are  rarely  indicative  of  valvular  lesion.  Definite  pericarditis,  how- 
ever, is  occasionally  found  to  complicate  a septic  attack.  In  those 
exceiitional  instances  in  which  the  joints  suppurate  [“Scarlatinal  Pytemia”], 
the  elbow,  knee,  and  sterno-clavicular  joints  seem  to  be  earliest  and  most 
frequently  affected.  Early  evacuation  of  the  joint,  Avith  antiseptic  irriga- 
tion, is  often  followed  by  the  best  results. 

Albuminuria. — Under  this  heading  in  the  foregoing  table  (uide  p.  4o2) 
cases  of  acute  nephi’itis  are  not  included,  nor  those  in  which  but  a faint 
and  trajisient  cloud  of  albumin  Avas  noted  for  less  than  three  consecutive 
days.  The  urines  during  normal  convalescence,  unless  any  special  indica- 
tion existed,  Avere  for  the  most  part  tested  three  times  a Aveek ; and  in 
infants  it  Avas  not  ahvays  possible  to  examine  the  urine  Avith  regularity. 

The  incidence  of  scai’latinal  albuminuria  in  patients  treated  in  hospital 
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wards  is  not  so  great  as  is  usually  sujyjjosecl.  It  must  bo  reniemljered, 
however,  that  the  inclusion  of  three  or  four  beaten-up  eggs  in  the  diet  of 
an  adult  will  produce  albuminuria  by  simple  diffusion.  In  this  series  the 
amount  of  easily  diffusible  albumin  given  in  the  diet  was  not  sufficient  to 
yield  signs  of  its  presence  in  the  urine,  so  that  instances  of  albuminuria 
line  to  this  cause  were  not  to  be  expected.  I believe  that  the  allunninuria 
in  which  a faint  cloud  only  could  be  obtained  with  picric  acid  for  less 
than  three  consecutive  days  may  be  safely  absolved  from  any  prognostic 
significance : they  do  not  shew  any  tendency  to  recurrence,  nor  does 
the  urine  on  careful  microscopical  examination  yield  evidence  of  aiiy 
renal  product.  But  in  albuminuria  of  greater  degree,  it  is  admittedly  a 
difficult  thing  to  draw  a distinct  line  of  demarcation  between  that  which 
does  and  that  which  does  not  indicate  acute  nephritis,  because  cases  of 
acute  nephritis  vary  so  widely  in  the  severity  and  constancy  of  their 
symptoms.  Xor  must  it  be  forgotten  that  certain  very  exceptional  cases 
of  nephritis  are  met  vuth  in  which  the  urine,  even  on  careful  daily 
examination,  has  shewn  no  sign  of  albumin,  though  the  clinical  signs  and 
post-mortem  appearances  are  characteristic  of  the  disease.  Several  such 
instances  have  occurred  in  my  own  experience.  Pathologically,  the 
difficulty  of  separating  the  two  states  is  still  greater,  because  the 
constancy  with  which  kidney  changes  are  present  in  cases  of  uncom- 
plicated scarlet  fever  is  a matter  of  dispute ; and  the  opportunity  of 
verifying  the  presence  of  substantive  disease  of  the  kidney  in  cases  of 
simple  albuminuria,  so  called,  is  of  very  rare  occurrence. 

I hold  strongly  to  the  belief  that,  although  changes  in  the  renal  tissue 
are  by  no  means  necessarily  present  in  an  ordinary  attack  of  scaiiatina, 
yet  simjjle  albuminmia  of  any  degree  and  acute  nephritis,  when  they 
supervene,  are  due  essentially  to  the  same  morbid  process,  varying 
only  in  intensity,  or  in  the  vulnerability  of  the  kidney  in  the  particular 
.subject.  The  assumption  that  a simple  albuminuria  and  a definite 
nephritis  are  both  the  expression  of  the  same  morbid  action,  varying 
mainly  if  not  entirely  in  respect  of  degree,  is  supported  by  certain  facts 
of  their  development.  Their  relative  prevalence  in  a particular  outbreak 
or  in  a particular  ward  is  in  agreement ; they  both  tend  to  arise  under 
the  same  conditions  of  environment : deficient  ventilation,  overcrowding 
of  wards,  especially  with  acute  cases,  climatic  changes,  chiefly  in  respect 
to  atmospheric  humidity,  all  have  an  apparent  influence  in  determining 
the  appearance  of  both.  It  may  be  noticed  in  passing  that  cold  per  se 
seems  to  be  vuthout  influence  ; but  cold  in  conjunction  with  damp  is  often 
followed  by  the  appearance  of  fresh  cases.  They  both  shew  a tendency 
to  develop  at  the  same  stage  of  the  illness,  viz.  during  the  latter  part  of 
the  second,  third,  and  fourth  weeks  (most  frecpxently  the  sixteenth  to  the 
twenty-third  day).  The  age  liability  also  is  in  agreement,  the  suscepti- 
bility to  both  affections  being  fairly  constant  from  the  second  year  of  life 
to  the  fifteenth,  after  which  age  cases  of  simple  albuminuria  are  relatively 
more  common  than  those  of  acute  nephritis.  That  there  is  as  great  a 
tenriency  for  cases  of  simple  albuminuria  to  end  in  acute  nephritis  as 
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there  is  for  cases  of  aeute  nephritis,  if  neglected,  to  relapse,  is  additional 
evidence  in  the  same  direction. 

That  kidney  disturbance  is  less  frequently  met  with  in  eases  of 
scarlet  fever  treated  in  hospital  than  in  those  treated  in  their  own  homes, 
at  any  rate  amongst  the  poorer  classes,  is  very  probable ; and  it  is  tpiite 
possible  that  this  is  in  part  because  during  their  illness  the  patients  are 
kept  under  more  favourable  atmospheric  conditions  : moreover,  the  action 
of  the  skin  is  encoui’aged  by  the  employment  of  frequent  and  regular 
warm  Ijaths,  begun  directly  the  temperature  has  reached  the  normal, 
and  continued  during  the  stage  at  which  the  renal  susceptibility  is  at  its 
greatest. 

Cases  of  “ postural  ” or  “ cyclic  ” albuminuria  are  occasionally  met  with, 
and  it  is  probable  that  their  pathology  is  of  a more  comjjlex  nature. 
The  large  majority  of  patients  who  have  been  the  subjects  of  simple 
albuminuria  completely  lose  their  albumin  in  a few  weeks.  I cannot  call 
to  mind  an  instance  of  a scarlatinal  patient  being  discharged  with 
albuminuria  who  had  not  previously  had  a definite  attack  of  acute 
nephritis. 

Acute  Nephritvi. — Although,  as  we  ha't'e  seen,  it  is  not  easy  to  draw 
a distinction  between  some  mild  cases  of  nephritis  and  those  of  simple 
albuminuria,  yet  in  a certain  number  the  symptoms  of  a profound  inflam- 
matory affection  of  the  kidney  are  sufficiently  pronounced  to  warrant  the 
designation  “ acute  nephritis.”  They  are  not,  howcAmr,  so  numerous  as 
those  falling  under  the  head  of  “ simjjle  albuminuria.”  If  we  jJut  the  two 
classes  together  as  simply  an  expression  in  different  degree  of  the  same 
diseased  action,  the  percentage  of  cases  shewing  renal  affection  in  this 
series  of  10,983  attacks  comes  out  at  1T9. 

The  syraj^toms  of  onset  in  the  majority  of  cases  are  sudden  and  pro- 
nounced, comprising  headache,  vomiting,  sometimes  a rigor,  drowsiness, 
sudden  elevation  of  temperature  to  103°  or  104°  F.,  the  appearance  of  blood 
and  albumin  in  the  urine,  and  a greater  or  less  degree  of  suppression. 
The  period  of  suppression  corresponds  usually  with  the  febrile  stage,  and 
is  seldom  at  its  height  until  the  third  or  fourth  day,  by  which  time  the 
excretion  may  have  fallen  to  three  or  four  ounces,  often  with  frequent  desire 
to  pass  water.  The  skin  is  hot  and  diy,  the  pulse  tense  and  excitable,  the 
resi)iration  rapid,  the  tongue  diy,  and  by  this  time  there  is  usually  evidence 
of  slight  anasarca,  best  seen  in  the  face,  loins,  hands,  and  feet.  The 
febrile  stage  usually  lasts  from  three  to  six  days,  and  the  temperature  is 
very  variable,  often  fluctuating  between  97°  and  102°  or  104°  F.  several 
times  during  this  period.  It  is  hardly  ever  sustained  for  twenty-four 
hours  at  a stretch,  but  is  of  a strikingly  “ spiked  ” character  when  charted. 
The  pulse,  which  has  been  variable  both  in  rhythm  and  strength,  not  infre- 
quently becomes  preternaturally  slow  towards  the  end  of  the  week,  by 
which  time  the  urine  is  passed  in  greater  quantity.  In  a considerable 
proportion  of  cases  the  onset  is  much  more  gradual ; the  febrile  signs,  if 
present  at  all,  being  preceded  by  the  appearance  and  gradual  increase  of 
albuminuria  for  several  days.  In  these  cases  the  condition  does  not  at 
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any  time  look  so  alarming,  but  the  prognosis  is  less  favourable,  ami  when 
recovery  ensues,  it  is  usually  longer  cleforrecl. 

Ha?maturia  in  some  degree  is  constant,  but  anasarca  to  any  extent  is 
rare.  The  nephritis  is  often  associated  with  adenitis,  and  not  infrequentl}’ 
with  rheumatism,  which  usually  pi-ccedes  it.  Acute  nephriti.s,  like  simple 
albuminuria,  most  frequently  arises  during  the  course  of  the  third  week. 
In  a small  number  of  cases  it  appears  as  late  as  the  fourth  week.  It  is 
most  frequent  in  cold,  damj),  or  “ muggy  ” weather.  All  ages  are  liable 
to  it,  but  it  is  less  frequent  after  i^uberty.  Sex  seems  to  be  without 
influence  up  to  fifteen  years,  but  at  a later  age  males  are  more  liable. 
Nephritis  is  as  common  after  mild  attacks  of  undoubted  scarlet  fever 
as  after  severe  ones. 

Eecovery  in  the  large  proportion  of  cases  is  complete,  and  the 
albuminuria  disappears  in  a few  weeks.  Occasionally,  it  is  true,  a slight 
degree  of  albuminuria  ^^ull  persist  after  several  months’  treatment,  and  a 
few  of  these  patients,  no  doubt,  become  the  subjects  of  chronic  nephritis. 
But  this,  I am  sure,  is  very  exceptional  in  cases  whieh  have  been 
properly  treated  from  the  outset.  There  is,  I think,  an  undue  tendency 
on  the  part  of  some  physicians  to  ascribe  the  origin  of  a nephritis  de- 
veloping late  in  life  to  an  attack  of  scarlatina  many  years  previously. 
Scarlatinal  nephritis  is  but  rarely  directly  fatal,  but  when  it  is,  death  is 
almost  invariably  due  to  the  advent  of  one  of  the  three  following  con- 
ditions : — ^urismia,  suppurative  inflammations,  or  acute  pulmonary  oedema. 
Of  these  the  last  is  by  far  the  most  dangerous  to  life. 

Secondary  Tonsillitis. — This  occurs  much  more  often  in  adults  and  in 
older  children,  females  being  especially  liable.  A predisposition,  more- 
over, is  seen  in  connexion  with  the  rheumatic  diathesis,  and  in  i^ersons 
who  are  normally  subject  to  throat  aflfections.  Although  secondary 
tonsillitis  in  adults  usually  proves  a mild  disorder,  in  young  children 
convalescence  is  liable  to  be  complicated  by  the  occurrence  of  a septic 
form  of  tonsillitis,  attended  vuth  ulceration  and  much  gland-swelling, 
which  may  be  very  severe  and  even  fatal.  Should  this  supervene  during 
the  pyrexial  stage  of  scarlet  fever  there  is  little  to  distinguish  the  con- 
dition from  an  ordinary  septic  attack. 

Ulcerative  Stomatitis  varies  enormously  in  the  seA^erity  of  its  mani- 
festations. It  most  frequently  begins  as  a simple  sponginess  of  the  gum, 
often  in  connexion  AA*ith  a carious  tooth.  Ulceration  then  appears  at  its 
free  border,  AAuth  a tendency  to  bleed  on  being  touched.  The  diseased 
action  next  tends  to  spread  laterall)q  and  affects  either  the  adjacent 
border  of  the  tongue  or  the  mucous  surface  of  the  cheek  or  lip.  The 
disease  may  stop  at  this  point,  and  remain  limited  to  the  appearance  of 
a feAv  shallow  idcers  Avith  an  angry-looking  margin  and  a greyish  floor, 
in  conjunction  Avith  the  spongy  ulcerated  condition  of  the  gum  before 
referred  to.  Such  cases  are  invarialjly  attended  Avith  a moist  and  some- 
Avhat  broAvnish  coating  to  the  tongue,  a certain  degree  of  salivation  Avith 
enlargement  of  the  submaxillary  lymphatics,  and  a distinctive  fetor  of  the 
breath.  They  do  not  usually  present  any  rise  of  temperature  or  serious 
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constitutional  disturbance.  In  other  cases,  however,  things  are  veiy 
different.  The  ulceration  of  the  gums  rapidly  spreads  and  assumes  a 
necrotic  form  ; the  teeth  become  loose  or  fall  out ; the  ulcers  on  the 
tongue,  lip,  and  cheek  take  on  a fungating  character,  or  actual  sloughs 
may  appear  in  the  latter  situation,  and  eventually,  if  the  case  be  left  to 
itself,  involve  the  whole  thickness  of  the  cheek.  A black  incrustation 
forms  on  the  teeth,  and  the  temperature  may  be  raised  several  degrees 
with  signs  of  profound  constitutional  depression.  Cases  of  this  degree 
of  sevei-ity,  deserving  the  name  ?ioma,  are  of  rare  occurrence  nowadays, 
in  London  at  any  rate,  and  if  taken  early  may  be  cured  by  energetic 
treatment. 

Ulcerative  stomatitis  complicating  scarlet  fever  is  a disease  of  young 
children,  being  virtually  unknown  after  the  age  of  puberty.  It  shews  no 
special  relation  to  either  sex  or  season,  but  is  most  common  in  strumous 
.subjects,  and  in  those  who  are  suffering  from,  or  who  have  recently  had, 
measles.  There  is  a distinct  disposition  for  the  diseased  mucous  membrane 
to  become  infected  with  diphtheria ; I have  seen  this  complication  super- 
vene in  three  cases  of  ulcerative  stomatitis  arising  in  the  ordinary  manner, 
and  ultimately  pi’ove  fatal  by  involvement  of  the  larynx.  This,  however, 
was  before  the  days  of  antitoxin.  The  affection  is  eminently  contagious. 

Bronchoimeumonia. — This  rarely  occurs  except  as  a late  development 
of  a septic  attack.  In  some  instances  it  is  apparently  set  up  by  the 
passage  of  food  and  offensive  secretions  into  the  bronchial  tubes  ; the 
normal  mechanism  concerned  in  guarding  the  laryngeal  orifice  having 
failed  as  the  result  of  extension  of  the  swelling  and  destructive  ulceration 
from  the  contiguous  faucial  structures.  In  cases  where  the  ulceration  is 
not  sufficiently  extensive  to  iiiterfere  seriously  with  the  mechanism  of 
deglutition,  the  bronchopneirmonia  would  appear  to  be  but  an  additional 
manifestation  of  a general  septic  infection.  The  supervention  of  broncho- 
pneumonia exerts  a very  prejudicial  effect  on  the  case.  Dyspnoea  and 
cyanosis  become  more  pronounced,  with  corresponding  depression  of  the 
pulse.  The  temperature  is  sustained,  and  the  attack  usually  soon  proves 
fatal. 

Relapse. — A true  relapse  not  infrequently  occurs  in  scarlet  fever,  a 
state  in  which  all  the  characteristic  features  of  the  disease  are  simply 
repeated  in  a person  who  has  recently  passed  through  one  attack.  As  a 
rule,  the  severity  of  the  relapse  is  in  inverse  ratio  to  that  of  the  primary 
affection.  Few  relapses  are  fatal,  though  they  are  occasionally  severe. 
The  relapse  may  occur  at  any  stage  of  the  disease  after  the  middle  of  the 
second  week.  Any  attempt  to  draw  a distinction  between  a relapse  and 
a second  attack  is  purely  arbitrary.  A true  relapse  would  imply  that 
the  immunity  conferred  by  the  original  attack  is  not  sufficiently  prolonged 
to  protect  a person  from  re-infection  by  the  morbific  agent  which  is  still 
present  in  his  own  person.  Relapses  are  said  to  be  more  common  in  hospital 
patients  than  in  those  treated  at  home,  and  as  the  infection  in  the  air  of 
a fever  ward  is  constantly  being  renewed  by  the  admission  of  fresh  cases, 
it  is  held  that  a person  whose  immunity  is  short-lived  is,  consequently. 
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far  more  likely  to  fall  a victim  to  the  disease  again.  According  to  this 
view  the  relapse  should  more  properly  be  called  a “ second  attack.  ’ 
Amongst  10,983  cases  of  scarlet  fever  under  my  care  during  the  years 
1895-1904,  a true  relapse  or  second  attack  occurred  in  1-1  per  cent.  In 
one  instance  a young  woman  had  three  definite  att<icks  of  scarlet  fever 
within  a period  of  three  months;  in  the  last  of  these  she  died.  If  a 
person  succeed  in  throM'ing  off  the  infection,  and  have  passed  out  of  his 
infected  environment  safely,  he  very  rarely  falls  a victim  to  the  disease 
again  within  the  next  ten  or  fifteen  years,  but  a second  attack  after  a 
long  interval  is  by  no  means  uncommon. 

In  addition  to  the  more  common  affections  detailed  above,  convales- 
cence from  scarlet  fever  is  liable  to  be  complicated  by  various  minor 
ailments,  ■which,  however,  may  not  be  directly  ascribable  to  the  action 
of  the  specific  poison.  Of  these,  eczema,  impetigo,  purpura,  boils,  and 
ophthalmia  are,  perhaps,  the  most  frequent.  It  should  also  be  remem- 
bered that  scarlet  fever  convalescents  are  very  prone  to  contract  any 
other  infective  disease  to  which  they  may  be  exposed,  especially  diph- 
theria, chicken-pox,  and  measles  (see  p.  845). 

Post-Seaplatinal  Diphtheria.— As  to  the  factors  concerned  in  the 
development  of  this,  which  in  pre-antitoxin  days  proved  the  gravest  com- 
plication to  which  the  scarlet  fever  convalescent  was  liable,  considerable 
uncertainty  prevails.  Though  any  stage  of  the  scarlatinal  attack  ma}'  be 
complicated  by  the  appearance  of  diphtheria,  it  is  during  convalescence 
that  the  large  majority  of  cases  arise.  It  occurs  more  frequently  in 
hospital-treated  patients  than  in  those  who  remain  at  home,  at  any  rate 
among  the  better  classes.  This  suggests  that  its  incidence  is  dependent 
upon  conditions  which  are  to  a great  extent  special  to  hospital  life, 
^iow,  experience  shews  that  its  frequency  varies  in  different  hospitals, 
in  different  wards,  and  at  different  times  in  the  same  hospital.  Many 
suggestions  have  been  offered  to  explain  its  appearance. 

The  presence  in  a scarlet  fever  ward  of  a previous  case  of  diphtheria 
which,  OAving  to  its  extreme  mildness  may  have  entirely  escaped  detection, 
must  certainly  be  admitted  as  the  most  likely  source  of  infection.  This 
is  more  particularly  true  of  nasal  diphtheria.  It  is  remarkable  that  a 
recognised  case  of  faucial  or  laryngeal  diphtheria  seems  to  but  rarely 
give  rise  to  other  cases  in  a well-ventilated  scarlet  fever  ward,  providctl 
there  is  no  overcrowding,  and  due  care  be  taken  in  its  management. 
The  possibility  of  the  disease  being  derived  from  the  nurse,  in  con- 
.sequence  of  her  harbouring  diphtheria  bacilli  in  her  own  throat,  or  of 
mediate  infection  thi’ough  the  agency  of  linen,  books,  toys,  and  so  forth, 
or  the  clothing  or  hands  of  an  attendant  whose  mucous  membranes  are 
above  suspicion,  must  never  ))e  overlooked.  The  circumstances  connectc<l 
with  the  appearance  of  post-scarlatinal  diphtheria  in  certain  hosjhtals 
frequently  suggest  that  a predisposition  is  engendered  l>y  the  operation 
of  some  more  general  and  widespread  influence,  such  as  an  atmospheric 
or  soil  condition.  Cases  of  post-scarlatinal  diphtheria  arc  frequently 
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oljsorved  to  arise  in  groups  of  two,  three,  or  more,  almost  simultaneously 
or  in  close  succession,  in  different  wards  of  a large  hospital,  wards  which 
are  not  only  widely  separated,  but  which  may  have  no  administrative 
factor  in  common,  with  the  exception  of  the  food-supplies  which  can  be 
clearly  absolved.  Such  outbreaks  have  not  infrec^uently  arisen  in  seasons 
characterised  by  a high  degree  of  atmospheric  humidity,  dependent  upon 
previous  rainfall  and  consequent  dampness  of  soil.  The  incidence  of  the 
disease  appears  to  be  greatest  in  Avards  surrounded  with  grass  or  other 
vegetation  growing  in  a clay  soil ; indeed,  the  moisture-retaining  character 
of  the  actual  surface  would  seem  to  be  of  gi-eater  importance  than  the 
subsoil  drainage,  whether  natural  or  artificial,  though  it  must  not  be 
forgotten  that  in  certain  exceptional  instances  a connexion  has  been 
conclusively  established  between  outbreaks  of  diphtheria  and  defective 
drainage.  I have,  however,  come  across  cases  in  which  it  was  possible 
to  eliminate  all  such  influences,  in  so  far  as  they  are  capable  of  elimina- 
tion. Statistics,  moreover,  go  to  prove  that  the  incidence  of  the  affection 
bears  no  relation  to  the  proximity  of  a diphtheria  ward.  At  one  hospital 
which  has  enjoyed  a comparative  immunity  from  post-scarlatinal  diph- 
theria, its  incidence  has  been  more  than  tAvice  as  frequent  in  Avooden 
huts,  deficient  in  floor-space  per  bed,  than  in  brick-built  Avards  Avith  an 
ample  provision ; and  its  appearance  has  been  strikingly  shcAvn  to  folloAv 
in  the  Avake  of  even  temporary  overcroAvding  of  Avards  in  other  respects 
satisfactory.  In  the  treatment  of  scarlet  fever  it  is  most  necessary  that 
the  heating  appliances  in  a AA^ard  should  be  capable  of  maintaining  the 
air  at  a satisfactory  degree  of  Avarmth  and  dryness,  and  at  the  same  time 
permit  of  ample  direct  ventilation.  The  floor-space  per  bed  should  on 
no  account  be  reduced  below  144  square  feet,  and  the  airing-court  sur- 
rounding the  Avard  should  have  a gravel  surface,  or  better  still,  perhaps, 
be  laid  Avith  tar-paving.  Were  these  points  insisted  upon  in  the  con- 
struction of  all  fever  hospitals,  there  is  little  doubt  that  the  incidence  of 
post-scarlatinal  diphtheria  Avould  be  considerably  reduced,  assuming  due 
care  to  be  exercised  in  respect  to  their  administration. 

The  incidence  of  post-scarlatinal  diphtheria  amongst  36,230  cases  of 
scarlet  fever  admitted  into  certain  of  the  Asylums  Board  Hospitals  during 
the  years  1890-94  Avas  1‘7  per  cent.  Of  these,  54’4  per  cent  Avere  fatal  ; 
but  this  Avas  before  antitoxin  Avas  available.  In  exceptional  cases  its 
inci<lence  in  a single  hospital  has  risen  to  over  4 per  cent  of  the  admissions. 

There  is  nothing,  either  clinically  or  bacteriologically,  to  distinguish 
post-scarlatinal  diphtheria  from  the  independent  disease,  except  in  respect 
to  its  unduly  high  mortality.  While  the  mortality  in  the  series  under 
consideration  Avas  5 4 '4  per  cent,  that  of  the  diphtheria  admissions  in  the 
same  period,  numbering  10,777  cases,  was  29‘6  per  cent.  This  excessive 
mortality  is  in  great  part  because  more  than  half  of  the  attacks  occurred 
in  children  under  five  years  of  age,  Avho,  in  primary  diphtheria  Avithout 
antitoxin,  died  at  the  rate  of  50  per  cent  in  the  public  fever  hospitals  of 
London.  Moreover,  having  regard  to  the  fact  that  in  something  like  75 
per  cent  of  these  children  the  disease  assumed  the  laryngeal  form,  it  may 
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Chart  7. 

Showing  time  oF  incidence  of 
Post-Scarlatinal  Diphtheria  at 
different  stages  of  convalescence 
from  Scarlet  Fever. 

Compiled  from  1303  Cases. 
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he  confidently  stated  that  the  excessive  mortality  in  post-scarlatinal 
diphtheria  is  mainly  duo  to  a special  tendency  of  the  disease  to  afiect  the 
respinrtory  passiiges.  The  results  following  tracheotomy,  again,  are  not 
so  favourable  as  when  the  operation  is  performed  in  cases  of  independent 
diphtheria. 

The  following  table  deals  with  the  time  of  incidence  of  the  diphtheritic 
complication  in  1503  cases  : — 


Table  V. — Time  of  Onset  in  1503  cases  of  Post-Scarlatinal 

Diphtheria. 


1 

Week. 

Under  Five 
Ye.irs. 

Over  Five 
Years. 

Total. 

Percentage  of 
Total  Cases. 

1 

19 

8 

27 

1-79 

2 

61 

34 

95 

6-32 

3 

110 

78 

188 

12-50 

4 

186 

108 

294 

19-56 

5 

126 

73 

199 

13-24 

6 

93 

44 

137 

9-11 

7 

85 

48 

133 

8-84 

8 

77 

51 

128 

8-51 

9 

54 

35 

89 

5-92 

10 

30 

22 

52 

3-45 

11 

27 

10 

37 

2-46 

12 

26 

17 

43 

2-86 

Later  than 
12  th 

60 

21 

81 

5-38 

Total 

954 

549 

1503 

100- 

The  variation  in  the  time  of  incidence  is  best  seen  if  the  above  numbers 
are  shewn  in  the  form  of  a chart  (No.  7),  and,  since  the  rise  and  fall  of 
the  curve  is  both  regular  and  progressive,  it  may  be  fairly  taken  as  an 
expression  of  the  varying  susceptibility  to  the  disorder  at  different 
periods  of  the  scarlatinal  attack.  This  tends  to  shew  in  the  most  striking 
manner  that  susceptibility  is  at  its  maximum  during  the  course  of  the 
fourth  week. 

If  it  be  permissible  to  argue  from  results  which  have  recently  been 
attained,  the  prospects  of  success  in  the  field  of  serum  therapeutics  are 
certfiinly  more  encouraging. 

Treatment. — It  must  be  confessed  that  all  attempts  to  control  the 
course  of  scarlet  fever  by  means  of  drugs  have  hitherto  been  unsuccessful. 
Many  and  various  have  been  the  drugs  for  which  an  abortive  action  has 
been  claimed ; usually,  it  would  seem,  upon  the  strength  of  a few  cases 
which  have  recovered  after  their  administration.  These  drugs  have  been 
maifdy  of  the  antiseptic  clas.s,  and,  v'hen  their  action  has  been  continuously 
tried  on  a large  series  of  cases,  their  superiority  over  ordinaiy  methods  of 
treatment  has  been  in  no  way  apparent. 

1 . l^erumOierapy. — Quite  apart  from  any  question  as  to  their  specificity, 
the  imporUnt  part  which  of  late  has  been  ascribed  to  streptococci  in 
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connexion  Avith  those  grave  developments  of  a septic  nature  which 
characterise  the  majority  of  severe  cases  of  scarlet  fever,  and  which 
appear  to  be  mainly  responsible  for  the  gravity  of  the  patient’s  condition, 
not  unnaturally  stimulated  the  hope  that  a serum  prepai-ed  from  these 
micro-organisms  might  be  capable  of  exercising  a curative  influence  on 
the  course  of  the  disease.  Antistreptococcic  serum,  therefore,  though 
originally  prepared  by  IMarmorek  for  the  treatment  of  erysipelas, 
appeared  to  meet  the  want,  and  it  received  an  extensive  trial  in  the  septic- 
form  of  scarlet  fever  in  addition  to  other  varieties  of  streptococcic  infection. 
The  results,  however,  in  so  far  as  scarlet  fever  was  concerned,  proved 
wholly  disappointing,  though  Baginski  formed  a favourable  opinion  of  it. 
It  was  urged  by  Aronson  that  the  frequent  failure  of  antistreptococcic 
serum  might  be  explained  by  the  assumption  that  the  streptococci  from 
which  the  serum  had  been  prepared  might  be  of  a different  strain  from 
those  whose  operations  in  the  body  it  was  desired  to  counteract.  In 
accordance  with  this  assumption,  and  in  order  to  reduce,  as  far  as  possible, 
the  chances  of  failure,  Aronson  prepared  a serum  by  immunising  a horse 
with  a number  of  different  strains  of  streptococci  derived  from  various 
sources.  The  same  principle  was  followed  out  by  Tavel,  and  subsequently 
by  many  others,  and  an  antistreptococcic  serum  has  actually  been 
produced  from  the  use  of  no  less  than  forty  different  strains  of  streptococci. 
The  results  obtained  with  polyvalent  serum  in  the  treatment  of  scarlet 
fever,  though  falling  short  of  expectations,  have  on  the  whole  proved 
somewhat  more  successful. 

A departure  in  the  right  direction  was  made  by  Moser  of  Vienna, 
who,  in  the  year  1900,  prepared  a serum  from  streptococci  exclusively 
derived  from  the  blood  of  fatal  cases  of  scarlet  fever,  and  claimed 
extremely  good  results ; the  success  of  this  serum  was  also  attested  by 
Escherich.  The  .same  principle  has  been  followed  by  Besredka,  Bujwid, 
Dowson,  and  others  Avith  more  or  less  success.  By  the  courtesy  of 
Dr.  Besredka,  I haA'C  been  enaljled  to  tr}'  his  serum  on  forty-four  cases  of 
septic  scarlet  fever.  The  serum,  prepared  at  the  Institut  Pasteur,  may 
justly  be  described  as  a “ polyvalent  antiscarlatinal  serum,”  seeing  that 
more  than  twenty  separate  strains  of  streptococci  isolated  from  cases  of 
scarlet  fever  were  employed  in  its  preparation.  The  serum  was  only 
given  in  grave  attacks,  attacks,  indeed,  Avhich  my  experience  led  me  to 
think  would  be  likely  to  prove  fatal  under  ordinary  methods  of  treatment. 
The  actual  mortality  amongst  these  forty-four  attacks  Avas  36'3  per  cent, 
a result  Avhich  I regard  as  distinctly  encouraging.  In  some,  the  adminis- 
tration of  serum  appeared  to  bring  about  a rapid  and  striking  improve- 
ment. In  others,  on  the  contrary,  it  did  not  seem  to  luiA'e  any  effect, 
but  I Avas  quite  unable  to  recognise  any  special  indications  by  means  of 
Avhich  one  might  form  an  opinion  as  to  its  probable  success  or  failure. 
It  Avould  seem',  hoAvever,  tliat  early  and  sufficient  dosage  are  of  paramount 
importance.  The  mortality  amongst  seventeen  cases  in  Avhich  the  treat- 
ment Avas  commenced  b}’  the  fourth  daj’  or  earlier  Avas  2 3 -5  per  cent; 
that  amongst  seventeen  cases  treated  on  the  fifth  to  the  seA’^enth  day  Avas 
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35‘2  per  cent;  while  tliat  amongst  ten  cases  treated  on  the  eighth  to  the 
tenth  day  was  50  per  cent.  The  ainonnt  of  scrum  given  at  each  injection 
was  50  C.C.,  repeated  daily,  when  necessary ; the  average  number  of 
injections  being  four. 

In  view  of  the  work  of  Drs.  Klein  and  Mervyn  Gordon,  it  is  interesting 
to  note  that  Palmirski  and  Zebrowski  made  an  extensive  trial  of  a serum 
stated  to  have  been  prepared  exclusively  from  Streptococcus  confjlomeratus 
which  they  succeeded  in  isolating  after  death  in  seventeen  f;Ual  cases  of 
scarlet  fever.  They  used  the  serum  in  about  one  thousand  cases  of 
infantile  scarlatina  in  the  Children’s  Hospital  at  Warsaw,  but  the}’'  only 
record  its  action  in  a hundred  and  thirty-three  severe  attacks.  They  found 
that  in  mild  cases  it  acted  like  a charm ; in  septic  attacks  it  acted  well, 
though  more  slowly ; but  they  are  doubtful  whether,  with  the  exception 
of  nephritis,  it  had  any  protective  influence  against  the  more  common 
complications  of  scarlet  fever.  All  cases  in  w’hich  Streptococcus  conglomerafus 
was  detected  in  the  blood  during  life  p>roved  fatal  and  were  in  no  way 
influenced  by  the  serum.  If  the  criteria  adopted  by  these  observers  for 
the  identification  of  their  organism  as  the  Streptococcus  conglomcratus  be 
above  criticism,  the  striking  and  immediate  efi'ect  of  the  serum  Avhich  they 
report  on  the  mild  cases  has  a bearing  of  no  small  importance  on  the 
claims  advanced  by  Drs.  Klein  and  Gordon  in  favour  of  the  specific  relation 
of  that  organism  to  scarlet  fever. 

In  view  of  the  comparatively  large  doses  of  antistreptococcic  serum 
necessary  (25-50  c.c.),  and  the  desirability  of  repeating  the  injection  on 
several  successive  days  if  the  serum  ajjpear  to  be  doing  good,  as  evidenced 
by  an  almost  immediate,  though  usually  temporary,  fall  of  temperature, 
it  is  always  wmll  to  select  a dift'erent  site  for  each  injection.  The 
liability  to  subsecpient  su2Jpuration  at  the  seat  of  injection  is  much  greater 
than  when  antitoxin  is  similarly  employed  in  cases  of  dijfiitheria.  Even 
greater  care,  if  possible,  should  be  taken  to  render  the  operation  aseptic, 
though  it  is  by  no  means  imjDi'obable  that  the  greater  frequency  of 
abscesses  in  this  class  of  case  is  actually  determined  by  stre^itococci 
already  jn-esent  in  the  circulation. 

2.  General  Treatment. — The  patient  should  be  placed  in  a room  which 
can  be  freely  ventilated,  and,  at  the  same  time,  adequately  warmed. 
This  should  be  effected,  if  possible,  by  means  of  an  open  fire,  the  ingress 
of  fresh  air  being  provided  for  by  keej^ing  the  top  sashes  of  the  windows 
more  or  less  open  both  day  and  night  to  an  extent  proportionate  to  the 
state  of  the  w-eather.  The  air  of  the  room  should  be  kept  as  dry  as 
pos.sible,  and  maintained  at  a temperature  of  from  56°  to  60  F.  A ■warm 
temp»erature  is  of  more  import<ance  during  convalescence  than  it  is  in  the 
acute  stage  of  the  diseiise.  A horse-hair  mattress,  preferably  supporteil 
on  a chain  or  wire-wove  under -mattress,  is  the  best;  and  the  bed- 
clothes should  be  light  but  warm.  During  the  febrile  stage  linen  should 
V^e  worn  next  the  .skin  ; but  when  the  temperature  has  fallen,  flannel 
should  be  substituted,  and  cither  it  or  a woollen  vest  be  worn  throughoui 
the  period  of  convalescence.  The  hygiene  of  the  sick-room,  though 
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important,  does  not  call  for  special  remark,  but  should  be  conducted  on 
rational  principles. 

So  long  as  fever  is  present,  the  surface  of  the  body,  at  any  rate  down 
to  the  hips,  should  be  washed  daily  with  soap  and  Avater,  and  the  action 
of  the  skin  encouraged  by  an  occasional  tepid  sponging,  due  care  being 
taken,  of  course,  to  avoid  unnecessary  exposure  of  the  surface.  It  is 
Avell  to  “ tepid-sponge  ” the  patient  every  evening  as  a matter  of  routine. 
B}'  this  means  not  only  is  the  tension  of  the  skin  lessened  and  the  tem- 
perature somewhat  reduced,  but  restlessness  is  diminished  and  quiet  sleep 
jji’omoted. 

A febrifuge  mixture,  containing  either  liitartrate,  nitrate,  or  chlorate 
of  potash,  and  acetate  of  ammonia,  combined  with  spirits  of  nitrous  ether 
and  a little  syrup  of  orange  or  lemon  peel,  may  be  given  every  few  hours 
with  advantage.  A lemonade,  composed  of  lemon  juice,  bitartrate  and 
chlorate  of  potash  (aa  gr.  iii.-v.  ad  sj.)  and  soda  water,  sAveetened  Avith 
sugar,  forms  a refreshing  and  useful  beverage.  The  boAvels  should  be 
encouraged  to  act  daily  by  means  of  some  mild  laxative ; for  this  purpose 
nothing  is  better  than  compound  liquorice  poAvder,  or  the  confections  of 
senna  and  sulphur.  In  young  children  an  occasional  glycerin  enema 
may  be  sufficient,  and,  in  patients  Avho  are  getting  up,  a glass  of  cold 
AA'ater  taken  first  thing  in  the  morning  may  be  all  that  is  required.  A 
tonic  is  often  indicated  during  convalescence,  preferably  one  containing 
iron,  in  vieAv  of  the  frequent  presence  of  some  degree  of  post-scarlatinal 
antemia.  The  urine  should  be  tested  daily  for  albumin,  especially  during 
the  second  and  third  weeks.  In  order  to  diminish  the  risk  of  renal  com- 
plication, and  to  facilitate  peeling,  frequent  Avarm  baths  should  be  ordered, 
starting  from  the  day  on  Avhich  the  temperature  has  fallen  to  normal ; if 
possible,  they  should  be  given  daily. 

There  is  no  reason  Avhy  the  subjects  of  mild  scarlet  feAmr  should  not 
be  allowed  to  get  up  at  the  end  of  ten  days  or  a fortnight,  provided  no 
complication  has  arisen,  and  due  care  be  taken  to  avoid  chill  or  undue 
exertion.  Young  children,  hoAvever,  may  Avith  advantage  be  kept  in  bed 
for  three  Aveeks  after  the  appearance  of  the  rash,  as  they  are  prone  to 
develop  some  complication  during  this  period.  If  the  Aveather  be  dry, 
and  the  patient  suitably  clad,  a moderate  amount  of  outdoor  exercise  is 
of  distinct  benefit.  In  these  circumstances  he  may  be  alloAved  to  go  out 
after  haAung  been  up  for  tAvo  or  three  days.  If  the  Aveather  be  damp, 
however,  and  the  patient  foolish  enough  to  sit  about,  the  jjractice  is  then 
by  no  means  devoid  of  the  risk  of  renal  or  glandular  complication.  For 
this  reason  young  children,  during  the  e.arly  Aveeks  of  convalescence, 
should  not  be  allowed  to  go  out  of  doors  unattended. 

When  the  period  of  isolation  has  expired,  Avhich,  even  in  the  absence 
of  any  discharge  from  the  nose  or  ears,  should  not  be  less  than  five  or  six 
Aveeks,  a short  residence  in  the  country,  if  possible  at  the  seaside,  Avill  be 
of  permanent  value  after  a severe  attack. 

The  diet  during  the  febrile  stage  should  mainly  consist  of  milk  and 
beaten-up  eggs,  but  the  addition  of  a little  soup,  beef-tea,  mutton-  or 
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chicken-broth,  and  calves’-foot  jelly,  forms  a welcome  variety,  and  will 
do  no  harm.  As  soon  as  the  temperature  has  fallen  a more  solid  diet  is 
permissible ; and  bread  soaked  in  milk,  custard,  milk  puddings,  lightly- 
boiled  eggs,  and  thin  bread  and  butter,  devoid  of  crust,  may  be  added  to  the 
dietary,  provided  the  state  of  the  throat  permits  of  their  being  swallowed 
without  discomfort.  In  the  course  of  two  or  three  days  the  diet  may  be 
extended  so  as  to  include  fish,  jioultry,  or  meat. 

On  purely  theoreticiil  grounds  it  has  been  contended  that  nitrogenous 
food  should  be  withheld  during  early  convalescence  from  scarlet  fever,  in 
order  to  avoid  throwing  too  much  stress  upon  the  kidneys.  I am  able,, 
however,  to  assert  ■with  considerable  confidence  that  no  such  risk  is  found 
in  practice,  and  that  patients  Avill  suffer  no  harm  Avhatever  if  put  on  such 
a dietary  as  I have  described  above.  There  is,  moreover,  no  evidence 
that  nephritis  has  ever  been  induced  by  the  administration  of  a diet 
containing  a moderate  amount  of  nitrogenous  food.  The  desire  of  the 
patient  himself  for  solid  food  is  the  best  criterion  of  its  advisability,  and  it 
may  be  given  Avith  confidence  as  soon  as  he  feels  able  to  SAvalloAv  it  without 
discomfort.  Eipe  and  succulent  fruit  may  be  given  at  all  times  throughout 
the  illness.  It  is  not  only  refreshing,  but  Avholesome. 

When  there  is  much  SAvelling  or  ulceration  of  the  faucial  structures, 
especially  if  attended  Avith  tenderness  and  infiltration  of  the  submaxillary 
lymphatics,  it  may  be  extremely  difficult  to  prevail  upon  the  patient  to 
take  his  nourishment ; and  the  same  thing  is  frequently  true  in  cases  of 
the  toxic  type,  the  patient  being  usually  restless  and  refractory,  if  not 
actively  delirious.  In  such  cases  the  food  should  be  administered  in 
small  quantities,  and  in  as  concentrated  a form  as  possible,  reliance  being 
then  mainly  placed  upon  some  of  the  various  meat-essences,  though 
freshly  prepared  raAv  beef  juice  is  probably  more  valuable.  These,  too, 
are  the  only  cases  in  Avhich  stimulants  are  necessary,  and  even  here  their 
use  should  be  cautiously  regulated.  To  a child  of  five  years  of  age  it 
Avill  be  rarely  necessary  to  give  brandy  in  larger  quantity  than  at  the 
rate  of  half  a teaspoonful  CA^ery  hour.  In  prolonged  cases  of  the  septic 
type,  meat- juice  combined  Avith  alcohol  in  a palatable  form  will  be 
useful.  Deglutition  in  some  cases  becomes  practically  impossible ; it  may 
then  be  necessary  to  pass  a nasal  tube,  or  feed  entirely  by  the  rectum. 

3.  Symptomatic  Treatment. — The  local  treatment  of  the  throat  in  scarlet 
fcA'er  is  of  the  fir.st  importance.  In  mild  attacks,  and  in  those  of  the 
toxic  variety,  nothing  more  is  necessary  than  to  irrigate  the  fauces  CA'ery 
few  hours  A\-ith  some  mild  antiseptic  solution,  such  as  boracic  acid, 
bic-arbonate  of  soda,  sulphurous  acid,  or  Condy’s  fluid,  applied  by  means 
of  either  a syringe  or  spray.  In  adults  the  throat  may  be  gargled. 
Local  di.scomfort  may  be  lessened  by  frequently  sucking  small  pieces  of 
ice,  but  in  some  persons  more  relief  is  obtained  Avhen  the  fluid  nourish- 
ment i.s  taken  as  hot  a-s  it  can  be  borne.  Hot  fomentations  or  a linseed- 
meal  poultice,  proj)crly  made  and  evenly  applied,  should  be  placed  round 
the  throat  in  all  cases  in  Avhich  the  glands  are  enlarged  and  tender.  They 
not  only  considerably  diminish  the  pain  on  SAvalloAving,  but  also  appear 
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to  favour  resolution;  moreover,  if  suijpuration  threaten,  the  ijrocess 
seems  to  bo  hastened  by  their  application. 

In  septic  cases,  however,  in  which  the  tonsils  threaten  to  ulcerate,  or 
are  coated  with  exudation,  more  vigorous  methods  are  called  for.  Here 
it  is  necessary  to  bring  the  diseased  surface  into  as  healthy  a condition  as 
possible  by  means  of  some  more  powerful  antiseptic  solution,  frequently 
used,  and  at  the  same  time  to  cleanse  the  naso-faucial  passages  from 
oSensive  accumulations.  For  this  purpose  nothing  is  better,  if,  indeed, 
so  good,  as  an  acid  solution  of  chlorate  of  potash  containing  a large 
amount  of  free  chlorine.  The  solution  is  prepared  by  pouring  strong 
hydrochloric  acid  upon  powdered  chlorate  of  potash  in  a large  stoppered 
bottle,  and  afterwards  shaking  up  with  water.  The  best  proportions  are 
5 minims  of  the  strong  acid  to  9 grains  of  the  salt,  made  up  to  an 
ounce  with  water.  The  resulting  solution  is  of  a greenish-yellow  colour, 
and  smells  strongly  of  chlorine.  This  is  used  Avith  an  equal  volume  of 
either  hot  or  ice-cold  water,  and  the  fauces  should  be  thoroughly  syringed 
out  every  two  or  three  hours  according  to  the  severity  of  the  local  affec- 
tion, the  syringe  best  adapted  for  the  purpose  being  Avhat  is  knoAvn  as  a 
four-ounce  rubber  enema  bottle,  fitted  Avith  a vulcanite  nozzle.  It  is  best 
to  employ  two  syringes  at  each  operation,  one  being  alloAved  to  fill  itself 
in  a basin  containing  about  a pint  of  the  solution  Avhile  the  other  one  is 
being  used.  By  the  time  the  latter  is  empty  the  other  Avill  be  ready 
charged,  and  there  is  consequently  no  loss  of  time.  This  latter  point  is 
of  considerable  importance  to  the  patient,  as  the  process  is  by  no 
means  pleasant.  This  is  far  the  best  method  of  dealing  Avith  a septic 
throat,  as  the  solution,  Avhich  is  strongly  antiseptic  and  astringent,  is 
injected  in  such  a manner  as  to  clear  the  faucial  passage  of  any  oftensive 
secretion.  No  amount  of  gargling,  spra3dng,  or  SAvabbing  can  compare 
Avith  it  in  point  of  efficacy,  even  if  the  parts  be  reached.  The  patient’s 
head  should  be  held  over  a basin  and  the  mouth  kept  open.  The 
solution  may  be  injected  Avith  some  force,  as  no  harm  can  be  done  by  a 
stream  of  fluid,  but  sufficient  time  must  be  alloAved  for  the  patient  to  get 
a breath  betAveen  each  squeeze  of  the  syringe.  The  relief  obtained  is 
veiy  great,  and  even  }''oung  children,  after  a short  experience,  Avill  often 
willingly  submit  to  its  repetition  in  vieAv  of  the  comfort  AA'hich  folloAvs. 
By  frequently  irrigating  the  diseased  surface  in  this  manner  the  local 
multiplication  of  pyogenetic  and  putrefactive  organisms  is  to  a great 
extent  held  in  check,  and,  consequently,  the  chance  of  an  extension  of 
the  ulceration  is  considerably  lessened. 

HaAung  regard  to  the  tendency  Avhich  exists  for  the  morbid  process 
to  involve  the  naso-phaiynx  also,  as  evidenced  by  the  frequent  occurrences 
of  rhinorrhcea,  it  is  Avdse  to  irrigate  the  nasal  passages  as  Avell.  If  a 
solution  of  chlorine  be  employed  for  the  purpose,  this  should  be  used 
in  more  diluted  form,  or  one  of  boric  acid,  Condy’s  fluid,  or  salt  may 
be  substituted,  as  being  less  irritating.  If  a syringe  be  used  for  av  ashing 
out  the  nasal  passages,  the  fluid  should  be  injected  very  gently,  since 
there  is  a risk  of  driving  inflammatory  products  up  the  Eustachian  tube. 
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and  setting  up  inHammation  of  the  middle  ear  if  undue  force  be  employed. 
In  unskilled  hands  a nasal  douche  is  best  adapted  for  the  purpose. 

Dr.  A.  K.  Gordon,  of  the  Monsall  Fever  Hospital,  is  of  opinion  that 
the  daily  use  of  a douche  to  the  throat  and  nose  in  the  acute  stage  of 
scarlet  fever  helps  to  prevent  otorrhcea,  and  he  recommends  the  emplo}^- 
ment  of  sterilised  water  for  this  purpose.  I am  not  convinced  of  the 
necessity  for  this  in  mild  attacks  when  the  nasal  passages  are  free  and 
unobstructed,  but  in  young  children  whose  naso-pharynx  is  blocked  Arith 
adenoids,  I believe  the  practice  to  be  of  prophylactic  value.  Persistent 
and  intractable  rhinorrhoea  is  in  most  cases  due  to  the  presence  of  adenoids, 
and  their  removal,  even  in  the  early  convalescent  stage,  is  followed  by  the 
best  results. 

If  the  cellular  tissue  in  the  submaxillary  or  cervical  region  become 
the  seat  of  brawny  infiltration,  it  is  better  at  once  to  make  several  free 
incisions  into  the  part  aftected,  rather  than  to  wait  for  the  appearance  of 
definite  suppuration.  This  not  only  relieves  pain  and  tension,  but  at  the 
same  time  provides  an  escape  for  the  pent-up  inflammatory  products.  In 
such  cases  the  presence  of  actual  suppuration  is  often  very  difficult  to 
determine  ; indeed  it  may  be  absent  altogether.  Frequently,  however, 
an  abscess  forms  under  the  sterno-mastoid  or  beneath  the  cervical  fascia. 
This  should  be  opened  at  once  and  a drainage-tube  inserted.  Afterwards, 
hot  fomentations  of  boracic  or  carbolic  acid  should  be  applied,  and  changed 
frequently. 

Insomnia,  restlessness,  and  delirium  are  usually  associated  with  a high 
temperatiu-e.  For  their  relief  recourse  should  be  had,  in  the  first  jilace, 
to  cold,  or  tepid,  sponging.  If  this  fail,  opium,  sulphonal,  trional,  or 
chloralamide  may  be  tried  in  doses  proportionate  to  the  patient’s  age. 
Sponging  is  frequently  beneficial,  but  should  be  used  with  caution  after 
the  middle  of  the  second  week,  when,  if  albuminuria  be  present,  its 
emplo^Tnent  is  contra-indicated. 

The  treatment  of  hyperpyrexia  is  usually  unsatisfactory,  and  most 
cases  are  ultimately  fatal.  A cold,  pack  should  be  tried,  and  its  effect 
carefully  watched.  Of  all  drugs,  antifebrin,  in  two  to  five  grain  doses, 
is  the  best.  The  dose  may  be  repeated  in  four  hours  if  the  temperature 
has  again  risen.  Xo  other  drug  appears  to  be  of  equal  service,  and  the 
combination  of  antifebrin  ■with  the  wet  pack  is  sometimes  of  great  value. 
The  use  of  the  graduated  bath  in  scarlatinal  hypei-pyrexia  is  recom- 
mended by  some  physicians,  but  in  my  hands  the  remedy  has  not  proved 
very  .satisfactorj’.  The  temperature  of  the  -water  at  starting  should  be 
about  90’  F.,  and  this  should  be  rapidly  reduced  until  the  body-heat  has 
fallen  to  about  101°. 

Diarrhcea,  appearing  early  in  the  illness,  had  better  bo  left  to  itself ; 
but  when  it  complicates  the  late  stage  of  a severe  attack,  it  must  not  bo 
neglected.  In  such  cases  Dover’s  powder  is  often  useful,  especially  when 
combined  with  equal  parts  of  bismuth  subnitrate  and  salicylate  of  soda.  A 
pf>wder  containing  two  grains  of  each  may  be  given  to  a chihl  of  five,  and 
can  be  repeated  in  four  to  six  hours  if  necessary. 
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Tlio  treatment  of  the  recognised  complications  of  scarlet  fever  is 
important.  Some  years  ago,  while  testing  upon  a series  of  cases  the  value 
of  decoction  of  cinnamon — for  which  an  abortive  action  had  been  claimed 
by  Dr.  Came  Eoss,  in  cases  coming  under  treatment  at  a sufficiently  early 
date — I was  surprised  to  find  a considerable  reduction  in  the  incidence  of 
some  of  the  more  common  complications  of  the  disease.  Indeed,  in  a 
series  of  200  consecutive  cases  which  were  put  under  this  treatment 
within  twenty-four  hours  of  the  appearance  of  the  rash,  the  incidence  of 
adenitis,  rheumatism,  nephritis,  and  all:)uminuria  was  found  to  be  about 
50  per  cent  below  the  average.  The  general  death-rate,  however,  shewed 
no  reduction. 

Otitis. — The  earache,  which  in  some  degree  is  very  often  present  at  an 
early  stage,  should  be  treated  by  gently  irrigating  the  affected  ear  with 
water  as  hot  as  it  can  be  borne.  After  this  a few  minims  of  laudanum 
or  glycerin  of  carbolic  acid,  previously  warmed,  may  be  dropped  into  the 
canal,  and  a hot  fomentation  of  opium  or  belladonna  applied  externally. 
The  instillation  of  a few  drops  of  a 5 per  cent  solution  of  cocaine  in  licpror 
atropinsB  will  sometimes  quickly  give  relief  when  the  former  remedies 
have  failed.  Now,  although  from  a surgical  point  of  view  it  may  be 
desirable  to  incise  the  membrana  tympani  directly  the  drum  shews  any 
sign  of  bulging,  in  the  young  children  who  are  almost  invariablj’’  the  sub- 
jects of  the  acute  scarlatinal  affection  tlie  external  canal  is  usually  so  tender, 
and  its  calibre  so  small,  that  not  only  is  the  passage  of  the  speculum 
extremely  painful,  but  a satisfactory  inspection  is  A'^ery  difficult.  If  the 
membrane  ruptui’e  spontaneously  (which  it  usually  does  in  a short  time), 
it  is  doubtful  whether  any  harm  results  from  neglect  of  this  procedure 
provided  the  after-treatment  be  carefully  carried  out.  In  many  instances 
the  early  appearance  of  the  discharge  Avill  anticipate  surgical  interference  j 
indeed,  more  often  than  not,  it  is  the  first  sign  of  the  affection.  AVhen 
otorrhoea  is  once  estaljlished  it  is  of  paramount  importance  to  keep  the 
middle  ear  as  aseptic  as  possible.  AVith  this  object  the  ear  should  be 
carefully  syringed  every  three  or  four  hours  Avith  some  antiseptic  solution  ; 
the  canal  should  then  be  dried,  and  a small  piece  of  cyanide  or  alembroth 
AA'ool,  sprinkled  AAuth  iodoform,  inserted  in  the  meatus.  A good  lotion  to 
employ  is  a saturated  solution  of  boracic  acid  or  one  containing  a mixture 
of  equal  parts  of  glycerin  of  carbolic  acid  and  glycerin  of  borax,  in  the 
proportion  of  half  a drachm  of  each  to  the  ounce  of  AA'ater.  If,  after  a feAv 
AA^eeks’  treatment,  the  discharge  do  not  markedly  diminish,  it  is  aclA'isable  to 
change  the  solution  for  some  other  possessing  more  astringent  properties. 
A good  substitute  is  a lotion  of  carbolic  acid,  1 in  40,  contoining  also  tAvo 
grains  to  the  ounce  of  either  sulphate  of  zinc  or  sulphate  of  copper,  A'aried 
occasionally  by  the  use  of  a Aveak  solution  of  cyllin.  If  the  peifoiation 
in  the  drum  be  large,  a few  grains  of  iodoform  may  be  bloAvn  up  the 
meatus  after  syringing,  more  especially  if  the  dischai’ge  be  very  offensive. 
At  a later  stage  a fcAv  drops  of  dilute  rectified  spirit  can  be  instilled  into 
the  ear  occasionally,  the  strength  being  gradually  increased. 

The  occurrence  of  pain  and  tenderness,  accompanied  by  redness  and 
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swelling  over  the  mastoid  bone,  arc  indicative  of  the  presence  of  a mastoid 
abscess.  This  is  usuallv  attended  M’ith  pyre.xia  of  some  degree.  For 
its  relief  a vertical  incision  should  bo  made  right  down  to  the  bone, 
immediately  behind  the  ear,  taking  care  to  divide  the  periosteum.  In 
this  way  a siiVperiosteal  collection  may  be  relieved,  though  usually  the 
amount  of  pus  is  small  and  may  easily  escape  detection.  The  bone 
always  feels  rough  to  the  probe,  though  it  may  be  distinctly  carious,  in 
which  case  pus  is  usually  present  in  the  mastoid  antrum.  In  these 
circumstances  anthrectomy  should  be  performed,  any  granulation-tissue 
found  in  the  cavity  removed,  and  free  drainage  provided  for  the  middle 
ear  bj"  at  the  same  time  enlarging  both  the  communication  between  the 
antrum  and  tympanic  attic  and  the  perforation  in  the  membrana  tympani. 
Occasionally,  the  only  sign  of  mastoid  suppuration  is  the  persistence  of 
otorrhma  with  irregular  pyrexia,  or  the  sudden  occurrence  of  facial 
paralysis. 

In  view  of  the  serious  risk  of  infection  spreading  to  the  lateral  sinus, 
brain,  or  meninges,  every  case  in  which  sujJiJuration  within  the  mastoid 
bone  is  suspected  should  be  at  once  submitted  to  ojieration,  and,  indeed, 
it  is  a question  whether  it  is  not  wiser,  having  regard  to  the  risk  of 
involvement  of  the  mastoid  cells,  to  provide  free  drainage  by  opening  the 
mastoid  antrum  in  all  cases  in  which  an  otorrhoea  has  persisted  for  several 
months,  and  proved  refractory  to  ordinary  treatment.  This  is  especially 
important  in  cases  where  the  discharge  is  distinctly  offensive,  or  when 
the  presence  either  of  granulations  or  carious  bone  can  be  detected  in  the 
middle  ear.  Such  cases  nearly  always  require  the  complete  mastoid 
operation.  By  this  means  not  only  will  ultimate  danger  to  life  through 
extension  of  the  disease  be  averted,  but  cure  is  likely  to  be  more  rapid, 
and  with  less  chance  of  complete  loss  of  hearing.  For  information  as  to 
the  details  of  the  particular  operation  which  may  be  indicated  in  different 
cases,  a work  dealing  with  the  surgery  of  the  mastoid  region  should  be 
consulted.^ 

Adenitis. — This  affection,  when  recognised  at  an  early  stage,  is  best 
treated  by  the  application  of  a lihseed-meal  poultice,  by  which  means 
resolution  seems  to  be  favoured.  If  suppuration  occur  the  abscess  should 
Ije  at  once  opened  and-  a drainage-tube  inserted.  "Warm  dressings  of 
boracic  or  carbolic  acid  should  then  be  applied,  and  frequently  changed. 

llhev.m<'.tism.—\\\  most  ca.ses  the  local  application  of  opium  or  chloro- 
form and  belladonna  liniment  will  be  sufficient.  The  painful  joints 
should  be  surrounded  with  warm  cotton-wool,  and  a flannel  bandage 
applied,  while  the  affected  limbs  are  supjiorted  in  as  comfortable  a 
position  as  po.ssible  bj'  means  of  pillows.  If  the  joint  affection  be  severe, 
and  in  those  rare  instances  in  which  the  cardiac  structures  become  in- 
volved, the  free  use  of  the  salicylates  will  be  attended  with  the  best 

‘ An  excellent  description  of  the  oi)erations  rcfeiTcd  to,  and  of  that  necc.ss.wy  for  the 
relief  of  septic  thrombosis  of  the  lateral  sinus,  will  bo  found  in  Sir  ^\  , MacEweu  s work  ou 
the  l‘yiitjtnic  Jtiseaset  of  the  Jiruhi  and  Sj/inal  Cord,  published  by  J.  JIaclehose  ami  Sous, 
Okasgow. 
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results,  nor  is  there  any  reason  to  believe  that  their  administration  ever 
affects  the  kidneys  injurious!}'.  If,  however,  one  or  more  of  the  joints 
remain  swollen  and  tender  for  any  length  of  time,  and  the  temperature 
show  no  reduction  under  full  doses  of  salicylate  of  soda  or  aspirin,  a little 
fluid  should  be  withdrawn  from  the  joint,  by  means  of  an  aseptic  hypo- 
dermic syringe,  and  examined.  If  it  be  purulent  the  joint  must  be  opened, 
under  strict  aseptic  conditions.  . A small  incision  should  be  made  into  it 
on  each  side,  and  as  the  fluid  escapes  the  joint  should  be  irrigated,  even 
to  the  point  of  distension,  with  a 1 in  2000  solution  of  corrosive  sublimate. 
This  should  be  allowed  to  escape,  and  the  openings  closed  by  means  of  a 
small  piece  of  antiseptic  gauze  soaked  in  collodion.  Firm  but  elastic 
pressure  should  then  be  exerted  upon  the  joint  by  means  of  a bandage 
tightly  applied  over  several  layers  of  cyanide  wool,  and  the  limb  placed 
upon  a splint.  In  many  cases  I have  found  this  treatment  entirely 
successful,  no  reaccumulation  of  pus  having  ensued.  Gentle  pas.sive  move- 
ment was  allowed  at  the  end  of  two  or  three  weeks,  and  a sound  joint  was 
the  result.  This  sub-pyremic  condition  seems  invariably  to  have  super- 
vened upon  an  affection  which,  though  originally,  as  far  as  could  be  seen, 
rheumatic,  did  not  prove  amenable  to  the  action  of  the  salicylates. 

Nephritis  and  Albuminuria. — When  the  renal  inflammation  takes  an 
acute  form,  as  evidenced  by  the  severity  of  the  constitutional  disturljance 
and  the  degree  of  urinary  suppression,  the  treatment  should  be  mainly 
directed  towards  the  encouragement  of  a free  action  of  the  other  excretories 
— tlie  skin  and  bowels — and  towards  lowering  the  arterial  blood-pressure. 
With  these  objects  in  view  a hot  air  or  steam  bath  should  be  given  daily. 
Free  perspiration  may  be  assisted  if  necessary  by  means  of  frequent 
draughts  of  cold  water.  Some  purgative  also,  calculated  to  produce 
copious  watery  evacuations,  should  be  given  in  full  doses ; and  for  this 
purpose,  either  sulphate  of  magnesia  or  soda,  or  the  compound  powders  of 
jalap,  elaterium,  or  scammony,  may  be  employed.  The  bowels  .shotild  be 
kept  loose  by  repeating  the  dose,  if  necessary  daily.  Wet-cupping  the 
loins  to  the  extent  of  several  ounces  may  be  of  service  in  cases  in  which 
the  suppression  is  nearly  complete,  but  the  employment  of  dry-cupping, 
or  the  application  of  iroultices  to  the  loins,  is  practically  useless.  The 
hot  air  or  steam  bath  is  especially  indicated  when  the  skin  acts  badly,  and 
when  there  is  obvious  anasarca  j and  in  these  cases  a diaphoretic  mixture 
containing  acetate  of  ammonium,  nitrate  of  potash,  and  spirits  of  nitrous 
ether  may  be  given  every  three  or  four  hours. 

The  diet  should  consist  of  milk  only,  prefei’ably  diluted  with  socla-, 
lime-,  or  barley-water ; and  lemonade  may  be  given  freel}'.  The  vomiting 
may  2)rove  very  troublesome,  in  which  case  the  milk  should  be  pejjton- 
ised,  and  administered  in  small  quantities.  Though  drugs  are  not 
usually  of  much  service,  the  retching  may  sometimes  be  controlled  by 
drop  doses  of  tincture  of  iodine  given  hourly  in  a teaspoonful  of  water. 

Most  cases  of  scarlatinal  nephritis  will  progress  favourably  under 
the  above  treatment.  The  re-establishment  of  the  urinary  excretion, 
attended  by  a fall  in  the  blood-pressure,  the  disappearance  of  oidema, 
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aiul  a normal  temperature,  are  the  signs  to  be  looked  for.  In  these 
circumstances,  if  the  vomiting  have  ceased,  the  diet  may  be  gradually 
extended  so  as  to  include  bread  and  butter,  farinaceous  pudding.s,  and 
white  fish.  Now  is  the  time  at  which  iron  in  some  form  is  most  useful, 
and  none  is  better  than  the  tincture  of  the  porchloride  given  in  10-15 
minim  doses  three  or  four  times  in  the  twenty-four  hours. 

When  the  case  has  so  far  progressed  that  no  signs  of  nephritis 
remain  (other  than  slight  albuminuria,  and  a certain  degree  of  ancemia), 
the  inclusion  of  a couple  of  boiled  eggs  in  the  dietary  will  be  bene- 
ficial. This  will  help  to  replace  the  albumin  which  is  constantly  being 
passed  in  the  urine ; and  under  the  influence  of  an  appreciable  amount 
of  coagulated  proteid  and  the  free  administration  of  iron  a 2>atient 
will  usually  i^ut  on  flesh  and  gain  colour  with  greater  rapidity.  If  at 
any  time  urtemia  threaten,  as  shewn  by  drowsiness,  headache,  vomiting, 
and  (more  important  still)  the  slightest  suspicion  of  muscular  twitching, 
the  most  energetic  measures  are  called  for  at  once.  Then,  one  or  two 
drops  of  croton  oil,  floated  in  a teaspoonful  of  milk,  should  be  given 
immediately ; the  body,  well  covered  with  blankets,  should  be  at  once 
placed  in  a hot  air  or  steam  bath,  and  ^ to  grain  of  pilocarpine  injected 
subcutaneously.  If  the  arterial  pressure  be  high,  grain  of  nitro- 
glycerin may  be  given ; or  better  still,  the  patient  should  be  bled,  the 
amoimt  of  blood  being  regulated  by  the  effect  produced  upon  the  pulse. 
The  case  must  be  carefully  watched,  and  if  the  breathing  become 
embarrassed,  through  spasm  of  the  glottis  or  respiratory  muscles,  chloro- 
form should  be  administered  forthwith.  A few  whiffs  will  frequently 
relieve  the  respiratory  spasm  and  consequent  cyanosis.  It  should  be 
repeated  as  often  as  may  be  required.  By  its  use  not  only  is  an  imme- 
diate danger  removed,  but  time  is  given  for  the  other  remedies  to  act. 
!Most  cases  of  urremic  concisions  can  be  saved  by  energetic  and  judicious 
treatment. 

The  onset  of  acute  pulmonary  oedema  is,  in  my  experience,  invari- 
ably fatal.  Venesection  would  appear  to  hold  out  the  best  prospect, 
and  digitalis  should  always  be  tried  Avith  the  object  of  contracting  the 
pidmonary  capillaries.  During  the  acute  stage  of  nephritis,  and  for  a 
week  or  two  afterwards,  the  patient  should  be  kept  between  blankets, 
nor  .should  he  be  alloAA’ed,  in  any  circumstances,  to  get  up  for  at  least  a 
month  from  the  onset  of  the  affection.  He  should  in  all  cases  be  kept 
strictly  confined  to  bed  until  the  amount  of  albumin  has  fallen  to  a trace, 
and  flannel  should  constantly  be  Avorn  next  the  skin,  not  only  throughout 
convalescence,  but  for  several  months  aftenvards. 

If  the  patient  has  been  getting  up  for  a Aveek  or  tAvo,  gentle  out-of-door 
exercise  may  be  alloAved  in  (Inj  Aveather.  This,  if  the  body  bo  Avarmly 
clad,  Avill  be  of  distinct  benefit,  even  though  a trace  of  albumin  remain. 
A few  Aveek.s’  change  at  the  seaside  Avill  in  most  cases  conqflete 
recovery. 

Persistent  albuminuria,  of  more  than  three  or  four  months’  standing, 
j»robably  always  points  to  permanent  impairment  of  at  least  some  portion 
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of  the  renal  tissue.  In  these  cases  residence  in  a warm,  dry  climate,  and 
extreme  care  in  respect  to  both  habits  aiid  diet,  are  to  be  i-ecommended. 

Ulcerative  Stomatitis. — In  mild  cases  nothing  more  is  required  than  to 
s)'-ringe  out  the  mouth  every  few  hours  with  a solution  of  chlorine, 
Condy’s  fluid,  or  corrosive  sublimate,  and  to  paint  the  affected  surface 
occasionally  with  glycerin  of  borax  or  nitrate  of  silver.  The  teeth 
should  be  kept  carefully  cleansed,  and  any  carious  stumps  removed.  In 
those  exceptionally  severe  cases  which  are  known  by  the  name  of 
“ Noma,”  the  diseased  and  sloughing  surface  should  without  loss  of  time 
be  scraped  thoroughly  with  a curette,  and  fuming  nitric  acid  afterwards 
freely  applied.  This  operation  may  usually  be  done  under  cocaine,  but 
in  the  worst  class  of  case,  or  in  those  which  have  not  come  early  under 
treatment,  the  disease  may  be  so  extensive  that  a general  antesthetic  may 
be  required.  After  operation  the  inside  of  the  mouth  should  be  brushed 
over  with  olive  oil,  and  periodically  syringed  out  with  some  antiseptic 
lotion.  If  after  forty-eight  hours  the  disease  be  seen  to  be  extending  at 
any  point,  the  affected  part  should  again  be  destroyed.  Excision  of  the 
parts  will  rarely  be  required  if  the  case  be  got  under  treatment  sufficiently 
early. 

Tonsillitis  and  Bronclwimeumonia. — The  treatment  of  these  affections 
presents  no  special  feature,  and  should  be  conducted  on  ordinary  lines. 

F.  Foord  Caigek. 
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CHICKEN-POX 

By  John  MacCo.mbie,  M.D. 

Synonyms. — Varicella,  Variola  crystallina,  Crysfalli;  Ger.  TVasserpocken, 
Varicellen,  JVindpocken,  etc. ; Fr.  Varicelle ; Ital.  Varicella. 

A SPECIFIC  infectious  disease  characterised  by  a vesicular  eruption  which 
usualh”  appears  in  successive  crops. 

Chicken-pox  was  long  confounded  with  small-pox,  but  since  Fuller  in 
1730  and  Heberden  in  1767  differentiated  the  two  diseases  no  authority 
of  eminence,  except  Hebra,  has  affirmed  their  identity.  The  strongest 
jioints  in  support  of  their  non-identity  are  that  neither  chicken-pox  and 
small-pox  nor  chicken-pox  and  vaccinia  are  mutually  jjrotective,  and  that 
chicken-pox  breeds  true.  Several  instances  have  come  under  my  observa- 
tion of  vaccinated  children  between  three  and  six  years  of  age  who 
suffered  from  chicken-pox,  contracting  small-pox  after  a short  residence  in 
a small-pox  ward ; and  I have  r^accinated  with  success  numbers  of 
unvaccinated  children  suffering  from  chicken-pox. 

Chicken-pox  arises  solely  from  contagion,  by  direct  contact  with  the 
sick,  by  the  air  for  a short  distance,  by  third  persons  handling  the  sick, 
or  by  means  of  infected  articles.  Many  investigators  have  tried  to 
inoculate  chicken-pox,  but  ivith  the  exception  of  Hessa  and  Steiner,  who 
state  that  they  have  done  so  rvith  success,  all  have  failed.  In  my  experi- 
ence it  is  a highly  contagious  disease— its  infectivity  being  nearly,  if  not 
quite,  equal  to  that  of  small-pox.  It  prevails  occasionally  in  epidemic 
fonn,  but  is  mostly  endemic.  Its  highest  seasonal  prevalence  is  perhaps 
in  autumn.  Insusceptibility  to  its  contagium  is  not  uncommon,  and  one 
attack  usually  protects  for  life.  Second  attacks  have  been  recorded  by 
Trousseau  and  others,  but  they  are  quite  rare.  A week  or  two  only  may 
elapse  between  the  primary  and  second  attacks.  Such  cases  might,  how- 
ever, be  more  correctly  termed  relapses.  Some  German  physicians  have 
noted  third  attacks.  I have  not  seen  a second  attack.  It  is  a disease  of 
children  mostly,  but  it  occurs  not  infrequently  in  adults,  even  old  age  not 
)>eing  exempt.  I have  seen  seven  ca.scs  in  persons  over  thirty  ; one  of 
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these  was  a woman  aged  seventy-one.  The  age  of  maximum  incidence  is 
from  one  to  six  years,  but  it  often  occurs  in  infants  under  twelve 
months.  Both  sexes  are  equally  liable. 

Morbid  Anatomy. — The  vesicle  is  formed  by  an  exudation  of  serum 
raising  a thin  layer  of  horny  epidermis.  The  serum,  at  first  clear,  in  some 
cases  a pale  straw  colour,  becomes  turbid  later  on  owing  to  the  presence  of 
a few  leucocytes,  which  are  sometimes  present  in  such  large  numbers  that 
it  becomes  purulent.  Unna,  in  his  description  of  a conical  chicken-pox 
lesion,  says  that  it  has  a tent  form,  the  lateral  walls  rising  obliquely  from 
a broad  base  towards  the  centre  of  the  covering  which  is  formed  by  a few 
stretched  horny  scales.  Cellular  partitions  radiate  downwards  from  the 
covering,  contrasting  with  the  small-pox  lesion  in  which  the  partitions 
radiate  from  a central  point  on  the  floor  of  the  pock.  The  cavity  proper 
of  the  chicken-pock  is  limited  below  by  the  deeper  strata  of  the  prickle 
layer.  In  the  middle  line  the  cavity  extends  deeper,  to  the  level  of  the 
papillae,  which,  swollen  and  enlarged,  and  covered  only  with  one  or  two 
layers  of  altered  epithelium,  project  into  the  cavity.  The  acuteness 
which  distinguishes  the  varicellous  process  is  evident  in  the  relatively 
large,  slightly  septate  cavities,  due  to  the  rapid  distension  of  a few 
liquefied  cells.  The  thin  covering  and  superficial  position  of  the  vesicle 
result  from  its  rapid  formation.  Notwithstanding  its  appearance  the 
vesicle  is  not  unilocular. 

Baeteriologry. — Bareggi  described  an  ovoid-shaped  micrococcus  in  the 
white  blood -corpuscles  on  the  fifth  day  of  the  disease,  by  inoculating 
cultures  of  which  he  has  communicated  chicken-pox  to  children.  Guttmann 
isolated  white  and  yellow  staphylococci,  and  a coccus  which  did  not 
licj[uefy  gelatin,  and  shewed  a yellow  growth,  but  none  of  these  are 
j^athogenetic.  Bille  affirms  that  micro-organisms  are  less  numerous  in 
the  suppurating  vesicles  than  in  the  others,  and  Pfeiffer  describes  protozoa 
as  ijresent  in  the  vesicular  fluid  (Guinon).  De  Kort6  has  found  in  the  clear 
vesicular  serum  large  numbers  of  unicellular  elements — protozoa — which 
on  a w.arm  stage  shewed  amoeboid  movements.  He  regards  these  as  the 
causal  organisms  of  the  disease. 

Ineubation-Period. — Of  the  older  authorities  some  maintained  it  to 
be  less  than  a week  (four  to  six  days),  others  a week  to  fourteen  days ; 
the  most  recent  observations  go  to  prove  that  it  varies  between  the 
extremes  of  eleven  and  twenty-one  days,  fourteen  days  being  admittedly 
the  most  common.  I have  not  seen  it  less  than  thirteen  or  longer  than 
seventeen  days.  If  inoculated,  the  incubation-period  is  stated  to  be  ten 
days.  No  cases  of  chicken-pox  in  utero  have  been  recorded;  but 
Hubbard  records  a case  of  a baljy  that  manifested  chicken-pox  the  day 
after  its  birth,  when  the  characteristic  vesicles  appeared,  followed  next  day 
by  a second  crop.  The  mother  was  not  suftering  from  chicken-pox,  but 
her  six  other  children  were.  In  this  case,  either  the  child  contracted 
the  disease  in  utero,  or  the  incubation-period  was  one  day. 

Clinical  Picture. — Initial  symptoms.— lv\  children  these  are  usually 
absent,  or  are  so  slight  that  they  escape  notice,  but  not  infrequently  the 
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child  is  observed  to  be  fretful  for  a few  hours  before  the  appearance  of 
the  eruption,  and  there  may  be  slight  rigors  with  rise  of  temperature  to 
99°-100^  F.,  and  some  loss  of  apjietite  and  perhaps  vomiting.  In  rare 
cases  the  attack  is  ushered  in  by  severe  symptoms,  such  as  delirium, 
convulsions,  coma,  with  or  without  pyrexia.  Thomas  records  a case  M’ith 
a temperature  of  10G°  F.,  and  an  initial  general  erythema.  Others  have 
noted  a scarlatiniform  initial  eruption  a few  hours  before  or  on  the  day 
preceding  the  vesicular  eruption.  I have  met  with  a case,  a girl  of  seven 
veal’s  of  age,  shewing  a bright  red  erythema  with  numerous  urticarial 
wheals.  The  rash  came  out  twenty-four  hours  before,  persisted  till 
shortly  after  the  appearance  of  the  characteristic  chicken-pox  eruption, 
and  was  unaccompanied  by  any  symptoms  of  illness.  In  hjemorrhagic 
cases  there  is  slight  rise  of  temperature  for  two  or  three  days  before  the 
eruption  appears ; repeated  hcematemesis  and  hfemorrhage  from  the  bowel 
may  occur,  followed  by  collapse  and  subnormal  temperatm’e ; hemorrhages 
may  appear  in  the  skin.  In  adults  it  is  not  unusual  to  find  initial 
symptoms  of  headache,  backache,  slight  rigors  and  malaise,  lasting  for 
one,  two,  three,  or  more  days  before  the  appearance  of  the  eruption,  with 
or  mthout  rise  of  temperature. 

Eruption. — In  children,  when  initial  symptoms  are  absent,  the  presence 
of  the  eruption  first  attracts  attention.  It  may  all  appear  at  once, 
and  will  then  probably  not  be  abundant.  But  in  a very  large  majority 
of  the  cases  successive  crops  appear  from  day  to  day,  usually  on  not 
more  than  fom',  five,  or  six  successive  days,  sometimes  on  as  many 
as  ten,  with  perhaps  one  or  two  days  intermitted ; the  second  and 
thii’d  crops  are  often  more  abundant  than  the  first.  Usually  there  are 
not  more  than  two,  three,  or  four  crops  of  eruption.  Almost  invariably 
it  first  appears  on  the  back,  chest,  and  abdomen,  but  occasionally 
first  on  the  face  or  hmbs.  It  consists  of  small  rose-coloured  macules 
which  fade  when  the  sldn  is  stretched  : in  outline  they  are  irregularly 
circular  or  elongated,  their  shape  not  infrecpiently  foreshadovung  that  of 
the  subsequent  vesicles.  Occasionally  they  attain  almost  the  size  of 
blotches.  In  the  course  of  a very  short  time — an  hour  or  two  usually — the 
lesions  are  raised  and  slightlj’-  hard — not,  as  a rule,  the  well-defined  hard- 
ness of  small-pox  papules,  but  a diffuse  hardness ; and  many  are  faintly 
acuminated  in  the  centre  when  the  vesicle  is  just  beginning  to  form. 
Some  of  the  smaller  papules,  however,  become  hard  and  more  or  less 
“ shotty.”  The  lesion  is  usually  superficial,  being  more  on  the  skin  than 
in  it,  as  is  the  case  in  smaU-pox.  Lesions  of  the  same  age  shew,  in 
many  cases,  great  disparity  in  their  evolution.  Some  of  the  macules 
never  emerge  from  the  macular  stage,  but  fade  in  the  course  of  twenty- 
four  hours ; others  become  papules,  subsiding  after  a day  or  two ; 
while  a few  shew  minute  vesiculation,  and  others  become  full-sized 
vesicles.  After  the  appearance  of  successive  crops  the  eruption  is  present 
in  all  its  stages ; macules,  papules,  clear  shining  vesicles,  desiccating 
unruptured  vesicles,  and  crusts.  The  vesicles,  which  are  often  smaller 
than  the  rose-coloured  macules,  arise  as  a rule  in  the  central  ])ortion  of 
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the  papulo-macules.  At  the  limit  of  their  growth,  which  may  be  attained 
in  from  six  to  twenty-four  or  thirty-six  hours,  they  are  circular  or  of 
an  elongated  dome-shape  and  filled  by  clear  serum.  They  are  trans- 
parent, shining,  tense,  and  collapse  if  pricked  and  their  contents  pressed 
out.  They  are  often  encircled  by  a pink  or  red  areola,  which  may  be 
broad  and  irregular  in  outline,  and  is  usually  narrower  on  the  face  and 
e.xtremities  than  on  the  trunk.  The  characteristic  vesicle  is  not  de- 
pressed in  the  centre  ; occasionally,  however,  some  vesicles  shew  a minute 
central  depression.  If  circular,  the  vesicles  vary  in  size  from  that  of  a 
small  pin’s  head  to  a fair-sized  pea  ; if  oval  or  elliptical,  their  long  diameter 
measures  about  three-sixteenths  to  three-eighths  of  an  inch.  When  the 
vesicle  ruptures,  the  whole  of  the  fluid  may  escape  and  the  walls  collapse  : 
if  only  a portion  escape,  the  central  part  of  the  vesicle  collapses  more 
completely  than  the  periphery ; a minute  crust  forms  in  the  centre  at 
the  point  of  rupture,  the  vesicle  then  shewing  a central  depression.  !Many 
of  the  vesicles  get  ruptm-ed  b}'-  scratching  or  other  forcible  means ; but 
some  large  and  many  small  ones  desiccate  unruptured,  forming  rounded, 
light  to  dark  brown  prominences  of  various  sizes,  not  unlike  the  un- 
ruptured desiccating  vesicles  of  small-pox ; the  desiccated  contents  and 
epidermis  fall  off  at  periods  varying  from  five  or  six  days  to  two  or  three 
weeks,  exposing  a reddened,  flat,  or  slightly  indented  epidermis  on  which 
some  desquamation  takes  place. 

Many  vesicles  soon  after  rupture  increase  in  size,  shewing  puckered 
margins,  purulent  contents,  and  red  areolae  ; inflammation  and  ulceration 
take  place  underneath,  often  extending  considerably  beyond  the  original 
limits  of  the  vesicle.  Dirty  yellow  or  blackish  impetiginous  crusts  form 
and  come  away  at  periods  varying  from  about  a week  to  ten  days  or 
longer,  often  leaving  an  ulcerated  surface  with  a central  excavation.  The 
ulceration  heals  quickly  as  a rule,  but  the  skin  remains  reddened  for  a 
considerable  time,  and  more  or  less  permanent  pitting  results  in  many 
cases.  Ulceration  is  more  frequent  in  children  than  in  adults,  and  on 
the  face  and  trunk  than  on  the  limbs. 

Most  vesicles  rupture  while  the  contents  are  clear,  but  some  remain 
unruptured,  the  serum  becoming  cloudy,  or  puriform,  but  rarely  so 
frankly  purulent  as  in  small-pox.  In  some  few  cases  of  chicken-pox  very 
little  fluid  exudes  into  the  vesicles,  in  which  case  they  are  raised,  flat, 
and  M'hite  in  appearance,  not  unlike  a small  empty  blister. 

The  vesicles  on  the  hands  and  feet  are  almost  invariabl,)^  small, 
circular,  hard,  contain  a little  fluid,  only  in  the  rarest  instances  shew  a 
central  depression,  and  are  often  indistinguishable  from  the  vesicles  of 
modified  small-pox ; those  on  the  foi’earms  and  legs  often  have  these 
characters,  and,  if  the  eruption  be  copious,  some  of  those  on  the  trunk 
likewise.  The  vesicles  may  not  exceed  a dozen,  or  there  ma}'  be  some 
hundreds,  and  in  confluent  cases  several  thousands.  Often  there  are  50 
to  100  or  200.  I have  seen  an  eruption,  on  a gh’l  of  fourteen  jmars  of 
age,  so  abundant  as  to  be  almost  confluent  on  the  trunk  and  extremities. 

The  eruption  appears  on  the  mucous  membranes  usually  at  the  same 
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time  as  on  the  skin,  but  it  may  be  later  and  occasional!}'  precedes  the 
skin  eruption.  Commencing  ns  small  red  papules  the  lesions  increase  in 
size,  soon  shewing  commencing  vesiculation.  The  vesicles  arc  mature  in 
about  twenty-four  hours,  usually  having  a reddened  base.  They  rupture 
alter  a short  time  and  collapse,  and  have  the  appearance  of  small  empty 
blistei’s  with  red  areola) ; later,  shallow  ulceration  ensues,  in  most  cases 
healing  in  a few  days,  but  sometimes  aphthous  ulcers  result.  The  lesions 
on  the  mucous  membranes  are  usually  few  in  numbei-. 

The  distribution  of  the  eruption  is,  in  the  majoiity  of  cases,  character- 
istic of  the  disease.  It  is  most  abundant  on  the  trunk  and  sometimes 
also  on  the  scalp ; less  abundant  on  the  face,  arms,  and  legs,  and  least 
of  all  on  the  hands  and  feet ; the  palms  and  soles  being  very  often 
free  from  eruption.  In  rare  exceptions  to  this  rule  it  is  found 
more  abundantly  on  the  face  and  extremities  than  on  the  trunk,  the 
distribution  resembling  that  of  small-pox.  It  also  appears  on  the  buccal 
mucous  membrane,  hard  and  soft  palate,  tongue,  pharynx,  tonsils,  vulva, 
male  genital  organs,  and,  in  very  rare  instances,  on  the  larynx,  conjunc- 
tiva, and  urethra.  The  character  of  the  vesicular  eruption  varies  as  a 
rule  Avith  its  distribution.  Circular,  oval,  and  elliptical  vesicles  are 
usually  to  be  seen  on  the  trunk,  thighs,  and  arms  •,  on  the  face  and  scalp, 
legs,  and  forearms  they  are  mostly  circular,  and  on  the  hands  and  feet 
almost  invariably  so. 

Symptoms. — In  the  majority  of  instances,  chicken-pox  is  quite  a mild 
disease,  and  free  from  danger  to  life,  symptoms  of  illness  being  usually 
slight,  and  sometimes  absent.  Many  patients,  however,  especially 
when  the  skin  lesions  are  fairly  abundant,  suffer  discomfort  from  the 
itching  and  irritation  of  the  vesicular  eruption ; and  there  may  be  rest- 
lessness and  occasional  sleeplessness.  The  appetite  is  often  unimpaired, 
recovery  being  usually  rapid  and  complete.  Painful  micturition,  with 
sometimes  retention  of  urine  in  males,  may  be  caused  by  vesicles  on  the 
prepuce  or  urethra,  or  on  the  labia  in  females.  The  pyrexia  is  as  a rule 
unimportant,  and  may  be  absent  in  very  mild  cases.  If  present,  the 
temperature  often  rises  concurrently  Avith,  or  shortly  after,  the  commence- 
ment of  each  crop  of  eruption,  usually  falling  to  normal  between  the 
crops.  It  ranges  from  just  above  normal  to  100°  or  102°  F.,  sometimes 
rising  to  103°  or  104°  F.,  rarely  higher.  If  the  lesions  heal  quickly  the 
pyrexia  is  over  soon  after  the  last  crop  of  spots  has  appeared.  The  i)ulse 
is  only  .slightly  accelerated  in  the  milder  cases,  but  in  severe  attacks  it 
may  be  much  quickened.  The  severity  of  the  symptoms  and  duration  of 
the  acute  stage  depend  chiefly  upon  the  number  of  crops  and  abundance 
of  the  eruption,  the  number  of  vesicles  that  become  mature,  the  degree 
of  suppuration  of  the  vesicles,  and  the  number  of  lesions  in  which 
inflammation,  ulceration,  or  necrosis  ensue  after  rupture,  great  variations 
being  observed  in  these  respects.  In  a large  number  of  cases  the 
ruptured  ve.sicles  shew  little  tendency  to  inflammation  and  ulceration  ; 
thin  crusts  foiTn,  under  which  the  skin  heals  in  a comparatively  short 
time,  while  the  vesicles  that  remain  unruptured  become  slightly  i)urulent. 
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shrivel,  and  desiccate,  the  dried  contents  and  ei)idermis  falling  off  in  the 
course  of  a week  or  a fortnight,  rarely  adhering  longer.  In  such  cases 
the  symptoms  are  quite  negligible.  In  a considerable  numljer  of  cases, 
however,  many  of  the  ruptured  lesions  exhil)it  ulceration  under  the 
impetiginous  crusts,  while  the  mature  unruptured  pocks  become  more  or 
less  purulent,  some  rupturing  and  scabbing,  others  desiccating  unruptured. 
There  is  some  swelling  and  tenderness  of  the  skin,  the  patients  being 
often  irritable  and  restless  and  experiencing  pain  and  discomfort  on 
movement.  The  degree  of  pju’exia  varies  considerably ; it  may  reach 
102°  or  103°  F.,  rarely  rising  to  104°  or  105°  F.,  falling  usually  about 
the  end  of  the  first  week,  often  by  crisis.  It  does  not  rise  again  in  many 
instances,  but  when  the  eruption  is  very  abundant  thei’e  may  be  a 
secondary  rise  of  temperature  during  the  second  week,  due  to  extensive 
suppuration  under  the  crusts,  with  a certain  degree  of  dermatitis,  and  in 
some  cases  slight  necrosis  of  the  lesions. 

When  the  eruption  is  very  abundant,  in  some  instances  assuming  a 
slight  degree  of  confluence,  there  is  considerable  swelling  of  the  skin,  with 
much  discomfort,  constitutional  disturbance,  restlessness,  sleeplessness,  and 
pyrexia.  Cases  of  this  nature  shew  considerable  resemblance  to  small-pox 
when  the  eruption  is  at  its  height  and  many  of  the  lesions  are  purulent, 
especially  if  the  eruption  be  copious  on  the  face  and  extremities.  From 
suppuration  and  inflammation  of  many  of  the  lesions  there  is  often 
secondary  fever  with  symptoms  of  some  severity,  and  superficial  abscesses 
or  boils  may  follow.  In  some  instances  bullm  are  formed  by  peripheral 
enlargement  of  individual,  or  the  coalescence  of  adjoining,  vesicles.  The 
bullre  rupture,  crusts  form,  ulceration  and  inflammation  of  varying  extent 
following.  In  extreme  cases,  the  epidermal  covering  of  the  bullte  comes 
away  in  large  masses,  exposing  a raw,  oozing  surface ; the  symptoms 
increase  in  severity,  and  there  is  considerable  pyrexia.  If  a large  extent 
of  skin  be  involved  and  the  patient  be  very  young  death,  may  occur. 
In  one  such  case  under  ray  care,  an  infant  of  thirteen  months,  the 
eruption  was  extremely  abundant,  adjoining  vesicles  coalesced,  forming 
large  bullm  filled  with  blood-stained  serum.  When  these  ruptured  the 
epidermis  peeled  off  extensively,  the  skin  became  swollen  and  inflamed, 
there  was  a continuously  high  temperature,  102°-103'8°  F.  ; from  the 
second  day  of  illness  the  pulse  became  very  rapid  and  increasingly  weak, 
the  child  dying  on  the  sixth  day  of  the  disease.  Nisbet  has  recorded  a 
case  of  confluent  chicken-pox  in  an  infant  ot  eight-and-a-half  months, 
fatal  on  the  tenth  day.  Confluent  eruptions  in  chicken-pox  are  rare. 

Necrosis  following  secondary  pyogenetic  infection  of  the  ruptured 
lesions  occasionally  occurs  even  in  cases  treated  under  quite  favourable 
conditions,  while  among  the  children  of  the  poor  it  is  not  infrequent.  It 
may  be  slight  and  limited  to  the  original  area  of  the  lesion,  not  extending 
deeply  into  the  corium.  The  lesions  on  the  trunk  are  those  most  fre- 
quently involved.  The  skin  under  and  surrounding  the  crusts  is  reddened 
and  indurated.  On  the  separation  of  the  erttsts  ulcers  of  varying  sizes, 
with  central  excavations,  are  exposed,  which,  on  healing,  leave  oval  or 
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rouiul  pits  accofding  to  the  shape  of  the  jifiniary  lesion.  There  is  usually 
febrile  disturbance,  but,  unless  a considerable  number  of  lesions  be 
involved,  the  symptoms  are  not  severe.  When  necrosis  affects  the 
skin  more  deeply  the  disease  assumes  the  gravity  of  gangrenous 
chicken-pox. 

Gangrenous  Chicken-pox. — The  number  and  situation  of  the  lesions  in 
which  gangrene  occurs,  and  the  depth  and  extent  of  the  surface  involved 
vary  much  in  different  cases.  The  scalp  and  trunk  are  the  favourite 
situations ; in  many,  necrosis  is  limited  to  the  skin,  but  in  others  it 
extends  more  deeply.  The  lesions  shew  firmly  adherent  grey  or  black 
tlattened  scabs,  with  irregular  pustular  borders  and  red  areolje,  necrosis 
taking  place  under  the  scabs.  All  degrees  of  severity  are  met  with,  from 
comparatively  superficial  to  very  deep  lesions,  the  former  being  much 
more  frequently  seen  than  the  latter.  Sometimes  neighbouring  lesions 
unite  to  form  large  sloughs.  After  a time  the  sloughs  sejDarate,  exj30sing 
sharply  defined,  conical,  ulcerated  excavations  of  varying  depths,  in  rare 
cases  so  deep  that  portions  of  the  muscles  are  exposed,  or  the  bone  may 
be  Ixired  if  the  scalp  be  aS'ected.  The  lesions  usually  heal  quickly  after 
separation  of  the  sloughs.  When  healed  the  skin  is  deeply  reddened,  the 
pitting  and  cicatrisation,  which  always  result,  being  proportionate  to  the 
necrosis  of  the  skin  and  underlying  tissues.  The  constitutional  symptoms 
may  be  severe,  the  pyrexia  high ; pleurisy,  pytemia,  and  secondary 
abscesses  may  follow.  Gangrenous  chicken-pox  mainly  occurs  in  young 
children  under  four  years  of  age,  being  commoner  in  females  than  in 
males.  When  the  lesions  are  numerous  and  deep  the  danger  to  life  is 
considerable,  especially  in  very  young,  unhealthy,  and  ill- nourished 
children,  death  sometimes  supervening.  Severe  cases  are  comparatively 
rare,  though  the  slighter  degrees  of  necrosis,  affecting  a limited  number 
of  the  lesions,  occvu’  not  infrequently.  It  should  not  be  forgotten  that 
gangrene  is  a pathological  condition  superadded  to  the  normal  lesion  of 
chicken-po.x  after  rupture  of  the  vesicles.  Unruptured  chicken-pox 
vesicles  do  not  become  gangrenous. 

Ikemoirhagic  Chicken-pox. — This  form  is  very  rare,  and  the  vesicles  are 
usually  few  in  number.  Large  and  small  ecchymoses  appear  on  the  skin 
with  haemorrhage  into  the  cutis  under  the  vesicle,  accompanied  by  haema- 
temesis  and  melaena.  The  symptoms  are  severe,  but  recovery  usual  I}' 
takes  place. 

Complication  and  Sequels. — Apart  from  the  secondary  affections  of 
the  skin  lesions,  complications  and  sequels  are  of  rare  occurrence. 
Erysipelas,  boils,  and  superficial  abscesses  sometimes  follow,  and 
parotitis  has  been  noted.  Laryngitis  has  been  recorded  by  lilarfan 
and  Halle  in  two  cases.  In  one  the  dyspnma  was  so  urgent  that 
tracheotomy  had  to  be  performed,  the  child  making  a good  recovery. 
In  the  other,  which  proved  fatal,  a shallow  ulcer  about  the  size  of  a 
p«i  was  founrl  on  the  posterior  part  of  the  light  vocal  cord,  probably 
the  result  of  a vesicle.  Nephritis  occurs  in  rare  instances  during 
the  fii-st  and  second  week  ; recovery  from  it  is  usually  rai)id  and 
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complete  except  in  unhealthy  children.  Brown  ha.s  recorded  two  case.s 
proving  fatal  several  years  later.  Bronchitis  and  bronchopneumonia 
occur.  I have  seen  a case  complicated  with  pneumonia,  and  another, 
a rather  weakly  infant,  developed  bronchitis,  both  cases  proving  fatal. 
Acute  miliary  tuberculosis  has  been  known  to  follow.  Periostitis  of  the 
femur  (vSteiner)  and  of  the  humerus  (Brunner)  have  been  noted,  followed 
in  the  latter  case  by  double  parotitis,  left  otitis  media,  aiid  purulent 
pericarditis.  Acute  suppuration  of  knee  and  elbow -joints  with  septic 
endocarditis  has  been  reported  l)y  Braquehaye.  Paraplegia,  passing  away 
in  convalescence,  has  been  noted  in  a rachitic  child  a fortnight  after  the 
onset  of  the  disease.  Permanent  pitting  and  scars  are  a frequent  result 
of  chicken-pox.  Trousseau  noted  a bullous  eruption  like  pemphigus, 
lasting  six  or  eight  weeks,  occurring  fifteen,  twenty,  thirty,  or  forty  days 
after  the  commencement  of  the  illness.  Mr.  Jonathan  Hutchinson  has 
recorded  a number  of  cases  that  were  followed  by  a persistent  mixed 
papular  and  vesicular  symmetrical  eruption,  avoiding  flexures,  prone 
to  affect  the  soles  and  palms,  and  very  intractable. 

Duration. — In  cases  uncomplicated  by  ulceration  or  gangrene,  the 
acute  stage  lasts  two  or  three  days  if  there  be  only  one  crop  of  vesicles  ; 
three  to  seven,  if  several  crops  appear,  and  sometimes  seven,  ten,  or 
twelve  days.  Convalescence  is  usually  rapid.  Infectivity  lasts  from  the 
appearance  of  the  eruption  until  the  skin  is  free  of  crusts  and  desiccated 
unruptured  vesicles  and  pustules.  In  many  cases  a fortnight  suffices  for 
this,  but  as  some  of  the  crusts  and  desiccated  vesicles  and  jjustules  adhere 
to  the  skin  more  tenaciously  than  others,  the  process  maj’’  not  end  until 
three  or  four  weeks  from  the  commencement  of  illness.  The  desquamation 
that  follows  after  the  healing  of  gangrenous  surfaces  is  not  to  be  regarded 
as  contagious. 

Chicken-pox  frequently  co-exists  with  whooping-cough,  scarlet  fever, 
measles,  or  diphtheria  p.  843). 

Diagnosis. — The  differential  diagnosis  of  chicken-pox  and  small-pox 
(for  which  disease  it  is  most  commonly  mistaken)  is  discussed  in  the 
article  “Small-pox”  (p.  522).  Acne  and  vesicular  and  pustular  syphilitic 
eruptions  should  not  cause  much  difficulty.  In  impetigo  contagiosa  the 
face  is  mostly  affected,  the  trunk  rarely,  the  mucous  memljrane  of  the 
mouth  not  at  all.  In  molluscum  contagiosum  the  small  tumours  are 
umbilicated  and  filled  by  a soft,  white,  granular  substance  that  can  be 
easily  squeezed  out.  Small  patches  of  herpes  on  the  abdomen  and 
chest  may  look  not  unlike  chicken-pox.  By  the  aid  of  a lens  the  minute 
vesicles  can  be  seen,  and  any  doubt  removed. 

Treatment. — Mild  cases  do  not  require  special  treatment,  but  it  is 
advisable  when  the  eruption  is  at  all  copious  to  keep  the  patient  in  bed 
for  a short  time  and  to  give  light  diet  if  the  appetite  be  impaired.  A 
dusting  powder  composed  of  pulv.  acid,  boric.,  zinc,  oxid.,  and  starch 
in  equal  proportions  will  often  relieve  the  itching  and  discomfort.  Dr. 
J.  D.  Rolleston  recommends  a boric  bath,  night  and  morning  (boric  acid 
crystals,  1 oz.  to  1 gallon  of  water).  He  finds  that  the  cutaneous 
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irritation  and  itching  are  relieved  l)y  this  means,  the  tendency  to  scratch 
checked,  the  subsequent  dermatitis  being  reduced  to  a minimum.  In 
order  to  effect  the  early  sepai-ation  of  the  impetiginous  crusts,  boric  acid 
dressings  or  fomentations  should  be  employed.  Lint  soaked  in  olive  or 
castor  oil  is  a useful  application  when  there  is  troublesome  ulceration  and 
crusting.  If  gangrene  set  in,  boric  or  other  suitable  fomentations  may 
be  applied.  Htemorrhagic,  gangrenous,  and  severe  cases  require  careful 
nursing,  ample  nourishment,  and  sometimes  alcoholic  stimulants. 

John  MacCombik. 
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SMALL-POX 

By  John  MacCombie,  M.D. 

Synonyms. — Arabian  (Eazes),  Jadari ; Latin,  Variola  or  Variolic ; French, 
La  petite  Virole-,  Ital.  Vajuolo ; Span.  Viruelasj  Germ.  Blattern, 
Menschenpocken ; Danish,  Kopper ; Modern  Greek,  EvAoyta.  In 
Scotland  still  -ivritten  The  Pocks  (pokes  or  pockets  of  matter). 

Definition. — An  acute  infectious  disease,  characterised  by  pyrexia  and  a 
general  eruption  of  minute  red  macules,  which  in  about  eight  days  pass 
through  the  successive  stages  of  papule,  vesicle,  and  pustule. 

History  and  Prevalence. — See  p.  767. 

Susceptibility. — Of  unvaccinated  persons  veiy  few  are  insusceptible 
to  small-pox ; this  insusceptibility  has  been  variously  estimated  at  from 
1 to  5 per  cent.  Probably  it  is  not  more  than  1 or  2 per  cent ; and  most 
susceptible  persons  contract  it  on  first  exposure  to  infection.  Small-pox 
attacks  all  races,  Viut  the  negro  is  believed  to  be  the  most  susceptible. 
Hospital  records  shew  that  more  males  are  attacked  than  females. 

It  is  said  that  infants  arc  not  so  susceptible  to  small-pox  as  children 
and  ailults,  but  this  is  doubtful.  Of  infants  subjected  to  infection 
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that  have  come  under  my  observation,  I have  seen  only  one  that  failed 
to  contract  the  disease,  and  that  was  a child  born  at  the  full  time 
during  the  convalescence  of  the  mother  from  an  attack  of  discrete  small- 
pox. There  was  no  evidence  that  the  child  had  had  small-pox  in  ntero. 
It  was  insusceptible  not  only  to  small-pox — so  far  as  a month’s  residence 
in  a ward  full  of  small-pox  patients  without  contracting  the  disease  was 
evidence  of  its  insusceptibility — ^Ijut  also  to  vaccinia.  Infants,  as  a rule, 
are  less  exposed  than  children  and  adults,  not  only  to  the  infection  of 
small-po.x,  but  to  that  of  other  infectious  diseases. 

Pregnancy  and  childbirth  do  not  appear  to  increase  the  susceptibility 
to  small-pox,  nor  do  persons  suffering  or  convalescent  from  other  acute 
infectious  diseases  appear  to  be  more  susceptible  to  it  than  those  in 
ordinary  health.  On  the  contrary,  there  is  some  reason  to  believe  that, 
in  the  acute  stage  at  least,  they  are  less  susceptible  to  it  than  are  healthy 
persons. 

In  countries  where  small-pox  had  been  widely  prevalent  for  genera- 
tions, it  was,  before  the  introduction  of  vaccination,  a disease  mainly  of 
children,  as  are  scarlet  fever,  measles,  whooping-cough,  and  diphtheria 
at  the  present  day ; nearly  all  susceptible  individuals  contracted  it  in 
infancy  or  early  childhood,  ajid  the  majority  of  the  survivors  were  thereby 
protected  against  it  for  life.  But  when  it  attacks  an  unvaccinated  popula- 
tion for  the  first  time,  or  after  a long  jDeriod  of  immunity,  all  ages  are 
affected  alike. 

Small-pox  has  at  one  time  or  another  prevailed  in  every  quarter  of 
the  globe,  with  the  exception  of  Australia,  where,  although  introduced 
on  several  occasioiis  by  immigrants,  its  spread  has  been  promptly  checked 
by  the  isolation  of  the  sick. 

Climate  and  Season. — As  regards  the  influence  of  climate,  it  would 
appear  that  small-pox  is  more  prevalent  in  tropical  than  in  temperate 
countries.  In  the  former  there  is  said  to  be  lessened  prevalence  during 
the  hot  and  also  during  the  rainy  seasons. 

The  season  of  the  year  affects  its  prevalence  in  some  degree.  In 
temperate  climates  summer  is  the  season  of  least,  and  spring,  autumn, 
and  winter  the  seasons  of  greatest  prevalency.  I have  frequently  noticed 
that  in  outbreaks  commencing  in  autumn  there  has  been  a sudden  drop 
in  June  of  the  following  year,  and  that  the  lessened  incidence  continued 
during  the  summer  months.  It  is  not  probable  that  this  drop  is  due  only 
to  the  more  airy  habits  of  life  in  summer. 

Morbid  Anatomy. — Skin  and  Mucous  Membranes. — The  most  recent 
investigation  into  the  pathology  of  small-pox  has  been  made  by  Council- 
man of  Harvard.  His  summary,  condensed  in  some  parts,  of  the  lesions 
of  the  skin  and  mucous  membranes  is  as  follows  :■ — The  specific  lesion 
of  small-pox  is  a focal  degeneration  of  the  stratified  epithelium,  vacuolar 
in  character,  and  accompanied  by  serous  exudation  and  the  formation 
of  a reticulum.  The  fully  developed  product  of  these  processes  is  a 
characteristic  multilocular  pock  or  pustule.  The  occurrence  of  these 
lesions  is  sharply  limited  to  the  stratified  epithelium  of  the  skin  and  of 
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the  •mucous  membnuies.  The  lesions  may  be  few  or  numerous,  and  bear 
no  fixed  relation  to  any  anatomical  structure  of  the  skiu.  'I'lie  lesions 
pass  through  progressive  stages,  and  reach  a climax  of  development  about 
the  eighth  or  ninth  day  from  their  start. 

The  typical  lesion  is  best  seen  on  the  skin.  It  begins  with  degenera- 
tion of  the  cells  of  the  deeper  layers  of  the  epidermis  accompanied  by 
exudation  at  first  serous,  later  more  or  less  cellular,  the  products  of 
which  are  contained  within  the  spaces  of  a reticulum  formed  by  degenerated 
cells.  The  exudate  increases  in  amount,  and  the  spaces  of  the  reticulum 
enlarge,  until  the  fibres  finallj'^  rupture  and  the  lesion  becomes  a distended 
pustule.  This  development  may  take  place  wholly  within  the  epidermis, 
and  the  Huid  contents  of  the  pock  be  separated  from  the  corium  by  com- 
paratively intact  cells  ; or  the  corium  may  form  the  bottom  of  the  pustule, 
in  which  case  there  is  usually  necrosis  of  the  papillary  layer.  The  sub- 
sidence and  repair  of  the  lesion  (if  the  pustule  remain  intact)  ai’e 
accompanied  by  the  removal  of  the  fluid  portion  of  the  exudate  by 
absorption  and  drying,  and  by  the  regeneration  of  the  epidermis,  in 
the  course  of  which  the  residual  mass  of  degenerated  epithelial  cells, 
leucocytes,  and  debris  enclosed  between  the  two  layers  of  the  horny 
epidermis,  the  old  and  the  newly  formed,  is  exfoliated.  The  complete 
evolution  of  the  lesion  occupies  about  two  weeks.  Associated  with  the 
lesions  of  the  epidermis  there  may  be  oedema,  cellular  infiltration,  and 
hcemorrhasie  in  the  corium. 

The  lesions  of  the  mucous  membranes  are  in  degree  proportional  to 
the  extent  and  to  the  severity  of  those  of  the  skin.  At  an  early  stage 
of  development  they  resemble  the  lesions  of  the  skin,  but,  owing  to  the 
different  structiu’e  of  the  mucous  membrane,  the  resemblance  is  lost  in 
the  course  of  their  evolution.  In  the  absence  of  a restraining  horny 
layer  the  degenerated  epithelial  cells  are  cast  off,  and  the  vesicle  within 
the  epidermis  is  rarely  seen,  the  pustule  never. 

Contained  within  these  lesions  of  the  skin  and  mucous  membranes, 
and  determining  their  specificity  and  occurring  chiefly  in  the  cells  of  the 
rete  mucosum,  is  the  parasite  peculiar  to  small-pox  j in  its  younger  or 
cytoplasmic  form  it  is  present  in  the  protoplasm  of  the  epithelial  cells 
of  early  lesions,  and  of  such  of  the  older  lesions  as  are  extending ; in  its 
intranuclear  form  it  is,  for  the  most  jjart,  in  more  advanced  lesions.  No 
para.sites  have  been  found  in  any  lesion  of  the  skin  in  Avhich  reixiir  Avas 
Avell  adA-anced.  (For  a description  of  the  parasite  cytoryctes,  see  Prof. 
Minchin’s  article  on  the  “Protozoa”  in  the  Amlume  on  Tropical  Diseases.) 

Accompanying  the  later  stages  of  the  specific  lesions,  and  simulating 
them  in  other  forms,  are  others,  bleVlike,  in  Avhich  the  entire  epidermis 
i.s  elevated  by  fluid  exudate ; from  these  the  parasite  is  absent. 

The  changes  that  tJike  place  in  the  vesicle  during  the  stage  of 
pustulation  are  described  by  Unna  as  folloAvs  : — Fi-om  the  fifth  day  omvard 
the  appeaninces  (in  the  ve.sicles)  com])letcly  alter  ; the  blood-A’essels  are 
now  distinctly  dilated,  not  ordy  on  the  surface  but  through  the  whole 
cutis.  A full  stream  of  leucocytes,  attracted,  no  doubt,  by  the  germs 
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lying  dead  in  the  tissue,  runs  through  the  whole  cutis,  reaches  the 
papillary  layer,  invades  the  pock,  and  fills  the  cavity  proper  with  white 
corpuscles.  This  process  attains  its  acme  in  a few  days,  and,  if  the 
horny  layer  remain  intact,  the  whole  pustule  is  completely  filled  with  white 
corpuscles  and  is  converted  into  an  almost  solid  tissue ; but  if  the  hornv 
layer  yield,  there  is  more  or  less  profuse  suppuration,  which  lasts  for 
a time  or  rapidly  ends  in  the  formation  of  a crust.  The  sponbineous 
pustulatiou  at  the  end  of  the  first  week  is  without  doubt  to  be  attributed 
to  the  poison  of  the  disease  itself ; the  prolonged  suppuration  must  cer- 
tainly be  attributed  to  the  addition  of  pyogenetic  organisms.  Unna 
ascribes  the  umbilication  of  the  vesiele  partly  to  retieular  degeneration, 
partly  to  epithelial  mdema,  the  latter  being  always  limited  to  the 
periphery. 

Hair-follicles  play  only  an  accidental  part  in  the  causation  of  the 
umbilication  of  the  vesiele.  In  a considerable  number  of  cases  of 
natural  small-pox,  owing  to  hypertrophy  of  the  papillie  at  the  site  of  the 
pustule,  an  elevation  of  skin  is  seen  when  the  crust  has  fallen  oft’;  the 
new  discoloured  epidermis,  being  raised  well  above  the  level  of  the  un- 
affected skin,  imparts  to  it  a nodulated,  in  many  cases  a tubercular 
appeai’ance,  usually  most  marked  on  the  face.  After  a time  the  h)'per- 
jemia  subsides,  the  nodules  shrink,  and  the  skin  in  many  cases  regains  its 
natural  smoothness. 

The  characteristic  lesion  of  small-pox  develops  in  the  skin,  lips, 
tongue,  buccal  mucous  membrane,  gums,  hard  and  soft  palate,  tonsils, 
anterior  and  posterior  nares,  pharynx,  epiglottis,  larynx,  trachea  as  far 
as  the  bifurcation  and  occasionally  beyond,  and  rarely  in  the  oesophagus ; 
also  on  the  lower  part  of  the  I’ectum,  the  anus,  the  vulva,  the  lower 
portion  of  the  vagina,  the  scrotum,  the  penis,  glans  penis,  and  also  on 
the  conjunctiva ; but  not  on  the  healthy  cornea  or  on  serous  membranes. 

Some  authorities  state  that  a diphtheritic  condition  of  the  fauces  and 
pharynx  occui's  not  infrequently.  This  appears  to  me  to  be  a mistake. 
In  cases  with  a large  amount  of  eruption  on  the  fauces,  pharynx,  and 
palate,  the  swollen  tissues,  with  ragged  shreds  of  mucous  membrane  and 
epithelial  d4bris,  often  present  an  appearance  not  unlike  the  dirty  disin- 
tegrating membrane  seen  in  diphtheria.  That  faucial  diphtheria  may 
occur  I do  not  doubt,  but  I have  not  seen  it  complicate  small-psx,  nor 
have  I seen  a case  of  small-pox  followed  by  the  paralytic  sequels  of 
diphtheria.  But  I have  noted  membrane  in  the  larynx  in  one  or  two 
cases,  and  once  in  the  trachea,  similar  to  that  seen  in  laryngeal  and 
tracheal  diphtheria.  If  there  be  eruption  in  the  larynx,  the  mucous 
membrane  is  swollen  and  injected,  often  shewing  minute  ecchymoses. 

Lunga  and  Pleura’.. — Bronchitis,  bronchopneumonia,  hypostatic  con- 
gestion and  pneumonia,  lobar  pneumonia,  pleurisy,  and  empyema  are  all 
met  with. 

The  Muscles  shew  granular  ajid  fatty  degeneration. 

The  Heart  is  pale  and  ftabby,  shewing  cloudy  swelling  and  fatty 
chaime.  The  blood  is  dark  in  colour  and  coagulates  slowly.  There  is 
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some  degree  of  loucocytosis  in  the  stage  of  pustulation  and  later,  but 
perhaps  not  as  much  as  in  some  other  acute  infections. 

AMomiiuil  Organs. — The  liver  may  be,  but  is  not  usually,  congested. 
In  cases  dying  after  the  fifth  day  it  is  generally  enlarged,  being  pale, 
soft,  and  shewing  considerable  fatty  change,  with  infiltration  of 
leucocytes  between  the  cells  of  the  lobules  and  into  the  interlobular 
spaces.  Occasionally  there  is  thrombosis  of  minute  vessels.  The  sj^^eeii 
is  increased  in  size,  the  i\Ialpighian  bodies  being  enlarged,  the  pulp  soft  and 
infiltrated  with  leucocytes,  the  mononuclears  predominating.  Nucleated 
red  corpuscles  are  found.  In  rare  cases  there  are  thromboses  of  minute 
vessels,  and  cellular  necroses ; sometimes  there  are  haemorrhages.  The 
k'idnegs  shew  interstitial  or  tubal  inflammatory  changes,  with  swelling  and 
fatty’  degeneration  of  the  cortex.  The  suprarenals  shew  cellular  infiltration 
and  often  fatty”-  changes  in  the  cells.  The  intestinal  nmcous  menihi-ane, 
especially  that  of  the  small  intestine,  is  congested.  Peyer’s  patches  may 
be  congested  and  swollen.  Sometimes  ulceration  of  the  intestine  occurs, 
probably  due  to  minute  emboli.  The  testicles  shew  in  some  cases 
parenchymatous  inflammation  and  anemic  focal  necroses,  which  appear 
to  be  specific  to  the  disease.  In  other  cases  there  is  inflammation  of  the 
tunica  vaginalis  with  fibrinous  effusion. 

Lijmphatic  Glands. — Some  observers  have  found  focal  necroses.  Eoger 
says  that  the  changes  are  analogous  to  those  found  in  leuksemia. 

Bone-Marrow. — There  are  focal  necroses,  hyperplasia  of  myelocytes, 
but  a reduction  or  absence  of  polymorphonuclear  leucocytes. 

Brain  and  Spinal  Cord. — Occasionally  cerebral  haemorrhage  occurs  from 
rupture  of  a vessel,  and  a large  quantity  of  blood  is  extravasated.  In 
fatal  cases  of  coma  nothing  is  noted  except  congestion  and  oedema  of  the 
meninges,  and  in  some  cases  haemorrhage  under  the  pia  mater.  Zuelzer 
has  observed  haemorrhages  into  the  nerve-sheaths,  and  it  is  not  improbable 
that  some  of  the  nervous  sequels  may  be  due  to  minute  hemorrhages  in 
the  cerebrum  and  spinal  cord.  In  some  cases  of  paraplegia  small  foci  of 
softening  have  been  found  in  the  grey  and  white  substance  of  the  cord. 
"Welch  and  Schamberg  record  a case  of  complete  paraplegia  with  incon- 
tinence of  urine  and  feces,  in  which  there’  was  great  softening  of  the 
cord  in  the  region  of  the  lower  dorsal  and  upper  lumbar  vertebre.  AA  hen 
the  dura  was  punctured  the  softened  cord  ran  out  like  pus.  In  some 
ca.ses  diffuse  myelitis,  affecting  mostly  the  anterior  horns,  is  found. 

Morhvl  Anatomy  of  Hcemorrhagic  Cases. — "When  sub-  and  perivesicular 
hemorrhage  takes  place,  it  is  into  the  whole  thickness  of  the  cutis ; 
but  the  serum  exuded  from  the  hemorrhagic  surface  is  nearly  always 
free  from  hemoglobin  or  blood-corpuscles. 

The  early  changes  in  the  skin  are  similar  to  those  observed  in  the 
development  of  the  pock ; swelling  and  degeneration  of  the  deeper  cells 
of  the  epidermis,  with  dilatation  of  the  blood-vessels  of  the  corium  and 
h.emorrhages,  mostly  in  the  papillary”  layer. 

The  purjde  petechite,  and  the  inky  or  deep  violet  coloured  circidar 
spots,  are  causerl  by  hajmorrhage  into  the  cutis,  which  sometimes  extends 
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to  the  subcuticular  tissue.  It  is  probable  that  these  skin  haemorrhages 
arc  due  to  transudation  of  the  red  corpuscles  through  the  walls  of  the 
capillaries.  The  bruise-like  swellings  are  caused  by  haemorrhage  into 
subcutaneous  and  intermuscular  connective  tissues. 

Subconjunctival  and  retinal  haemorrhages  occur.  Deep-seated  haemor- 
rhages take  place  into  the  muscles,  connective  tissue,  and  mediastinum. 
Subpleural  haemorrhages — visceral,  parietal,  and  diaphragmatic — and 
haemoz-rhages  into  the  lung  substance,  are  common.  Subperitoneal 
haemorrhages  occur  on  the  surface  of  the  liver,  spleen,  pancreas,  mesen- 
tez’y,  and  large  and  small  intestine.  Extensive  extravasations  of  blood 
take  place  in  the  loose  tissue  aizd  fat  z’ouzid  the  kidneys,  and  extend 
along  the  coui’se  of  the  psoas  muscle  into  the  pelvis.  Haemori-hages  into 
the  liver  and  spleen  are  very  rare. 

7vz(f/ieys.— Subscapsuhir  haemorrhages  are  of  frequent  occurrence,  but 
haemorrhage  into  the  cortex  and  pyramids  is  very  I'are.  There  is  often  a 
copious  extravasatiozi  of  blood  into  the  tissues  between  the  calices  and 
the  szibstance  of  the  kidney,  whereby  the  calices  are  compressed,  and 
some  of  them  detached  from  the  papillae,  the  space  being  filled  with  blood. 
On  longitudinal  section  of  the  kidney  the  blood-clot  appears  to  fill  the 
calices  and  pelvis ; on  closer  examination,  however,  it  is  seen  that  it  lies 
not  in  the  caliceS  and  pelvis,  bzzt  between  these  and  the  kidney  substance. 

The  liver  is  usually  ziormal  in  size  and  colour,  but  it  is  sometimes 
dark ; fatty  change  has  been  noted  in  some  instances. 

The  spleen  is  usually  small,  firm,  and  dai’k,  bizt  sometimes  it  is 
enlai'ged,  and  may  shew  hazmorrhages,  infarcts,  .and  nucleated  I’ed 
corizuscles. 

Haemori’hages  occur  into  the  mucozzs  coat  of  the  bladder,  uterus, 
vagina.  Fallopian  tubes,  ovaries,  testicles,  bone  - marrow,  synovial 
membranes  and  cavities  of  joints. 

Bone-Marrow. — There  is  increase  of  the  nucleated  I’ed  cells,  diminution 
and  fatty  degeneration  of  the  white  cells. 

Digestive  Si/stem. — Hteniori-hage  occui-s  into  the  mucous  membrane  of 
mouth,  phai’ynx,  and  nose.  In  the  stomach  there  are  often  masses  of 
small  red  and  purple  hsemori’hages  in  the  mucous  <and  szibcutaneous 
coats.  They  occur  in  the  lai’ge  and  small  intestine,  and  also  in  the 
rectum. 

Heart  and  Blood-vessels. — lu  pure  hsemorrhagic  cases  the  heart  is  coiz- 
ti’acted,  firm,  and  dark-bro\vn  in  colour.  The  cavities  contain  little  if 
an}'^  blood  or  clot,  and  the  arterial  trunks  are  usually  almost  empty. 
Haemorrhages  occur  under  the  pei’icai’dium  and  endocai'dium,  but  not,  so 
far  as  I have  seen,  in  the  vzdves  or  blood-vessels. 

Contagiousness. — Boerhaave,  at  the  beginning  of  the  eighteezith 
centuiy,  fii’st  proved  that  small-pox  was  spread  by  contagion  exchzsively, 
iilthough  its  contagious  nzitzire  had  for  a long  time  been  knoAvn.  Since 
the  Bz’ahmins  and  Chinese  practised  inoculation  it  is  jzrobable  that  they 
recognised  this  featui'e  of  the  disease.  The  Ai’abs  were  cognisant  of  it, 
and  it  was  known  in  Englaizd  as  early  as  the  fourteenth  century.  The 
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contagion  may  be  either  direct  or  indirect,  and  there  is  good  evidence 
to  shew  that  the  virus  may  be  carried  from  a small  - pox  hospital, 
by  the  air,  a considerable  distance,  without  losing  its  infectivity.  The 
virus  enters  the  human  body  by  the  mucous  membrane  of  the  nose, 
mouth,  or  respiratory  tract ; some  believe  also  by  the  mucous  membrane 
of  the  stomach.  It  may  be  communicated  from  the  sick  to  the  healthy 
by — ((()  Persons  suffering  from  small-pox;  (b)  Bodies  of  persons  who 
have  died  of  small-pox ; (c)  Infected  articles,  and  j^erhaps  by  flies  and 
domestic  animals  ; (d)  Healthy  third  persons ; (e)  By  the  air  to  persons 
living  at  some  distance  (aerial  infection) ; (/)  Inoculation. 

(a)  Small-pox  patients  are  capable  of  communicating  infection  to  others, 
perhaps  during  the  stage  of  incubation,  certainly  during  the  initial  stage, 
and  right  through  the  disease  till  not  a trace  is  left  on  the  skin  of  desiccated 
pustules,  scabs,  and  powdery  debris.  But  the  infection  is  much  more 
virulent  at  certain  stages  of  the  disease  than  in  others  ; it  is  most  virulent 
during  vesiculation,  pustulation,  and  scabbing,  less  so  during  the  initial 
stage  and  the  first  and  second  days  of  rash,  and  least  of  all  during  the 
incubation-stage.  The  distance  at  which  a single  patient  may  communi- 
cate infection  to  a healthy  person  varies  from  the  closest  contact  to  a few 
yards,  much  depending  upon  the  ventilation  of  the  apartment.  As  a rule 
a susceptible  person  will  be  infected  merely  by  entering  the  room  or  ward 
occupied  by  the  patient.  The  severity  of  an  attack  of  small-pox  appears 
to  be  determined  more  by  the  personal  susceptibility  of  the  recipient  of 
the  contagion  than  by  the  severity  of  the  disease  in  the  person  imparting 
it.  I have  known  the  mildest  form  of  modified  small-pox  in  one  person 
to  cause  pure  haemorrhagic  small-pox  in  another,  and  vice  versa. 

(b)  The  bodies  of  the  small-pox  dead  can  communicate  infection. 

(c)  Infected  articles  such  as  bedding,  wearing  apparel,  books,  toys, 
coins,  furniture,  rags,  or  anything  handled  by  patients,  are  capable  of 
communicating  infection.  Infected  rags  have  frequently  given  rise  to 
outbreaks  of  small-pox.  Flies  and  domestic  animals  may  possibly  be 
carriers  of  infection. 

(fb)  Healthy  third  persons  in  attendance  on  patients  may  communicate 
infection  to  others,  either  by  means  of  their  clothing,  or  by  the  hair,  which 
readily  retains  the  particles  of  dried  small-pox  matter  which  permeate  the 
air  of  the  infected  room. 

(e)  It  may  be  conveyed  directlj^  by  the  atmosphere  from  a small-pox 
hospital  to  persons  living  at  some  distance.  How  far  is  a point  on  which 
there  is  great  difference  of  opinion.  Mr.  Power,  in  his  investigations  at 
the  Fulham  Small-pox  Hospital,  proved  that  the  incidence  of  small-jiox 
bore  a very  exact  relation  to  jwopinquity  to  the  hospital.  The  incidence 
on  every  100  houses  within  the  special  area  (a  radius  of  a mile  from  the 
hospital)  wa.s  as  follows; — On  total  area,  G37.  On  small  circle  (one 
quarter  mile),  17  35.  On  first  ring  (quarter  to  half  a mile),  D"25.  On 
second  ring  (half  to  three-quarters  of  a mile),  GTG.  On  third  ring  (tbree- 
quarter  to  one  mile),  2'57.  The  influence  was  greatest  when  admissions 
to  hospital  were  beginning  to  increase.  I'he  comparison  held  good  with 
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regard  to  successive  epidemics,  and  he  did  not  regard  the  hospital  adminis- 
tration as  responsible.  Dr.  Barry  shewed  that  a similar  incidence  of 
small-pox  around  the  hospital  prevailed  at  Sheffield  during  the  epidemic 
of  1887-1888 ; and  some  confirmatory  evidence  of  a like  character  has  been 
olitained  from  other  localities  at  home  and  abroad.  On  the  other  hand, 
many  medical  officers  of  health,  basing  their  opinion  upon  the  more 
recent  experience  of  the  incidence  of  small-pox  in  the  neighbourhood  of 
small-pox  hospitals  generally,  are  disposed  to  regard  the  validity  of  Mr. 
Power’s  conclusions  as  open  to  question.  They  hold  that  further  know- 
ledge and  investigations  are  necessary  before  a final  judgment  can  be 
formulated  on  this  matter. 

(/)  Inoculation  is  not  practised  in  civilised  countries  ; it  is  illegal,  and 
has  chiefly  a historical  interest.  Cases  of  accidental  inoculation  do,  how- 
ever, occur  occasionally,  such  as  inoculation  of  mother  from  her  infant  at 
breast,  or  vice  versa,  and  in  other  ways. 

The  Contagium  of  Small-pox. — The  exact  nature  of  the  specific 
eontagium  has  not  been  conclusively  determined,  but  present  knowledge 
favours  the  view  that  it  is  a parasitic  protozbon,  probably  a sporoziion,  and 
that  it  is  present  in  the  vesicular  lymph,  the  pustules,  and  the  blood. 

Ineubation-Period. — When  a person  receives  the  specific  infection  of 
small-pox  there  is  in  most  cases  a definite  interval  between  that  time  and 
the  onset  of  the  earliest  symptoms,  during  which  no  apparent  deviation 
from  normal  health  is  noted.  This  interval  varies  in  different  individuals 
between  extremes  of  five  days  and  twenty  or  more ; usually  it  is  ten  to 
twelve  days,  but  not  infrequently  nine,  thirteen,  or  fourteen  days. 
Curschmann  records  a case  of  five  days’  incubation  ; Welch  and  Schamberg 
one  of  five  and  a half  days ; I have  seen  it  as  short  as  seven ; and 
Armstrong  {Lancet,  188G,  vol.  i.  p.  715)  has  given  particulars  of  a case  in 
which  it  appeared  to  be  twenty-one  days.  Some  continental  observers 
have  noted  it  to  be  twenty,  twenty-two,  and  twenty-three  days,  but  such 
lengthened  incubation-periods,  as  well  as  the  extremely  short,  are  very 
exceptional.  In  a few  rare  cases  symptoms  of  malaise  are  noted  from  the 
date  of  reception  of  the  infection. 

Initial  Symptoms. — The  onset  as  a rule  is  sudden,  and  the  earl}'’  or 
initial  symptoms  are  usiially  severe  and  distinctive  of  the  disease.  The 
most  constant  symptom  is  headache,  in  most  cases  frontal.  It  is  often 
intense  and  throbbing,  and  is  aggravated  by  movements.  Backache,  the 
next  most  constant  symptom,  is,  of  all  the  initial  symptoms  of  small-pox, 
the  most  characteristic,  headache  being  fiequently  met  with  in  the  early 
stages  of  other  acute  infectious  diseases.  The  backache  is  lumbar  and 
sacral,  is  usually  severe,  in  many  cases  excruciatingly  so ; the  pain  often 
extends  from  the  sacrum  down  the  thighs  and  legs.  Both  headache  and 
backache  last  till  the  eruption  comes  out,  or  for  some  little  time  after. 
Rigors,  severe  or  slight,  are  often  present  from  the  commencement. 
Epigastric  pain,  accompanied  by  nausea,  retching,  and  vomiting,  is  also 
an  early  and,  especially  in  children,  a very  usual  symptom.  The  vomiting 
and  retching  are  sometimes  excessive,  the  patient  being  unable  to  retain 
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even  the  smallest  quantity  of  nourishment.  Anorexia  and  thirst  arc 
present  in  every  ease.  The  fauces  do  not  as  a rule  present  any  abnormal 
appearance  ; the  tonsils  may  be  enlarged,  and  in  Incmorrhagic  cases  purple 
hiemorrhages  may  be  noticed  on  the  soft  palate.  The  breath  is  often  fetid 
and  the  tongue  coated  with  a white  or  dirty  ndiitc  fur  ; the  skin  is  usually 
hot,  dry  at  first,  but  afterwards  moist  or  even  sweat}".  Pallor  is  often 
marked,  and  may  be  accompanied  by  coldness  of  the  extremities;  but  in 
many  cases  there  is  flushing  of  the  head  and  face.  Constipation  occurs  in 
nearly  all  cases.  In  children  drowsiness  is  often  present,  and  occasionally 
convulsions.  Coma,  rare  in  adults,  is  met  with  in  children,  and  may 
follow  convulsions.  I have  seen  profound  coma  lasting  till  the  third  day 
of  the  eruption.  Delirium  is  sometimes  present  on  the  second  or  third  day, 
and  is  occasionally  marked ; but  is  usually  only  slight.  It  is,  however, 
sometimes  accompanied  by  paralysis  of  the  upper  and  lower  extremities. 
In  other  cases  there  is  great  mental  disturbance,  with  loss  of  co-ordination 
of  movements,  and  aphasia ; in  some  instances  the  patient  has  been 
thought  by  the  relatives  to  be  drunk.  Most  patients  are  sleepless  and 
restless.  Vertigo  is  by  no  means  rare.  Paraplegia  has  been  noticed, 
and  also  retention  of  urine.  Prostration  often  accompanies  the  other 
symptoms,  and  the  patient  usually  takes  to  bed  or  sits  over  the  fire.  In 
females  menstruation  often  occurs  before  the  usual  menstrual  period  ; in 
many  cases  more  than  the  usual  quantity  of  blood  is  lost,  and  in 
haemorrhagic  cases  the  amount  may  be  large  or  even  excessive.  The 
urine  is  diminished  in  quantity,  its  specific  gravity  is  increased,  and  it 
usually  contains  urates  in  abundance,  but  the  chlorides  are  diminished ; 
albumin  may  be  present,  but  rarely  in  large  quantity.  There  may  be 
blood  in  the  urine,  but  this  occurs  infrequently,  and  mostly  in  cases 
that  afterwards  prove  to  be  haemorrhagic.  The  temperature,  except 
in  some  haemorrhagic  cases,  is  high  from  the  onset  of  the  initial 
symptoms.  At  first  it  is  100°  to  101°  F.,  and  may  reach  104°  F.  on  the 
first  day;  on  the  second  day  it  may  be  as  high  as  105°  or  107°  F.  It 
remains  raised,  with  very  slight  morning  remissions,  until  the  eruption 
comes  out.  The  pulse  is  rapid,  often  110  to  120  or  more  in  adults,  and 
in  children  150  or  more.  In  most  cases  it  is  full,  fairly  strong,  and 
regular ; but  in  cases  accompanied  by  much  depression  it  is  weak  and 
rapid.  In  pure  hsemorrhagic  cases  it  is  often  soft  and  compressible  ; such 
patients  not  infrequently  experience  a sensation  of  cardiac  and  respiratory 
oppresision.  The  resjuration  is  quickened,  and  when  coma  is  present  it 
may  be  stertorous.  There  is  no  enlargement  of  liver  or  spleen. 

The  initial  symptoms  are  present  at  the  onset  of  the  disease  in 
vaccinated  and  unvaccinated  subjects,  usually  abating  when  the  eruption 
comes  out,  and  subsiding  when  it  is  fully  out.  In  vaccinated  persons  the 
initial  .symptoms  often  disappear  quite  suddeidy  very  soon  after  the 
appearance  of  the  eruption.  The  epigastric  pain  and  vomiting  ai’c  msually 
most  marked  early  in  the  initial  stage ; but  .sometimes,  es])ccially  in 
hfftmorrhagic  cases,  vomiting  may  last  until  the  tei'iiiination  of  the  disease. 
The  avemf/fi  dumti/m  of  the  initial  stage  is  two  days,  but  it  may  not  bo 


492 


SYSTEM  OF  MEDICINE 


more  than  one,  or  it  may  be  three  or  more.  In  some  cases  the  initial 
symptoms  are  gradual  in  onset,  mild  in  character,  and  may  be  of  short 
duration ; in  such  cases  the  attack  usually  proves  mild,  but  the  converse 
does  not  hold  good  : patients  whose  symptoms  in  the  initial  stage  are 
exceedingly  severe,  or  who  are  convulsed  or  comatose,  may  pass  through 
mild  attacks,  but  most  cases  of  severe  small-pox  are  ushered  in  by  severe 
initial  symptoms. 

Initial  Rashes. — Along  with  the  initial  symptoms  just  enumerated,  a 
series  of  eruptions  may  appear  on  the  skin,  Avhich,  from  their  occurrence 
in  the  initial  stage  of  the  disease,  are  known  as  initial  rashes.  These  may 
be  divided  into  two  great  groups — (I)  the  Erythematous,  and  (II)  the 
H<emorrhagic. 

I.  Erythematous  Rashes. — These  may  be  either  («)  general  or  {h)  partial. 

(a)  General  Erythemas. — These  ai’e  usually  scarlatiniform  or  morbilli- 
form in  appearance.  In  many  cases  they  do  not  cover  the  entire  surface 
of  the  skin,  limited  areas  being  free  from  eruption.  They  are  usually  to 
be  noted  on  the  trunk,  limbs,  and,  to  a less  extent,  the  face  and  neck. 
They  may  appear  on  the  first  day  of  illness,  more  generally  on  the  second, 
sometimes  on  the  third,  fourth,  or  even  fifth  day.  They  persist  for  a 
period  varying  from  two  to  five  days,  disappearing  in  some  instances 
before  the  characteristic  eruption  of  small-pox  comes  out,  in  other  cases 
simultaneously  with  its  appearance,  and  in  others  not  until  one,  two,  or 
three  days  after  the  small-pox  eruption  is  out.  They  reach  their  height 
in  from  twenty-four  to  forty-eight  hours,  and  often  disappear  completely 
twelve  hours  thereafter,  and  leave  no  stain.  In  other  cases  they  pass  off 
more  slowly.  The  general  erythemas  are  of  more  frequent  occurrence  in 
adults  than  in  children  ; the  morbilliform  is  sometimes  seen  in  the  latter, 
but  the  scarlatiniform  has  not  been  observed,  as  far  as  I know,  in  any  one 
under  ten  years  of  age. 

The  scarlatiniform  erythema  resembles  the  eruption  of  scarlet  fever,  bnt 
it  differs  from  it  in  being  usually  less  bi-ight  in  tint  and  less  punctate  in 
character.  In  the  groins,  axillce,  and  flexor  surfaces  of  joints  it  is  often 
of  a deeper  tint  than  elsewhere.  It  is  not  raised  ; it  disappears  on 
pressure,  and  is  not  aceompanied  by  vivid  faucial  inflammation  or  enlarge- 
ment of  the  cervical  or  submaxillary  glands.  But  occasionally  an 
intensely  vivid  rash  is  seen,  which  appears  sometimes  on  the  first,  more 
frequently  on  the  second  day  of  illness,  covers  the  entire  surface  of  the 
skin,  and  is  at  first  of  a uniformly  brilliant  deep-red  colour,  which  in 
some  hremorrhagic  cases  deepens  almost  to  the  tint  of  an  Indian  red.  It 
disappears  on  pressure,  is  often  the  precursor  of  grave  hseraorrhagic 
symptoms,  and  lasts  a varying  period  ; in  haemorrhagic  cases  it  may  last 
till  death  ; in  other  cases  until  the  second  or  third  daj^  after  the  appear- 
ance of  the  characteristic  eruption  of  small-pox,  -when  it  fades  gradually 
and  leaves  no  discoloration  of  the  skin. 

The  morhilliform  erythema  is  of  the  pink  colour  of  measles,  is  very 
slightly,  if  at  all,  raised,  disappears  on  pressure,  and  shews  in  parts  the 
crescentic  appearance  often  noticed  in  measles.  It  usually  reaches  its 


S.V.-IL/.-POX 


493 


height  within  twenty-fonr  hours  of  its  first  appearance,  ami  facies  tpiickly 
cither  just  hefore  the  characteristic  eruption  of  small-pox  appears,  or  soon 
after,  leaving  no  stain.  The  maeulas  arc  from  the  first  larger  than  the 
minute  maculie  of  the  early  stage  of  measles  eruption.  The  rash  spreads 
over  the  whole  body  more  quickl}'^  than  that  of  measles,  and  in  the  great 
majority  of  instances  is  not  preceded  or  accompanied  by  catarrh,  sneezing, 
or  cough ; not  infrequentl}',  hoAvever,  there  is  considerable  sufiusion  of 
the  eyes.  Urticarial  rashes  have  sometimes  been  noted  in  the  initial 
stage  of  small-pox. 

(b)  Partial  Erythemas. — These  are  usually  scarlatiniform  or  morbilli- 
form in  appearance,  and  affect  the  flexor  or  extensor  surfaces  of  joints 
and  circumscribed  areas  of  other  parts  of  the  skin.  If  limited  to  flexor 
surfaces  they  are  distributed  on  the  lower  part  of  the  abdomen,  the  inner 
surfaces  of  the  thighs,  and  the  flexor  surfaces  of  the  joints  of  the  ex- 
tremities, palms  of  hands,  and  insteps  of  feet.  In  other  cases  they  are 
limited  to  fle.xor  surfaces  of  limbs,  or  to  the  inguinal  region,  armpits, 
sides  of  trunk,  and  lumbar  region.  In  others  they  are  only  seen  on  the 
extensor  surfaces  of  the  extremities ; where  they  are  limited  to  the  back 
of  the  hands,  the  wrists  or  above  the  -wrists,  the  elbows,  knees,  and 
dorsum  of  feet,  and  the  extensor  surface  of  the  great  toe,  between  its 
inner  border  and  the  tendon  of  the  extensor  longus  hallucis.  They 
appear  from  the  first  to  the  fourth  day  of  the  disease,  and,  if  morbilli- 
form, are  very  slightly  if  at  all  raised  above  the  surface  of  the  surround- 
ing skin ; they  fade,  sometimes  before  the  eruption  of  small-pox  appears, 
more  frequently  shortly  after ; but  if  they  appear  simultaneously  with 
the  characteristic  eruption  of  small-pox  they  do  not  fade  until  after  the 
lapse  of  from  two  to  four  days.  They  disappear  on  pressure  and  no 
staining  results.  The  partial  erythemas  appear  to  vary  a good  deal  in 
character  and  distribution  in  different  outbreaks ; but  they  are  invariably 
followed  by  mild  attacks. 

II.  Hcemorrhagic  Rashes. — These  are  of  two  kinds — (1)  Petechial,  (2) 
Petechio-erythematous.  They  appear  on  the  first,  second,  or  third  day 
of  illness,  are  not  attended  by  itching,  but  sometimes  by  a sensation  of 
heat  in  the  skin  of  the  affected  part,  are  not  raised,  and  usually  precede, 
but  sometimes  appear  simultaneously  with  the  characteristic  eruption  of 
small-pox. 

( 1 ) Petechial  Rashes. — These  are  most  frequently  observed  on  the  lower 
abdominal  and  inguinal  regions — on  an  irregularly  shaped  triangular  area, 
the  base  of  which  is  formed  by  an  imaginary  horizontal  line  across  the 
abdomen,  sometimes  at,  sometimes  above,  sometimes  below  the  umbilicus, 
the  apex  being  in  the  middle  line  between  the  thighs  four  to  five  inches 
below  the  pubes.  The  sides  of  the  triangle  run  outwards  and  upwards 
from  its  apex,  parallel  to,  and  three  or  four  inches  below,  Poupart’s 
ligament,  to  the  great  trochanter,  and  thence  upwards  to  meet  the  base 
line.  This  is  by  far  the  most  frequent  site ; but  in  some  cases  the  rash 
extends  on  the  lumbar  region,  and,  in  a more  scattered  form,  up  the  sides 
of  the  chest ; sometimes  it  is  present  in  the  axilhv,  sometimes  on  tho 
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neck,  and  on  the  chest  under  the  clavicles ; in  others  on  the  flexor 
surfaces  of  the  joints.  The  rashes  vary  in  colour  with  the  varying  pro- 
portions  of  the  different  petechiae  present,  which  are  of  two  colours,  bright 
brick-red  and  dark  purple.  The  bright  red  petechias  are  small,  round, 
or  irregular  in  outline,  vary  in  diameter  from  a point  to  a line,  are  rather 
deeper  in  colour  at  the  centres  than  at  the  edges?,  and  fade  slightly,  but 
do  not  disappear  on  pressure.  The  purple  petechiae,  if  seen  when  making 
their  appearance,  appear  as  minute  purple  dots  which  speedily  increase 
in  size  till  they  are  one  to  two  lines  across,  and  are  round  or  irregular  in 
outline  with  ill-defined  margins.  The  two  kinds  of  petechiae  arc  usually 
present  together,  imparting  to  the  affected  area  a purple  hue  tinged  -witli 
red.  As  the  rash  increases  the  purple  tint  becomes  deeper,  and  the  red 
petechiae  begin  to  fade.  If  the  purple  petechiae  be  very  thickly  set  at 
first,  they  coalesce  and  form  large  areas  of  a deep  purple  hue.  In  the 
abdomino-crural  triangle  above  mentioned  the  purple  petechiae  are  usually 
most  abundant  along  and  just  above  and  below  Poupart’s  ligament,  where 
they  impart  to  the  skin  a deejj  purple,  almost  black  colour ; while  the 
skin  towards  the  margins  of  the  triangular  space  remains  of  a mixed 
purple  and  red  hue. 

In  some  cases  the  bright  red  petechiae  only  are  present,  and  may 
cover  the  skin  of  the  abdomen  and  lower  part  of  chest,  the  flanks  and 
lumbar  region,  or  they  may  be  limited  to  the  groins  and  flexor  surfaces 
of  the  joints  of  the  extremities.  If  extremely  abundant  in  these  .situa- 
tions they  impart  to  the  skin  the  appearance  of  being  covered  by  a 
punctate  scarlet  rash  ; but  on  pressure  their  petechial  character  is 
apparent  because,  while  fading  slightly,  they  do  not  disappear.  In  other 
instances  the  purple  petechiae  only  are  present,  and,  as  a rule,  eruptions 
composed  of  these  are  less  widely  distributed  than  those  composed 
exclusively  of  the  bright  red  petechiae. 

There  is  another  form  of  initial  rash,  not  very  often  met  with,  that  is 
indistinguishable  both  in  distribution  and  in  appearance  from  ordinary 
purpura,  and  therefore  may  be  named  “ purpuric  initial,”  to  distinguish 
it  from  the  “ petechial  initial.”  It  consists  of  circular  purpuric  spots  two 
to  four  lines  in  diameter,  of  the  colour  of  ink  or  of  the  deepest  violet, 
with  well-defined  margins  and  regular  outline.  This  eruption  has  no 
preference  for  the  flexor  or  extensor  surfaces  or  the  abdomino-crural 
triangle,  but  is  distributed  irregularly  over  the  tr-unk  and  limbs,  and  is 
unaccompanied  by  any  other  initial  rash.  It  occurs  usually  in  children,  is 
not  accompanied  by  htemorrhage  from  the  mucous  surfaces  or  elsewhere, 
and  the  spots  are  limited  in  number.  The  characteristic  eruption  of 
small-po.x  appears  at  the  usual  time. 

(2)  Petechio-erythematous  Bashes. — These  are  formed,  as  the  name  im- 
plies, by  a combination  of  petechial  and  erythematous  eruptions.  The 
erythema  may  be  general,  but  is  more  often  partial;  it  is  frequently 
limited  to  the  abdomino-crural  triangle,  sides  of  tnmk,  lumbar  region, 
axilla?,  neck,  and  flexor  surfaces  of  limbs.  It  usually  covers  a larger 
area  than  the  petechial  portion  of  the  rash. 
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When  at  its  height  the  petochio-erythematous  rash,  if  situated  in  the 
abdoinino-crural  triangle,  presents  a red,  sometimes  a deej)  red  colour  at 
the  boi'ders,  deepening  in  colour  towards  the  more  central  portions,  where 
it  often  assumes  a deep  purjjle,  almost  black  colour.  The  petechiie  are 
usually  much  more  closely  set  at  the  central  portions  than  at  the  borders. 
The  skin  is  in  most  cases  smooth,  but  in  some  it  is  faintl}'  raised  and 
rough,  owing  to  the  appearance  of  a few  minute  vesicles.  Should  the 
patient  recover,  the  erythema  disappears  in  a few  days,  but  the  petechire, 
especially  the  purple  ones,  fade  slowly,  leaving  a brownish  discoloration 
which,  gradually  changing  to  yellow,  ultimately  disappears  completely. 

The  petechial  and  petechio-erythematous  rashes  reach  their  full  de- 
velopment in  about  two  or  three  days,  are  usually  not  raised  and  do  not 
itch.  When  accompanied  by  hfematemesis,  hfemoptysis,  hsemorrhages 
from  the  mucous  surfaces  and  kidneys,  and  in  women  by  metrorrhagia, 
they  almost  invariably  foreshadow  haemorrhagic  small-pox.  The  lighter 
the  colour  of  the  petechial  portion  of  the  eruption  the  greater  is  the 
probability  of  the  attack  ending  in  recovery,  and  conversely. 

The  Eruption. — The  characteristic  eruption  of  small-pox  appears,  as  a 
rule,  forty-eight  hours  after  the  onset  of  the  initial  symptoms ; but  there 
are  many  exceptions  to  this  rule.  In  some  cases  a solitary  papule  appears 
on  the  face,  hand,  or  elsewhere  on  the  first  day  of  illness,  and  is  not 
followed  by  others  until  the  usual  time.  In  other  cases  numerous  papules 
appear  on  the  second  da)',  followed  by  an  abundant  eruption  on  the  third 
day,  and  occasionally  the  eruption  does  not  appear  until  the  fourth  day 
of  illness.  The  earliest  papules  are  usually  found  on  the  face,  arms,  and 
back  of  wrists  and  hands,  and  are  succeeded  by  others  on  the  trunk  and 
lower  extremities.  The  bulk  of  the  eruption  on  the  lower  extremities 
is  often  a day  later  in  appearing  than  that  on  the  face  and  upper  ex- 
tremities. In  a number  of  cases  it  appears  on  all  parts  of  the  skin 
simultaneously  ■ in  others,  first  on  the  inner  surfaces  of  the  thighs,  or  on 
the  nates.  Simultaneously  with  its  appearance  on  the  skin,  the  eruption 
appears  on  the  buccal  mucous  membrane,  the  tongue,  hard  and  soft 
palate,  fauces,  and  naso-pharynx  ; also  on  the  vulva,  sometimes  in  the 
vagina  and  in  the  lower  part  of  the  rectum.  The  eniption  does  not 
often  affect  the  oesophagus,  but  is  common  in  the  larynx,  and  occasionally 
in  the  trachea  as  far  as  the  bifurcation  or  a little  lower.  Sometimes  a 
vesicle  forms  on  the  conjunctiva,  but  never  on  the  health)'  cornea. 
Bancroft  has  recorded  a case  in  which  old  keratitis  with  pannus  was 
present.  Upon  the  vascularised  portion  of  the  cornea  a small-po.x  papule 
occurred,  which  underwent  the  evolution  characteristic  of  the  specific 
lesion  upon  a mucous  membrane. 

The  eruption  is  not  distnbuted  uniformly ; as  a rule  it  is  most  abun- 
dant on  the  face,  scalp,  extremities,  and  back,  whilst  the  skin  on  the  front 
of  the  chest  is  less  aflected,  and  the  skin  of  the  abdomen  least.  Tlie 
eruption  on  the  buccal  mucosa,  tonsils,  and  pharynx  is  often  directly 
proportional  to  its  abundance  elsewhere.  Generally  speaking,  it  is  less 
abundant  on  the  flexor  surfaces  of  the  elbows  and  knec.s,  and  in  the  axilhu 
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and  groins,  than  on  the  extensor  surfaces.  On  the  skin  affected  hy  petechio- 
erythematons  raslies  the  characteristic  eruption  of  small-pox  is  usually 
scanty,  and  it  may  he  absent.  In  natural  small-pox  it  varies  in  amount 
from  a few  hundred  vesicles  to  tens  of  thousands ; and  if  it  be  discrete 
the  vesicles  may  sometimes  be  noted  in  groups  of  twos,  threes,  and  fives. 
In  small-pox  modified  by  vaccination  the  whole  of  the  eruption,  in  most 
instances,  is  out  within  twenty-four  hours  from  the  appearance  of  the  first 
papule  ; but  in  natural  small-pox,  especially  in  confluent  cases,  the  papules 
continue  to  appear  until  the  third  day  of  the  eruption.  It  may  frequently 
be  noted  that  the  eruption  is  more  copious  on  areas  of  skin  subjected  to 
special  ])ressure  than  elsewhere ; for  instance,  round  the  waist  in  women, 
on  the  skin  of  the  leg  under  the  garter,  on  the  shoulders  of  men  under 
the  braces,  and  also  on  areas  where  a local  irritant  has  been  applied  before 
the  appearance  of  the  eruption,  round  varicose  sores,  and  so  forth. 

Up  to  the  appearance  of  the  characteristic  eruption  the  course  of  the 
disease  and  the  symptoms  are  alike  in  natural  small-pox  and  in  small-pox 
modified  by  vaccination ; but  the  evolution  of  the  skin  lesion  in  natural 
and  in  modified  small-pox  differs  so  markedly,  the  divergence  of  the 
symptoms  is,  in  the  main,  so  pronounced,  that  it  is  desirable  henceforth 
to  regard  them  as  distinct  diseases,  and  to  devote  separate  consideration 
to  each. 

Natur.-\.l  Small-pox  (or  Variola). — The  eruption  of  natural  small- 
pox consists  at  first  of  minute  bright  red  macules  which  disappear  on 
pressure,  and  are  neither  hard  nor  raised.  In  the  course  of  a few  hours 
tliey  incretise  in  size,  and  are  distinctly  red,  hard,  and  raised.  The 
macule  has  now  become  a papule,  and  the  stages  of  its  growth  from 
papule  to  vesicle,  from  ve.sicle  to  pustule,,  and  its  desiccation,  are  as 
follows: — In  the  course  of  twenty -four  hours  the  papule  has  swelled 
visibly,  and  on  the  second  day  shews  distinct  central  vesiculation.  The 
vesicle  widens  at  its  periphery  day  by  day,  at  the  same  time  filling  out 
with  serum,  loses  its  redness,  and  at  the  fifth  to  sixth  day  of  eruption 
has  attained  the  limit  of  its  growth.  A full-sized  vesicle  is  about  one- 
fifth  to  one-fourth  of  an  inch  across,  circular,  raised  well  above  the  level 
of  the  skin,  translucent,  or  of  the  colour  of  dull  pearl,  with  rounded 
border,  usually  .showing  a shallow  central  depression,  and  its  base  encircled 
by  a narrow  but  distinct  zone  of  redness.  It  is  filled  with  clear,  trans- 
parent serum ; on  being  pricked  a small  quantity  of  this  exudes,  but  the 
vesicle  does  not  empty,  nor  does  its  wall  collapse.  The  central  depression, 
or,  as  it  is  often  termed,  the  umbilication,  of  the  vesicle  is  inyariablj’’  to 
be  noted  in  a large  number  of  vesicles,  but  not  by  any  means  in  all.  At 
the  end  of  the  fifth  or  on  the  sixth  day  of  eruption  the  vesicle  begins  to 
become  oi)aquc.  As  the  opacity  increases  the  vesicle  swells,  losing  at  the 
same  time  its  central  depression,  and  acquires  by  degrees  a dome  shape  ; 
the  surrounding  areola  becomes  brighter,  and  in  three,  or  at  most  four, 
days  from  the  period  of  full  vesicular  growth — that  is  to  say,  on  the 
eighth  or  ninth  clay  of  eruption — it  presents  a circular,  dome-sliaped 


SA/.-1/.L-jPO.X 


497 


uppearance,  is  completelj'  opaque  or  yellow,  is  surrounded  by  a vi\id 
areola,  and  has  now  become  a pustule.  On  running  a pin  through  it 
from  side  to  side  pus  or  turbid  lymph  escapes,  and  on  forcibly  emptying 
the  pustule  its  wall  collapses. 

The  papules  of  natural  small-pox  are  red,  raised,  and  hard.  If  the 
linger  be  firmly  pressed  on  the  skin  and  drawn  slowly  across  it,  the 
papules  feel  like  small  shot  embedded  in  the  skin.  If  the  lesion,  be  it 
papule  or  vesicle,  be  gripped  between  the  thumb  and  forefinger,  it  is  felt 
to  be  in  the  skin,  and  when  the  vesicle  has  grown  to  some  size  its  floor 
is  indurated. 

The  mature  vesicles  vary  much  in  size  on  any  given  area,  some  being 
considerably  smaller  than  the  typical  size  mentioned  above ; others,  often 
on  the  back,  being  larger.  Many  vesicles  when  fully  grown  shew  a 
narrow  white  ring  at  the  periphery,  with,  in  some  instances,  fine  white 
strands  radiating  from  the  centre.  AVhen  this  white  peripheral  ring  is 
present  in  a vesicular  eruption  it  is  usually  regarded  as  diagnostic  of 
small-pox. 

The  areola  is  present  from  the  earliest  stage  of  the  vesicle,  and  is 
at  its  height  on  the  eighth  to  the  ninth  day  of  eruption.  It  is  brightest 
at  its  inner  margin,  shading  off  towards  its  periphery,  is  raised,  and  in  the 
pustular  stage  is  often  more  or  less  indurated.  It  begins  to  fade  with 
the  bursting  and  desiccation  of  the  pustules. 

The  pustule,  if  it  be  not  ruptured  forcibly,  remains  intact  for  a day 
or  more ; then,  if  it  rupture,  usually  in  the  centre,  pus  escapes,  and, 
rapidly  drying,  forms  a dirty  yellow  crust ; if  it  remain  intact  it  desic- 
cates, forming  a slightly  raised,  flat,  brown  prominence  which  falls  off 
later.  The  majority  of  the  pustules  rupture. 

From  the  first  appearance  of  the  macule  the  successive  stages  of 
papule,  vesicle,  and  pustule  with  incrustation  occupy  about  ten  to  twelve 
days.  The  crusts  now  begin  to  fall  ofip,  exposing  a red  surface  which  may 
be  raised,  flat,  or  depressed  ; in  the  last  case  it  may  or  may  not  be 
ulcerated  ; or  the  crusts  may  adhere  for  a week  or  more  unless  removed  by 
suitable  applications.  The  unruptured  pustules,  by  partial  absorption  or 
evaporation,  become  inspissated  and  of  a brownish  colour,  this  Ijeing 
especially  noticeable  on  the  palms  and  soles.  The  wall  shrivels,  and  the 
pustule,  losing  its  dome  shape,  becomes  flattened ; after  a time  its  wall 
ruptures,  and  the  dried  contents  and  epidermis  fall  off  together,  exposing 
in  some  cases  a raised,  in  others  a flat,  and  sometimes  a depressed,  red 
epidermis. 

Concurrently  with  the  appearance  of  the  skin  lesion,  eruption  de- 
velops on  the  buccal  mucosa,  palate,  tonsils,  pharynx,  and  often  also  on 
the  epiglottis,  larynx,  and  trachea.  At  first  small  bright-red  spots  arc 
seen  which  quickly  increase  in  size.  The  central  portion  soon  assumes 
a white  ajjpearance,  and  V>y  the  second  or  third  day  of  eruption  they 
shew  as  .small  roundish  white  spots  of  about  the  size  of  a millet-seed. 
When  they  have  attained  the  limit  of  their  growth  on  the  third  oi-  fourth 
day  they  are  smaller  than  the  vesicles  on  the  .skin.  Sometimes  they 
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shew  a narrow  areola.  There  is  often  mucli  swelling  of  the  tonsils  and 
mucosa  generally.  About  the  fifth  day  of  eruption,  or  sooner,  many 
of  the  vesicles  rupture,  exposing  a ragged,  ulcerated  surface ; this,  if  the 
eruption  be  confluent  on  the  fauces  and  palate,  has  the  a])pearance  of 
dirty,  disintegrating,  diplitheritic  membrane.  Tlie  shreds  of  mucous  meJii- 
brane  come  away,  the  ulceration  heals,  the  swelling  of  the  parts  subsides, 
and  the  throat  resumes  its  normal  condition  about  or  before  the  time 
that  the  crusts  are  falling  off  the  skin. 

Although  the  evolution  of  the  skin  lesion  of  natural  small-pox  con- 
forms to  tlie  description  ju.st  given,  the  whole  of  the  vesicles  do  not 
attain  their  full  development  simultaneously.  Those  that  appear  first 
maintain  their  lead  throughout ; and  those  on  the  face  are,  in  point  of 
development,  usually  a day  in  advance  of  those  on  the  lower  extremities  ; 
but  on  any  given  part  of  the  body  some  vesicles  are  in  advance  of  othens, 
and  later,  while  some  of  the  pustules  have  ruptured  and  crusts  are  form- 
ing, some  shrink,  others  desiccate  unruptured,  and  a few  abort.  So  that 
on  the  limbs,  for  instance,  there  can  usually  be  seen  dirty  yellow  scabs 
and  brown,  desiccated,  unruptured  pustules  mixed  together.  On  the 
face,  however,  most  of  the  pustules  burst.  When  the  crusts  have  fallen 
off,  and  the  ulceration  healed,  a branny  or  powdery  desquamation  follows, 
not  only  on  the  part  of  the  skin  covered  by  the  pustule,  but  on  the  inner 
margin  of  the  areolar  area.  If  the  pustules  desiccate,  unruptured  desqua- 
mation often  takes  place  on  the  areolar  surface,  sometimes  before,  some- 
times after,  the  desiccated  pustule  has  separated  from  the  skin. 

Symptoms. — The  symptoms  present  in  the  iwe-eruptive  stage,  head- 
ache, backache,  pyrexia,  and  so  forth,  abate  or  subside  comjjletely  when 
the  eruption  is  fully  out — in  many  cases  even  before  the  entire  eruption 
has  appeared. 

In  the  vesicular  stage,  apart  from  the  heat,  itching,  and  discomfort 
due  to  the  eruption,  many  patients  are  free  from  pain  and  fairly  comfort- 
able. But  in  severe  cases  with  abundant  eruption,  deglutition  maj^  be 
painful  or  ditficult,  and  there  is  generally  laryngeal  discomfort  with  husky 
voice  and  cough.  Many  patients  are  restless  and  sleepless ; while  noisy, 
violent,  and  sometimes  crafty  delirium  may  be  noted,  especially  in  con- 
fluent cases  and  in  those  with  hcemorrhagic  manifestations  round  or  under 
the  vesicles.  As  the  vesicles  approach  the  limit  of  their  growth  there  is 
often  considerable  oedema  of  the  skin,  usually  most  marked  on  the  face, 
neck,  and  limbs.  About  the  sixth  day  of  eruption,  v'hen  the  stage  of 
pustulation  begins,  the  temperature  rises,  febrile  symj)toms  develop,  the 
areola  becomes  wider  and  more  vivid,  the  swelling  of  the  skin  increases, 
the  vesicles,  as  they  swell,  assume  a dull  white  colour,  the  central  depres- 
sion is  obliterated,  the  surface,  where  the  eruption  is  confluent,  having 
the  appearance  of  rough  parchment.  At  the  height  of  the  pustular  stage 
the  vesicles  have  become  yellow  pustules,  the  areola  being  often  deep  red 
and  slightly  indurated,  while  the  general  condition  of  the  patient  becomes 
increasingly  uncomfortable  and  painful.  If  the  eruption  be  discrete,  the 
dome-shaped  yellow  pustules,  encircled  by  vivid  red  areola),  stand  out  well 
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above  the  general  level  of  the  skin ; but  when  confluent,  the  surface  of 
the  skin,  covered  with  the  closely  set  pustules,  is  more  or  less  uniformlv 
raised,  except  on  areas  tvhere  the  distended  pusttdes  have  coalesced  and 
formed  large  bladders  filled  with  pus.  In  the  milder  cases  the  swelling 
of  the  skin  is  usuall}’  moderate,  but  in  severe  attacks  there  is  much  sub- 
cutaneous oedema ; the  eyelids  are  often  greatly  swollen  and  can  only  be 
opened  with  difficulty,  if  at  all ; the  nose  forms  a rounded  potato-like 
protuberance  ; the  great  swelling  of  the  lips  and  buccal  mucosa  causes  the 
mouth  to  giipe,  with  saliva  sometimes  trickling  from  it ; the  cheeks  and 
neck  are  baggy ; the  contour  of  the  face  and  neck  almost  obliterated,  and 
the  features  so  disfigured  that  the  ^latient  is  not  recognisable  by  his  nearest 
friends.  The  extremities,  the  forearms,  hands  and  feet  especially,  are  much 
swollen  and  often  acutely  painful,  the  fingers  being  kept  in  a partially 
Hexed  position,  while  the  weight  of  the  bedclothes  and  the  pressime  of 
the  mattress  on  the  skin  cause  much  discomfort  and  suffering.  The 
tongue,  mouth,  and  throat,  swollen  and  covered  with  shreds  of  disin- 
tegrating mucous  membrane  and  secretion,  become  dry  and  parched ; 
there  is  great,  often  uncptenchable,  thirst,  with,  it  may  be,  difficult  and 
painful  deglutition  and  offensive  breath.  The  milder  eases  do  not,  as  a 
rule,  shew  much  restlessness  or  sleeplessness,  and  delirium  is  rare ; but  in 
severe  cases  these  symptoms  are  pronounced,  low  muttering  delirium  is 
frequent,  occasionally  noisy  and  violent,  and  the  constitutional  symptoms 
are  severe,  tvith  signs  of  increasing  weakness  and  prostration.  The  voice 
is  usually  husky,  the  cough  harsh  and  troublesome  with  embarrassed 
breathing  in  some  cases,  and  often  copious  expectoration.  There  is 
usually  little  vomiting,  large  cjuantities  of  nourishment  being  retained. 
The  boAvels  are  generally  constipated,  but  occasionally  diarrhoea  is  jJresent. 

AMien  the  pustidation  of  the  vesicles  is  matime — -ninth  or  tenth  day, 
usually  a day  or  so  earlier  on  the  face  and  arms  than  on  the  lower 
extremities — the  stage  of  incrustation  begins.  The  pustules  burst,  and 
the  oozing  pus  as  it  dries  forms  crusts  and  scabs,  the  areola  fades,  and 
the  subcutaneous  oedema  .subsides.  There  is  pronounced  fetor  from  the 
oozing  pus,  and  the  appearance  of  the  patients  is  repulsive.  By  this 
time,  or  earlier  in  favourable  cases,  the  faucial  discomfort  and  distress 
will  have  lessened,  aiul  the  urgency  of  the  laryngeal  symptoms  subsided, 
though  cough  and  expectoration  are  often  troublesome.  In  favourable 
c-a-ses,  as  the  proce.ss  of  incrustation  proceeds  the  intensity  of  the  synqjtoms 
of  the  stage  of  pustidation  abates  in  some  degree,  .sleeplessness  being  less 
marked,  the  rnirid  less  confused,  and  the  temperature  lov'^er.  But  the 
fjatient  begins  to  feel  increasingly  Aveak,  often  sheAving  A^ery  pronounced 
.signs  of  physical  prostration  and  exhaustion.  In  unfavourable  cases  the 
intensity  of  the  symptoms  increases,  the  jiulsc  becomes  e-xceedingl}^  rapid, 
the  temperature  rises  to  105'’  F.  or  lOG^  F.,  respiration  is  hurried  and 
shalloAV',  tremors  and  subsultus  are  marked,  the  sphincters  are  pandysed, 
the  low  muttering  delirium  merges  into  stupor,  and  the  patient  succumbs, 
u.siiaily  betAvecn  the  idnth  and  fourteenth  days  of  the  disease. 

With  the  completion  of  the  process  of  incrustation  •— tAvelflh  to 
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fourteenth  day — the  crusts  and  scabs  begin  to  come  away,  but  many 
adhere  for  a considerable  time  unless  decrustation  be  hastened  by  suitable 
applications.  As  decrustation  advances,  though  the  skin  is  reddened, 
disfigured  by  crusts,  ulceration,  discoloured  d6bris,  and  descjuamation,  the 
features  become  recognisable.  In  the  absence  of  complications  the  patient 
now  convalesces  rapidly  or  gradually  according  to  the  severity  of  the 
attack.  In  the  mild  cases  convalescence  begins  about  the  end  of  the 
second  week ; in  confluent  cases  usually  not  till  the  middle  or  end  of  the 
third  week,  and  then  only  in  the  absence  of  complications. 

In  some  instances  during  incrustation  the  skin  surrounding  the  pocks 
becomes  reddened  and  inflamed,  with  the  formation  of  bullte  of  varying 
sizes.  These  burst  and  discharge  their  turbid  contents,  crusts  form,  and 
an  impetiginous  condition  of  skin  results  which  is  usually  accompanied 
by  pyrexia  and  constitutional  symptoms,  sometimes  of  considerable 
severity.  The  speedy  removal  of  the  crusts  during  the  incrustation  stage 
does  much  to  prevent  the  occurrence  of  this  condition.  Septic  eiythemas, 
accompanied  generally  by  a raised  temperature,  appear  in  some  instances 
during  the  late  pustular  and  early  incrustation  stages.  The  rash  is 
usually  patchy,  affecting  mostly  the  flanks,  abdomen,  and  lower  part  of 
the  chest,  but  sometimes  its  distribution  is  moi’e  general.  In  tint  it  may 
resemble  measles,  but  hardly  in  other  charactei'istics.  In  some  cases  an 
erythema  resembling  that  of  scarlet  fever  has  been  noted.  Conjunctivitis, 
with  or  without  muco-purulent  discharge,  is  present  in  many — chiefly  the 
confluent — cases,  and  not  infrequently  purulent  ophthalmia  occurs  in 
infants  and  very  young  children.  Other  eye  conditions  arise  which  will 
be  mentioned  later  (p.  512). 

The  temperature,  which  during  the  initial  symptoms  may  have  reached 
104°  F.,  or  higher,  begins  to  fall  soon  after  the  eruption  appears;  by 
the  end  of  the  first  or  on  the  second  day  of  eruption  it  has  fallen  in 
discrete  cases  to  99°,  or  even  to  normal  or  subnormal;  but  in  con- 
fluent cases  it  often  does  not  fall  much,  if  at  all,  below  100°.  Tlie 
remission  continues  in  mild  cases  till  the  vesicles  begin  to  be  opaque, 
but  in  severe  cases  the  period  may  be  rather  shorter.  The  temperature  rises 
with  the  progress  of  pustulation.  When  this  process  is  at  its  height  dis- 
crete cases  shew  a temperature  of  102°  or  103°,  rarely  104°  F.  In  con- 
fluent cases  it  rises  to  104°  or  105°,  and  in  fatal  cases  even  higher.  This 
is  the  so-called  secondary  fever  of  small-pox.  The  morning  remissions 
are  usually  one  or  two  degrees.  The  temperature  falls  gradually  as  the 
incrustation  proceeds,  and  in  uncomplicated  attacks  usually  becomes 
normal  between  the  eleventh  and  fourteenth  days  of  the  disease,  according 
to  the  severity  of  the  illness.  If  the  skin  lesions  be  deep,  and  .septic 
manifestations  or  complications  ensue,  the  pyrexia  maj^  persist  for  a 
considerable  time. 

In  the  early  stage  of  eruption,  with  the  fall  of  temperature,  the  pulse 
slows  to  so  or  90  ; in  mild  cases  even  to  normal;  in  confluent  cases  to 
90  or  100.  It  remains  slow  till  the  pustuhir  stage,  then  it  becomes 
rapid,  and  in  discrete  cases  is  usuall)’’  full  and  regular ; but  in  confluent 
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attacks  at  the  height  of  the  jmstular  stage  it  becomes  very  rapid — 120 
to  130  or  more,  and  visible  pulsation  of  the  carotids  may  often  be 
noticed.  In  the  pustular  and  incrustation  stages  it  is  often  feeble  and 


irregular. 

Jlespiration  is  usually  not  much  quickened  in  the  vesicular  stage, 
e.vcept  ill  cases  with  marked  laiyngeal  symptoms ; but  in  severe  cases  in 
the  pustular  stage  it  becomes  rapid,  shallow,  and  often  embarrassed. 

Emaciation  is  not  a feature  of  the  milder  forms  of  small-pox,  but  after 
severe  attacks  it  is  marked ; if  serious  complications  ensue,  it  may  be 
extreme.  The  appetite  returns  in  the  milder  cases  as  soon  as  the  tem- 
perature falls ; in  severe  and  complicated  attacks,  more  slowly.  During 
convalescence  many  patients  eat  ravenously. 

^lODlFiED  SM.A.LL-POX  (OR  Varioloid). — Of  the  cases  that  occur  in 
vaccinated  subjects  a large  proportion  is  modified  by  vaccination.  The 
evolution  of  the  eruption  is  often  so  completely  altered  that  it  is  difficult 
to  recognise  the  identity  of  the  natural  and  the  modified  diseases. 

In  modified  small-pox  the  eruption,  as  a rule,  is  fully  out  within 
twenty-foim  hours  of  the  appearance  of  the  first  papule,  but  sometimes 
not  till  later.  Usually  it  is  not  very  abundant.  The  macules  quickly 
become  papules,  and  many  shew  minute  vesiculation  at  the  end  of  twenty- 
foiu’  hours.  The  vesicles  often  attain  their  full  growth  in  about  three  or 
four  days.  In  size  they  are  usually  smaller  than  those  of  natural  small- 
pox, more  conical,  perhaps  less  regularly  circular,  very  often  shewing  a 
slight  central  depression  only  or  none  at  all,  and  surrounded  by  a ver}^  faint 
red  line.  On  the  third  or  fourth  day  of  eruption  many  of  the  vesicles 
become  opaque,  the  lymph  is  cloudy,  and,  from  the  arrest  of  the  process 
of  pustulation  at  this  time,  they  do  not  become  pustules,  but  shrink  and 
desiccate,  the  inspissated  contents  forming  small,  brown,  flattish,  slightl}’ 
raised  prominences  about  the  size  of  a millet-seed  under  the  horny  epi- 
dermis. Those  that  become  pustules  attain  the  stage  of  full  pustulation 
in  about  six  days  from  the  appearance  of  the  eruption ; they  are  usually 
smaller  than  the  pustules  of  natural  small-pox,  more  conical,  surrounded 
by  narrow  areolie,  and  often  do  not  rupture.  If  they  rupture,  the  contents 
form  small,  rounded,  dirty  yellow  or  brownish  crusts  of  varying  size, 
which  in  the  course  of  a week  or  less  fall  off,  exposing  a flat,  reddened, 
healed  surface.  The  distinctive  feature,  therefore,  of  the  eruption  of 
small-pox  modified  by  vaccination  is  that  its  evolution  is  hastened  in  all 


its  stages. 

^^'ithin  a few  hours  of  the  appearance  of  the  eruption  in  many  cases, 
in  others  not  until  the  eruption  is  fully  out,  the  symptoms  of  the  ]ire- 
eruptive  .stage  subside  and  the  temperature  falls  to  normal.  In  some  it 
ri.ses  a few  degrees  when  the  eruption  is  pustular,  but  in  many  it  remains 
normal  throughout  the  subsequent  course  of  the  illness,  'fhe  constitu- 
tional symptoms  are  therefore  of  the  mildest,  and  in  many  patients  the 
ilisease,  as  far  as  regards  subjective  symptoms,  is  over  when  the  enqition 
is  fully  out.  In  cases  with  a very  abundant  eruption  there  is  often  con- 
siderable swelling  of  the  extremities  and  face,  with  Lcdcma  of  the  eyelids. 
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and  perhaps  considerable  itching  and  discomfort  for  a day  or  two,  but 
the  intense  irritation  and  pain  noted  in  those  suffering  from  severe  natural 
small-pox  are  absent.  In  such  cases  there  is  some  pyrexia  and  the 
appetite  is  impaired,  but  the  speedy  involution  of  the  eruption  in  the 
pustular  stage  limits  the  duration  and  intensity  of  the  symptoms,  and 
the  patient  soon  enters  on  convalescence,  which  is  usually  uninterrupted  ; 
with  few  exceptions  no  complications  or  secpiels  follow  except  a few  boils, 
an  occasional  attack  of  mild  facial  erysipelas,  slight  conjunctivitis,  or  a 
small  corneal  ulcer.  Kecovery,  except  in  rare  instances,  is  rapid  and 
complete,  patients  being  with  difficulty  restrained  from  going  out  among 
the  public  before  they  are  free  from  infection.  Death,  when  it  occurs,  is 
usually  due  to  some  antecedent  disease. 

In  both  natural  and  modified  small-pox  albuminuria,  •\\dth  or  without 
casts,  is  frequent,  but  usually  is  not  very  marked.  It  may  occur  in  the 
initial  stage,  when  pyrexia  is  high,  and  in  patients  with  early  hsemorrhagic 
manifestations,  but  more  often  it  appears  during  the  vesicular  or  pustular 
stages,  and  sometimes  later.  It  may  persist  for  a considerable  time ; but 
the  signs  associated  wdth  nephritis,  such  as  diminished  excretion  and 
general  oedema,  are  not  often  met  with.  Hsematuria  is  often  present  in 
hremorrhagic  attacks. 

In  the  severer  forms  of  small-pox  the  lymphatic  glands  are  generally 
perceptibly  enlarged.  The  enlargement  is  observed,  for  the  most  part, 
in  the  inguinal  and  axillary,  sometimes  in  the  cervical,  glands ; it  comes 
on  during  the  vesicular  stage,  persists  till  the  stage  of  incrustation,  and 
then  gradually  subsides. 

It  is  desirable  now  to  proceed  to  the  consideration  of  small-pox  with 
special  reference  to  the  chai'acter  and  abundance  of  the  eruption.  ^\ith 
this  in  view  it  is  convenient  to  form  four  groups  or  classes — -viz.,  (1) 
Small  pox  without  eruption ; (2)  Discrete  small-pox ; (3)  Confluent 
small-pox ; (4)  Heemorrhagie  small-pox — and  to  consider  separately  in 
each  class  the  natural  and  the  modified  forms,  bearing  in  mind  that 
natural  small-pox  is  not  restricted  to  unvaccinated  persons,  but  may 
occur  in  vaccinated  subjects  in  whom  the  immunity  afforded  by  vaccination 
has  ceased.  In  regard  to  the  confluent  class,  I include  therein  all  cases 
with  a moderate  degree  of  confluence,  usually  styled  semi-confluent  small- 
pox, deeming  it  preferable  to  regard  these  as  confluent  cases  of  moderate 
severity,  thereby  avoiding  unnecessary  repetition. 

Premising  that  the  incubation  - period,  initial  stage,  and  date  of 
appearance  of  eruption  are  alike  in  these  classes,  I now  jjroceed  to  a 
detailed  description  of  each. 

1.  Small-pox  without  Eruption. — Occasionally  such  cases  are  seen. 
The  initial  S3miptoms  are  those  already  described,  and  ma}’’  be  either 
mild  or  severe,  and  may  be  accompanied  by  a partial  initial  erythema. 
At  the  time  that  the  characteristic  eruption  should  appear  the  symptoms 
subside,  the  temperature  falls  to  normal,  no  eruption  follows,  and  in  a 
short  time  the  patient  is  quite  well.  I have  only  seen  such  cases  in 
vaccinated,  and  sometimes  in  revaccinated  subjects  ; one  such  case 
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apiKii'ently  communicated  the  disease  to  another  person,  wlio  passed 
through  an  attack  of  modified  small-pox. 

2.  Discrete  Small -pox. — A.  Discrete  Natural  Small-pox. — The  full 
amount  of  eruption  is  out  usually  Avithin  twenty-four  hotirs  from  the  appear- 
ance of  the  first  spot ; on  the  fifth  day  of  eruption  (seventh  of  disease) 
the  vesicles  are  of  full  size,  encircled  bj''  a narrow  areola  ; on  the  seventh  to 
the  eighth  day  of  the  disease  commencing  opacity  is  seen  in  many  of  the 
vesicles,  and  l)y  the  ninth  day  most  of  them  are  quite  opaque,  and  those 
on  the  face  are  pustular,  a bright  areola  encircling  each.  The  pustules 
on  the  face  rupture  first,  and  small  light  or  dirty  jmllow  crusts  form. 
On  the  extremities  and  trunk  some  rupture,  others  de.siccate  unruptured, 
and  towards  the  end  of  the  second  week  of  the  disease  in  many  cases 
decrustation  is  proceeding  and  the  patient  enters  on  convalescence.  The 
temperature  usually  falls  to  normal  in  the  vesicular  stage,  rises  a few 
degrees  in  the  pustular,  but  is  seldom  higher  than  101°  to  102°  F., 
though  it  may  in  some  instances  rise  to  104°,  and  falls  with  the  incrusta- 
tion of  the  pustules.  The  pulse  seldom  exceeds  120.  There  is  a good 
deirl  of  swelling  of  the  face  and  skin  generally  ; and  during  the  late 
vesicular  and  pustular  stages  the  patient  suffers  pain  and  much  discomfort 
from  the  eruption,  and  in  addition  there  may  be  sore  throat,  due  to 
eruption  on  the  tonsils  and  neighbouring  parts.  The  mind  is  sometimes 
confused,  but  delirium  is  very  rare.  In  infants  and  children  under  three 
years  of  age  the  condition  of  the  throat  may  cause  them  to  take  nourish- 
ment unvnllingly.  Lung  complications  are  rare  except  in  infants  and 
children  up  to  four  years  of  age,  in  whom  larjmgitis,  bronchitis,  and, 
sometimes  in  the  later  stages,  bronchopneumonia  occur.  Multiple  super- 
ficial abscesses,  erysipelas,  cellulitis,  septictemia,  transient  facial  paralysis, 
conjunctiAutis  or  corneal  ulcer,  and  otitis  occur  as  complications,  mostly 
in  infants  and  young  children,  convalescence  in  those  over  five  years  of 
age  being  usually  uninterrupted.  Deep  pitting  occasionalh^  results,  but 
usually  not,  and  there  tnay  be  none  at  all.  Death  is  usually  due  in 
infants  and  children  to  septicsemia,  cellulitis,  or  to  laryngeal  and  lung 
complications. 

B.  Discrete  Modified  Small-pox. — If  the  eruption  be  fairly  copious  the 
distribution  is  that  described  on  p.  495.  But  if  there  be  a comparatively 
sparse  eruption,  some  pocks  will  usually  be  observed  on  certain  areas  of 
skin,  viz.  just  above  and  between  the  eyebrows,  the  nose,  the  cheeks 
below  the  eyes,  over  the  sacrum,  above  the  patella,  under  the  inner 
malleoli,  and  in  the  internal  aspect  of  the  instej).  It  is  not  abundant  as 
a rule,  and  the  number  of  vesicles  may  not  exceed  half-a-dozen ; usually 
there  are  a few  vesicles  on  the  face,  limbs,  and  trunk  ; but  I have  seen  a 
cfi.se  with  only  five  ve.sicles  all  told,  and  these  situated  on  the  na]>e  of 
the  neck.  .\Iuch  of  the  eruption  is  slightly  vc.sicular  within  twenty-four 
hours  of  its  appearance,  but  in  some  cases  the  pa[)ular  stage  lasts  for  a 
couple  of  days  before  this  hfippens.  The  course  of  the  disease  is  short : 
the  temperature  falls  to  normal  with  the  appearance  of  the  cru])tion,  aiul 
in  verj'  many  cases  docs  not  rise  again.  In  the  mildest  attacks  the 
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patient  feels  quite  well  aftei’  the  initial  symptoms  have  subsided,  and  the 
disease,  so  far  as  regards  subjective  symptoms,  is  at  an  end. 

In  cases  with  a copious  eruption  the  temperature  rises  to  99°  or  100° 
F.  during  the  pustular  stage ; the  pulse  is  slightly  accelerated,  but  the 
constitutional  symptoms  are  very  slight,  the  patient  being  convalescent 
within  a week  or  ten  days  of  the  onset  of  the  disease.  It  is  free  from 
danger  to  life,  and  convalescence,  save  for  an  occasional  boil  or  rare 
attack  of  facial  erysipelas,  is  usually  uninterrupted. 

In  certain  cases  of  modified  small-pox  some  of  the  vesicles  on  the  face, 
especially  on  the  nose  and  cheeks,  do  not  desiccate  and  fall  off  in  the  usual 
manner.  The  lymph  appears  to  become  partially  organised,  and  a verru- 
cose  condition  results. 

Owing  to  the  modifications  produced  in  the  characteristic  eruption  by 
vaccination,  many  forms  of  small-pox  based  on  these  modifications  have 
been  described,  such  as  miliary,  crystalline,  acniform,  and  so  forth ; but 
the  varieties  are  fanciful  rather  than  important. 

Marson  described  a variety  based  on  the  distribution  and  aggrega- 
tion of  the  vesicles,  which  he  named  corymbose  small-pox.  Clusters  of 
vesicles  like  corymbs  appear  on  different  parts  of  the  skin,  and  the  attacks 
vmre  usually  if  not  invariably  fatal.  This  variety  I have  not  seen. 

Rare  Farms  of  Discrete  Small -j)0x,  attended  by  Severe  Nervovs 
Symptoms.  — Some  attacks  of  discrete  small -pox  in  vaccinated  and  un- 
vaccinated subjects  are  ushered  in  by  great  mental  disturbance,  delirium, 
convulsions,  and  perhaps  coma.  In  some  cases  these  symptoms  subside 
on  the  appearance  of  the  eruption  or  shortly  after ; but  in  others  there 
is  no  intermission  of  the  initial  delirium,  which  becomes  more  and  more 
violent,  and  merges  into  acute  mania  that  may  last  several  weeks.  If 
these  symptoms  subside  the  attack  results  in  complete  recovery ; but 
permanent  dementia  may  result.  In  other  cases  the  coma  of  the  initial 
stage  becomes  more  profound,  and  the  patient  dies  in  a few  days  Avithout 
regaining  consciousness.  In  a few  instances  convulsions  set  in  about  the 
seventh  to  the  ninth  day  of  illness,  coma  rapidly  supervenes,  there  is  high 
temperature,  and  the  patient  dies  in  twenty -four  to  forty -eight  hours. 
Only  in  very  rare  cases  does  recovery  take  place.  The  symptoms  are 
usually  due  to  congestion  of  the  brain,  and  sometimes  to  hicmorrhage 
under  the  pia  mater. 

In  very  rare  cases  symptoms  of  great  mental  confusion,  with  loss 
of  the  power  of  co-ordination,  occur  in  the  initial  stage,  accompanied  by 
aphasia,  and,  it  may  be,  also  by  partial  or  complete  paralysis  of  the 
extremities.  Sometimes  the  patient  is  thought  to  be  drunk.  This  state 
lasts  a varying  time,  one,  two,  or  three  weeks ; the  patient  then  begins 
to  recover  the  use  of  his  limbs,  and  the  power  of  articulation  returns 
sloAvly,  the  utterance  being  difficult,  thick,  and  jerky.  The  iraralysis  and 
loss  of  co-ordination  last  a Amry  long  time  after  the  patient  is  com-alescent, 
and  his  Avalk  in  many  respects  resembles  that  of  tabes  dorsalis.  Time, 
hoAvever,  brings  gradual  improvement ; the  general  health  is  good,  and 
the  symptoms  ameliorate  if  complete  recovery  do  not  take  jdace. 


SM.I/.L-FOX 


505 


3.  Confluent  Small-pox.  — A.  Confluent  Xatural  Small-pox. — This 
includes  all  degrees  of  confluence,  limited  in  some  to  small  ai'cas  of  confluent 
vesicles  on  the  face  and  extremities  j in  others  the  skin  of  the  face,  neck, 
limbs,  chest,  and  back  is  completely  covered  by  vesicles,  with  often  profuse 
eruption  on  the  buccal  mucosa,  tonsils,  and  phaiynx.  In  the  former  the 
eruption  is  fully  out  within  twenty-four  to  thirty-six  hours  of  the  appear- 
ance of  the  rash,  in  the  latter  not  until  the  second  or  in  some  cases  third 
day  of  eruption.  Shortly  after  the  appearance  of  the  eruption,  the  skin  of 
the  forearms  and  face  often  becomes  deeply  hypertemic,  in  some  uniformly 
erythematous ; and  as  the  vesicles  grow  their  paler  outlines  are  thi-own 
into  relief  against  the  reddened  background  of  skin.  The  temperature 
falls  in  milder  cases  to  99°  F.  or  to  normal,  but  in  the  severer  not  much, 
if  at  all,  below  100°  F.  Ditring  the  period  of  vesicular  growth  in  milder 
cases  the  patient  is  free  from  restlessness,  and,  but  for  the  heat,  itching, 
and  discomfort  of  the  eruption,  feels  tolerably  well.  In  severer  cases, 
especially  those  in  which  the  eruption  is  completely  confluent  on  the  face 
and  extremities,  there  is  frequent  husky  cough,  some  difficulty,  it  may 
be  pain,  in  deglutition,  with  intense  irritation  of  the  skin  and  discomfort 
towards  the  end  of  the  vesicular  period.  So  acute  is  it  that  patients 
often  tear  the  epidermis  completely  off  their  arms,  legs,  and  face,  exiDosing 
a raw  oozing  stuface.  The  skin  dries  rapidly,  becomes  stiff,  rough,  and 
of  a deep  mahogany  colour.  In  these  cases  the  temperature  rises  to 
104°-105°  F.,  or  higher;  there  is  extreme  restlessness,  much  delirium, 
rapid  pulse,  and  the  patient  succumbs  about  the  ninth  or  tenth  day  of 
the  disease. 

In  the  majority  of  confluent  cases,  as  the  vesicles  approach  their  full 
growth,  there  is  considerable  subcutaneous  oedema,  most  marked  on  the 
face,  neck,  forearms,  hands,  and  feet.  At  the  height  of  the  vesicular 
period,  and  in  the  pustular  stage,  the  eyelids  are  often  intensely 
cedematous,  the  upper  eyelid  overlapping  the  lower ; the  patient  is  quite 
unable  to  open  his  eyes,  and  the  lids  can  with  difficulty  be  separated. 
Conjunctivitis  ndth  muco-pm’ulent  discharge  is  of  frequent  occurrence. 
The  nose,  cheeks,  and  lips  swell  enormously,  the  neck  even  in  a greater 
degree ; the  hands  and  feet  are  swollen  and  acutely  tender  to  the  touch, 
the  fingers  being  partially  flexed.  There  is  copious  eruption  on  the 
buccal  mucous  membrane,  fauces,  and  pharynx ; the  voice  is  husky,  the 
cough  harsh  and  troublesome,  saliva  trickles  from  the  open  mouth,  and 
deglutition  is  painful  and  sometimes  difficult.  A day  or  two  later  pus 
oozes  from  freshly  ruptured  pustules  and  from  under  the  recently  formed 
.scabs ; there  is  much  fetor,  and  the  patient  presents  a picture  of  hideous 
disfigurement  and  helpless  bodily  discomfort  without  a parallel  in  acute 
infectious  diseases.  There  is  high  temperature  (103°  to  105°  F.,  or  even 
higher),  quick  pulse,  rapid  breathing,  cough  ;ind  expectoration  of  mucus, 
fetid  breath,  unquenchable  thirst,  extreme  restlessness,  sleeplessness,  and 
often  delirium.  In  favourable  case.s,  coincidently  with  the  incrustation 
proce.s.s,  the  subcutoneous  redcnia  subside.s,  and  the  patient  is  able  to  ojjcn 
hi.s  eyes.  ,\s  decrustation  advaiices  the  features  begin  to  resume  their 
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norniiil  outlines,  and  during  the  third  week  of  the  disease  the  imtient 
generally  enters  on  the  stage  of  convalescence.  In  unfavourable  cases, 
and  these  form  50  per  cent  of  the  confluent  attacks,  septicajmia  sets  in, 
the  temperature  rises  to  105°-107°  F.,  the  pulse  becomes  rapid,  vmak, 
and  irregular ; the  voice  is  husky,  frequent  cough  with  much  expectoi’at- 
ing,  rapid,  shallow  breathing  sometimes  attended  by  dy.si)noea,  much  fetor, 
muscular  tremors,  and  sometimes  diarrhoea  come  on;  the  urine  and  fseces  are 
passed  involuntarily,  low  muttering  delirium  is  more  or  less  constant, 
merging  into  stupor,  and  the  patient  succumbs  usually  from  the  tenth  to 
the  fifteenth  day  of  the  disease.  If  the  patient  survive  till  decrustation 
be  well  advanced,  pleurisy,  pneumonia — in  children  usually  bi’oncho- 
pneumonia — deep  and  extensive  cellulitis,  diarrhoea  or  other  complication 
may  supervene ; and  such  complications  often  prove  fatal. 

A striking  form  of  confluent  small-pox  deserves  separate  notice.  In 
some  of  the  completely  confluent  cases  the  vesicles  at  the  usual  period  of 
full  vesicular  development  (fifth  to  sixth  day  of  eruption)  are  flat,  with 
very  shallow  central  depressions,  onlj;'  partiall}'-  filled  with  serum  not 
translucent,  but  of  a doughy  or  pasty  hue ; there  is  not  much,  if  an)', 
subcutaneous  oedema  ; the  features,  though  blurred,  are  recognisable  ; the 
eyelids  are  not  oedematous  ; there  is  little  swelling  of  the  face,  hands,  or 
feet  other  than  that  due  to  the  confluent  vesicular  eruption ; the  skin  is 
rough  and  flat,  presenting  the  appearance  of  coarse  parchment.  The 
temperature  ranges  from  about  100°  to  102°  F.  in  the  vesicular  stage  to 
104°  or  higher  in  the  pustular  stage ; the  pulse  is  rapid  and  weak,  the 
mind  is  confused ; there  is  great  prostration,  but  not  usually  much  dis- 
comfort. Keratitis,  rapidly  involving  the  entire  cornea,  often  occurs. 
It  is  not  accompanied  by  conjunctival  injection  or  discharge.  The  first 
sign  is  a loss  of  corneal  lustre  followed  by  cloudiness  and  complete  opacity. 
The  whole  cornea  may  become  opaque  in  twenty-four  to  thirty-six  hours 
from  the  onset  of  the  condition ; a portion  or  the  whole  of  it  may  slough 
off  in  a day  or  two,  and  partial  or  complete  anterior  staphyloma  result. 
The  keratitis  sometimes  affects  both  eyes,  but  usually  only  one,  or  one 
less  extensively  than  the  other.  This  form  of  confluent  small-pox  is 
usually  fatal,  death  taking  place  from  the  ninth  to  the  eleAmuth  day  of 
the  disease.  Occasionally  recovery  takes  place  in  patients  between  the 
ages  of  ten  and  twenty  years,  but  it  is  slow  and  protracted,  and  there  is 
much  emaciation. 

B.  Confluent  Modified  Small-2)0X.- — The  course  of  the  disease  in  this  class 
of  cases  is  precisely  similar  to  that  of  confluent  natural  small-pox  till 
about  the  thii'd  or  foiu'th  day  of  the  eruption,  when  the  vesicles  have 
attained  their  full  growth,  being  in  most  instances  considerably  smaller 
and  more  coTiical  than  those  of  confluent  natural  small-pox.  But  at  this 
time  a remarkable  change  iii  the  evolution  of  the  eruption  takes  place. 
Instead  of  the  vesicles  continuing  to  grow  till  the  fifth  day  of  the 
eruption,  they  shew  on  the  third  or  fourth  day  a central  opacity,  or  be- 
come uniformly  cloudy,  and  by  the  fifth  or  sixth  day  are  comjfletely 
opaque ; a few  may  liecome  pustular,  but  the  great  majority  shrink,  and 
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desiccate  unruptured,  the  skin  being  thickl}’  studded  with  iniuunerahle 
raised  brown  specks,  about  a line  in  diameter,  more  or  less.  At  the 
height  of  the  disease  there  is  often  great  swelling  of  the  face  and  neck, 
with  marked  cedema  of  the  eyelids  as  well  as  subcutaneous  cedema  of  the 
extremities  ; there  may  be  some  delirium,  the  temperatui-e  often  rising  to 
100^1 02""  F.  or  more  for  a day  or  two.  Concurrently  with  the  desicca- 
tion of  the  eruption  the  subcutaneous  oedema  subsides,  the  temperature 
falls,  and  the  patient  about  the  eighth  or  tenth  day  of  the  disease,  when 
natural  small-pox  is  just  at  its  height,  enters  on  convalescence,  which  in 
most  cases  is  uninterrupted  except  by  the  occurrence  of  boils.  The 
vesicular,  pustular,  and  desiccative  stages  are  all  shortened. 

4.  Htemorrhagie  Small-pox. — This  includes  cases  in  which  cutaneous 
and  subcutaneous  htemorrhages  appear  with  or  without  the  presence  of 
the  characteristic  eruption  of  small-pox  on  the  skin.  It  is  convenient  for 
descriptive  purposes  to  divide  these  into  two  groups  : the  first  includes 
those  cases  characterised  by  the  presence  of  numerous  cutaneous  and  sub- 
cutaneous hfemorrhages,  by  bleeding  from  the  mucous  surfaces  and  kidnej'^s, 
by  a complete  or  all  but  complete  absence  of  the  characteristic  small-pox 
eruption,  and  are  kno^wn  as  hemorrhagic  or  black  small-pox ; the  second 
includes  those  cases  exhibiting,  in  addition  to  the  characteristic  eruption 
of  small-pox,  cutaneous  and  subcutaneous  hemorrhages,  accompanied  or 
not  by  bleeding  from  the  mucous  surfaces  and  kidneys,  and  are  known  as 
vesicular  or  pustular  hemorrhagic  small-pox. 

(1)  Hcemoirhagic  or  Black  Small-pox. — This  is  by  no  means  rare.  It 
occurs  during  both  epidemic  and  non-epidemic  periods.  The  majority 
of  attacks  occur  in  vaccinated  persons.  The  initial  symptoms  are  almost 
invariably  severe,  especially  the  backache  j and  there  is  often  violent 
and  long- continued  vomiting,  attended  by  severe  epigastric  j^ain.  The 
temperature  in  the  initial  stage  is  not  high,  usually  not  above  100°  F., 
often  below  it.  Very  early  in  the  course  of  the  disease  the  cutaneous 
and  subcutaneous  hiemorrhages  appear.  The  cutaneous  haemorrhages 
may  or  may  not  be  preceded  or  accompanied  by  either  general  or  partial 
erythemas,  which  appear  usually  on  the  first  or  second  day  of  the  illness. 
If  a general  erythema  be  present  it  is  often  of  a vivid  red  colour ; 
the  partial  erythemas  are  of  the  character  described  under  initial  rashes. 
On  the  second  or  third  day  red  and  purple  petechise  may  appear  in  masses 
in  the  groins,  the  flexures  of  joints,  and  elsewhere,  with  a general  distri- 
bution of  violet  or  ink  spots  elsewhere,  to  be  succeeded  by  subconjunctival 
hsemorrhage  in  one  or  both  eyes,  usually  beginning  in  the  inner  aspect  of 
the  eye,  and  gradually  extending  round  till,  if  the  patient  live  long  enough, 
the  cornea  is  encircled  by  a wide  band  of  deej)  purple  ecchymosis.  Purple 
8{X)ts  appear  on  the  forehead  and  face;  there  are  minute  purple  petechia’  on 
the  eyelid.8,  gradually  increasing  in  size  and  number  until  the  eyelids 
assume  a blue-black  appearance.  Eruise-like  patches,  varying  in  size  and 
situation,  and  suggestive  but  independent  of  contusion,  not  infi’cqucntly 
ap[>ear.  Purple  h:emorrhages  may  often  be  seen  on  the  tongue,  palate, 
and  fauces,  but  the  mucous  membrane  generally  is  ])alc.  Blood  oozes  from 
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the  gums,  in  rare  instances  from  the  skin,  and  epistaxis,  hajmatemesis,  hsemo- 
ptysis,  and  melajna  may  occur.  Blood  is  passed  in  the  urine,  and  in  women 
from  the  vagina  and  uterus.  The  masses  of  hfemorrhage  in  the  ahdomino- 
crural  triangle  and  other  flexures  get  darker,  and  the  violet  spots  increase 
in  number.  The  temperature  is  usually  low,  seldom  over  100°  F. ; often 
normal  or  even  subnormal.  The  pulse  is  soft  and  compressible;  the 
mind  absolutely  clear  and  unclouded.  The  breath  is  clammy,  but  there 
is  no  fetor.  Nourishment  is  taken  fairly,  unless  there  is  persistent 
vomiting.  The  patient  is  restless,  and  often  complains  of  a sense  of 
oppression  in  the  prascordia.  The  backache  is  most  severe  and  persistent. 
Retinal  hsemorrhages  sometimes  occur. 

As  the  disease  progresses,  sordes  form  on  the  gums ; the  skin  of  the 
face,  dotted  by  purple  and  inky  spots,  becomes  of  an  ashy  hue,  perhaps  a 
little  puffy,  and  the  haemoi’rhagic  manifestations  on  the  skin  generally 
become  more  marked  ; the  lips  and  tongue  are  blanched.  In  some  cases 
a few  scattered  papules  may  perhaps  be  seen  on  close  examination  on  the 
backs  of  the  hands,  on  the  dorsum  of  the  foot,  or  on  the  forehead  or 
cheeks ; but  in  other  cases  not  a single  papule.  In  the  great  majority 
of  cases  the  mind  is  unclouded  to  the  last.  Death  may  take  place  as 
early  as  the  third,  more  often  on  the  fourth,  fifth,  or  sixth  day,  and  is 
frequently  due  to  sudden  cardiac  syncope. 

In  some  cases  no  erythema  is  present,  and  there  may  be  but  a small 
number  of  large  violet  ink  spots  on  the  trunk  and  extremities,  and  a few 
smaller  purple  petechite,  accompanied  by  epistaxis,  luematemesis,  blood 
iti  the  urine,  and  metrorrhagia  in  women. 

All  exceedingly  rare  and  rapidly  fatal  form  of  the  black  small-pox 
has  been  described  iii  which  the  initial  symptoms  are  most  severe : the 
temperature  reaches  105°  F.  or  over,  with  delirium,  coma,  and  collapse, 
rajiidly  terminating  in  death  after  an  illness  lasting  a few  hours.  No  skin 
Inemorrhages  are  seen,  but  internal  hasmorrhages  similar  to  those  described 
on  p.  488  are  found.  I have  not  myself  seen  this  fulminant  variety. 

Black  small-pox  is  invariably  fatal.  It  rarely  occurs  in  vaccinated 
subjects  under  the  age  of  puberty.  Young,  vigorous,  and  apparently 
strong  healthy  adults  form  a considerable  proportion  of  those  athicked. 
I have  not  seen  it  in  vaccinated  subjects  under  seven  years  of  age,  nor 
in  any  one  who  had  one-third  of  a square  inch  of  well-foveated  vaccination 
cicatrix  and  had  also  been  successfully  revaccinated.  In  unvaccinated 
subjects  black  small-pox  may  occur  at  any  age. 

(2)  Vesicular  and  Pustular  Hamoirhagic  Sniall-jjoz. — This  class  includes 
a very  large  number  of  cases  occurring  among  vaccinated  and  unA’^accinated 
subjects.  There  are  two  varieties — (A)  Cases  which,  in  addition  to 
hsemorrhagic  symptoms  of  varying  intensity,  shew  a considerable 
amount  of  characteristic  small-pox  eruption ; (B)  Cases  in  which  the 
htemorrhage  is  confined  to  the  cutis  under  the  vesicle  and  into  the  skin 
immediately  surrounding  the  vesicle,  Avith  or  Avithout  hicmorrhages  from 
the  mucous  membranes.  These  may  be  named  sub-  and  peri-vesicular 
hiemorrhagic  cases. 
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.-V.  H(fmoirh(i(iic  cases  attended  by  more  or  less  abumliuit  characteristic 
snuill'iiox  eruption. 

Generally  speaking,  in  this  cla.ss  a fairly  copious  erui)tion  succeeds  or 
accompanies  the  Incmorrhagic  manifestations,  the  amount  of  characteristic 
eruption  being  nsnalh’  in  inverse  ratio  to  the  severity  of  the  luemorrhagic 
signs  ; not  only  do  hannorrhages  take  place  from  the  mucous  surfaces  and 
into  skin  free  from  eruption,  but  there  is  often  hamorrhage  into  the  cutis 
under  the  vesicle,  and  into  the  skin  immediately  surrounding  the  vesicle. 
The  temperature  in  these  cases  is  usually  about  100°  F.  in  the  vesicular 
stage,  and  if  the  patient  live  till  the  pustulation  begins  it  often  rises  to 
103°-104'  F.  The  mind  is  always  more  or  less  confused,  and  there  is 
often  active  and  violent  delirium,  the  degree  of  mental  confusion  and 
delirium  being  usually  in  direct  ratio  to  the  amount  of  characteristic 
small-pox  eruption.  The  face  and  limbs  swell  in  proportion  to  the 
amoimt  of  the  small-pox  eruption.  The  pulse  is  rapid,  weak,  and  may 
be  irregular.  Eespiration  is  quickened  and  shallov' ; cough  is  usually 
troublesome.  Albuminuria  is  generally  present,  and  often  ha3maturia. 
There  is  often  much  eimption  on  the  mouth  and  fauces,  while  dried 
mucus  adheres  to  the  mouth,  throat,  and  nostrils,  and  thirst  is  excessive. 
In  fact  the  symjDtoms  apjaroach  those  of  confluent  natural  small-pox. 

Patients  very  rarely  recover  from  this  kind  of  small-pox.  The  dura- 
tion of  life  is  longer  than  in  the  pure  haemorrhagic,  and  shorter  than  in 
the  natural  confluent,  cases  it  is  directly  proportional  to  the  amount  of 
small-pox  eruption  present,  and  in  inverse  ratio  to  the  amount  of  cutaneous 
and  other  haemorrhages.  Death  usually  takes  place  from  the  seventh  to 
the  tenth  day  of  disease. 

B.  Sub-  and  Peri-vesicular  Hcemorrhagic  Cases. — In  these  cases  there  is 
an  absence  of  ordinary  cutaneous  and  subcutaneous  haemorrhages.  The 
eruption  may  be  discrete  or  confluent ; the  papules  and  line  of  redness 
round  the  vesicles  are,  however,  often  of  a deep  angry  red,  or  even 
purplish  colour.  The  vesicles  develop  in  the  usual  way,  but  about  the 
third  day  of  the  eruption  a dark  central  discoloration  appears  in  the 
vesicle ; it  quicklj'  enlarges,  and,  in  twenty-four  hours  or  less,  the  vesicle 
has  a uniform  purple  or  leaden  appearance  ; simultaneously  with  this 
change,  if  not  before  it,  there  appears  round  the  base  of  the  vesicle  a 
claret-coloured  areola,  about  a line  in  width,  which  does  not  fade  on 
pres-sure.  These  sub-  and  peri-vesicular  heemorrhages  may  be  co- extensive 
\nth  the  eruption.  They  are  often  seen  on  the  lower  extremities,  especi- 
ally on  the  legs ; in  other  cases  on  the  lower  and  upper  limbs  and  truid<, 
and  in  others  on  the  face  also.  As  the  vesicles  fill  and  are  distended  by 
serum,  which  is  usually  quite  clear  and  free  from  blood  or  hfemoglobin,  the 
suEvesicular  ha-morrhages  disappear  from  view,  but  the  clarety  areohe 
yarsist.  There  is  sometimes  htemoi’rhage  from  the  mucous  surfaces  and 
the  kidneys,  but  this  is  not  so  marked  as  in  the  other  variety  of  hannor- 
rhagic  arses  (Class  A).  There  is  often  much  fetor,  great  thirst,  and 
irsiially  delirium.  Albuminuria  is  present  in  a large  jierccntage  of  the 
ca.ses.  The  terny>erature  ranges  between  99°  and  102'  F.  in  the  vesicular 
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Stage;  and  in  the  pustular  rises  to  103°- 104°  F.,  or  even  higher.  The 
pulse  is  rapid  and  weak.  Kecovery  is  not  infrccpient,  especially  if  sub- 
and  peri-vesicular  hfemorrhages  be  confined  to  the  lower  extremitie.s,  and 
to  a few  vesicles  on  the  trunk  or  arms ; but  if  the  hemorrhage  be  on  the 
face,  trunk  and  extremities,  and  the  eruption  confluent,  recovery  does  not 
take  place.  I have  seen  a fatal  case  of  discrete  small-pox,  with  sub- 
vesicular  hemorrhage  under  every  vesicle,  but  no  purple  spots  or  petechia;, 
and  no  trace  of  hicmorrhage  from  mucous  surfaces.  Vesicular  and  pustular 
hmmorrhagic  small-pox  may  be  either  confluent  or  discrete,  but  is  most 
commonly  confluent,  and  attacks  both  vaccinated  and  un vaccinated 
subjects. 

P.'ieudo-hmmorrhagic  Cases. — There  is  a form  of  small-pox  sometimes 
called  htemorrhagic  vesicular,  in  which  the  appearances  are  as  follows  : — 
No  cutaneous  or  subcutaneous  haemorrhages  penetrate  either  into  the 
parts  of  the  skin  free  from  eruption  or  into  the  skin  under  the  vesicles. 
About  the  fourth  or  fifth  day  the  vesicles,  when  filling  -\vith  serum, 
acquire  a purple  colour,  tinged  with  red,  due  to  the  vesicular  fluid  being 
stained  by  haemoglobin.  The  vesicle  is  usually  well  filled,  and  on  being 
pricked  reddish  serum  escapes.  This  is  a totally  diftei’ent  condition 
from  the  sub-vesicular  haemorrhage  above  described,  which  appears  on  the 
second  to  the  fourth  day  of  eruption,  and  disappears  from  view  as  the 
^'esicle  fills  with  clear  lymph.  In  women  some  uterine  haemorrhage 
sometimes  occurs.  These  pseudo-haemorrhagic  aittacks  occur  in  vaccinated 
subjects.  Recovery  is  usual,  and  cases  of  this  nature  are  sometimes 
recorded  as  recoveries  from  black  small-pox. 

Inoculated  Small-pox.  — On  the  secozid  daiy  after  inoculation  the 
skin  at  the  points  of  inoculation  is  puckered,  and  of  a yellow  colour.  On 
the  third  daiy  a paipulo  has  formed ; on  the  fourth  a vesicle.  On  the 
sixth  day,  if  inoculation  has  taken  place  in  the  arm,  the  axillary  glands 
are  swollen  and  painful,  and  on  the  seventh  or  eighth  day  the  vesicle 
has  become  a pustule.  The  temperature  is  raised,  and  there  may  be 
headache,  backache,  and  vomiting,  followed  soon — eighth  to  tenth  day — 
by  the  characteristic  general  eruption  of  small-pox.  Inoculated  small-])0x 
usually,  but  not  invariably,  runs  a mild  course. 

Second  Attacks. — These  undoubtedly  occur,  but  they  are  (piite 
exceptional.  Many  small -pox  patients  state  that  they  have  had  a 
previous  attaclc,  but  if  careful  inquiry  be  made  into  the  symptoms,  dis- 
tribution of  eruption,  and  duration  of  illness,  and  the  scars,  if  any,  lie 
examined,  the  alleged  first  attack  will  usually  turn  out  to  have  been 
chicken-pox.  In  three-fourths  of  the  cases  of  alleged  second  attzick  that 
have  come  under  my  notice,  I was  able  to  satisfy  myself  that  the  first 
attack  had  been  one  of  chicken-pox ; and  in  most  of  the  others  there  was 
not  sufficient  evidence  to  shew  whether  the  first  attack  had  been  small- 
po.x  or  not.  I have  not  seen  a second  attack  in  any  one  who  bore  un- 
mistakable evidence  of  having  had  antecedent  small-pox.  The  cases 
usually  run  a mild  course  like  that  of  modified  small-pox,  but  instances, 
in  which  the  second  atfeick  was  severe,  are  said  to  have  occurred. 
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Small  pox  after  Revaeclnation. — In  the  majority  of  cases  it  will  he 
found  that  the  revaccination  had  been  unsuccessful.  Some  persons  who 
have  been  successfully  revaccinated  do,  however,  contract  small-pox.  Of 
cases  observed  by  me  the  time  intervening  between  the  revaccination 
and  the  attack  of  small-pox  varied  from  one  to  twenty-five  years ; the 
average  being  ten  years.  The  attack  is  usually  mild  and  modified,  but  I 
have  seen  a case  of  pure  luemorrhagic  small-pox  in  a woman  who  stated 
that  she  had  been  successfully  vaccinated  four  years  previously ; and  on 
her  arm  were  scars  alleged  to  be  due  to  and  inclistinguishable  from  those 
resulting  from  vaccination.  I have  not,  however,  seen  fatal  small-pox 
in  any  one  whose  jirimary  vaccination  shewed  not  less  than  one-third  of  a 
square  inch  of  well-foveated  scars,  and  who  had  also  been  successfully 
re  vaccinated. 

Small-pox  in  the  Foetus. — This  is  said  to  have  occurred  iis  early  as 
the  fourth  month.  The  liability  of  the  foetus  to  small-pox  is  not  great, 
but  it  appears  to  increase  directly  with  its  age.  It  is,  however,  excep- 
tional to  find  that  infants  born  of  variolous  mothers,  even  dui-ing  con- 
valescence, have  had  small-pox  in  utero,  or  that  they  are  suffering  from  it 
at  the  time  of  birth.  Of  half-a-dozen  infants  born  of  variolous  mothers 
which  have  come  under  my  observation  only  one  had  small-pox  at  the 
time  of  birth.  But  infants  have  been  boi’n  at  the  full  time  who  had 
evidently  passed  through  an  attack  of  small-pox  in  utero.  Of  the 
infants  born  of  variolous  mothers,  some  develop  small-pox  a few  days 
after  birth,  having  contracted  the  disease  in  utero;  others  contract  it  at 
bii'th,  the  eruption  appearing  at  the  usual  time ; and  a few  are  in- 
susceptible both  to  small-pox  and  to  vaccinia.  Cases  have  been  recorded 
of  infants  with  the  eruption  of  small-pox  well  developed  at  birth,  the 
mothers  not  haOng  had  small-pox ; and  in  one  such  case  the  mother  is 
said  to  have  contracted  small-pox  from  her  infant. 

Complications. — A number  of  complications  arise  in  small-pox,  many 
being  due  to  pyogenetic  infection  from  the  skin  and  mucous  membranes 
of  the  mouth,  throat,  and  respiratory  tract.  As  would  naturally  be 
expected,  such  complications  occur  much  more  frequently  in  severe  than 
in  mild  attacks. 

Sfdn  am.l  Subcutaneous  Tissues.  — Multiple  superficial  abscesses  or 
boils  are  the  most  frequent  of  all  complications.  They  are  more 
common  after  severe  than  after  mild  attacks,  and  appear  during  or  after 
the  stage  of  decrustation  ; they  are  situated  usually  on  the  extremities,  face, 
sailp,  and  back,  vary  in  size  from  that  of  a large  pea  to  a walnut,  or  larger, 
are  unattended  by  much  pain  or  constitutional  disturbance,  and  are  often 
present  in  large  numbens.  Large  abscesses  on  the  shoulders,  hips,  limbs, 
anfl  neck  are  not  uncommon.  They  are  painful,  often  extend  deeply, 
and  are  not  infrequently  accompanied  by  septic  symptoms,  which  are 
.sometimes  very  severe,  and  in  rare  cases  death  may  result.  Ischio-recud 
aViScess  rxicims  occasionally.  Gangrene,  afl'ecting  isolated  areas  of  skin, 
toes,  scrotum,  penis,  and  parts  of  skin  subjected  to  j)ressurc,  occurs,  but 
only  in  the  course  of  severe  attacks. 
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Cellulitis,  usually  affecting  the  extremities,  supervenes  in  some  con- 
fluent cases  during  the  stage  of  decrustation.  It  may  he  widespread  and 
extend  deeply,  sometimes  involving  a whole  limb;  the  affected  part  is 
red,  brawny,  and  hot  to  the  touch ; extensive  sloughing  of  tissues  may 
take  place  even  if  the  part  be  deeply  and  freely  incised ; such  cases  often 
prove  fatal. 

Erysipelas  is  not  infrequent;  it  comes  on  during  the  scabbing  stage 
or  later,  mostly  attacks  the  face  and  scalp,  or  the  arms,  and  sometimes 
the  scrotum ; it  is  apt  to  spread,  and  is  attended  by  pyrexia.  ^Yhen 
extensive,  the  constitutional  symptoms  may  be  severe,  and  the  patient, 
if  weakened  by  a severe  attack  of  small -pox,  is  not  unlikely  to 
succumb. 

Obstinate  acne  pustulosa  of  the  nose  and  face  is  not  uncommon  during 
convalescence. 

Eyes. — There  is  frequently  much  eruption  on  the  eyelids  and  on  the 
edges  of  the  lids,  accompanied  with  pronounced  oedema.  A vesicle 
rarely  forms  on  the  conjunctiva.  When  present  it  is  small,  being  not 
unlike  a phlyctenular  ulcer.  There  is  considerable  conjunctival  injection 
and  swelling,  with  some  lacrimation  and  occasionally  muco-purulent 
discharge,  the  symptoms  lasting  about  a week.  Later  in  the  disease 
phlyctenular  ulcers  are  not  infrequent.  Conjunctivitis  is  present  in  a 
large  proportion  of  confluent,  and  in  a small  proportion  of  discrete 
cases ; it  occurs  mostly  during  the  vesicular  and  pustular  stages,  but 
sometimes  during  convalescence.  In  adults  and  children  over  four 
years  of  age  it  is  not  usually  severe,  and  subsides  under  suitable 
treatment.  But  in  unvaccinated  infants  and  children  under  four 
years  of  age  it  is  not  infrequently  attended  by  profuse  purulent 
discharge,  with  swelling  of  the  lids,  the  upper  so  overlapping  the 
lower  that  it  is  with  the  utmost  difficulty  that  they  can  be  opened. 
In  favourable  cases  it  yields  to  treatment,  but  in  others  corneal  ulcer 
develops,  or  keratitis  sets  in  followed  by  sloughing  of  the  cornea,  partial 
or  complete  anterior  staphyloma  resulting.  Simple  corneal  ulcer  occurs 
not  infrequently ; it  usually  yields  readily  to  appropriate  treatment. 

A peculiar  form  of  corneal  ulceration  is  sometimes  met  with.  It  is 
quite  superficial,  begins  at  the  margin  of  the  cornea,  gradually  creeps  from 
one  side  to  the  other,  and  denudes  the  cornea  of  its  epithelial  layer.  It 
is  accompanied  by  pain,  photophobia,  and  injection  of  the  corneal  zone  of 
vessels  and  of  the  conjunctiva;  infiltration  of  the  deeper  layers  of  the 
cornea  does  not  occur.  As  the  ulceration  progresses  the  renewal  of  the 
epithelium  follows  on  closely,  the  ulceration  shewing  as  a thin  line  as  it 
creeps  from  one  side  of  the  cornea  to  the  other. 

Keratitis  is  of  fairly  common  occurrence,  especially  in  confluent  cases. 
It  aflects  adults  as  well  as  children,  but  the  latter  more,  in  proportion. 
Rubbing  of  the  face  on  the  pillow,  especially  in  children  with  confluent 
eruptions,  leads  to  removal  of  the  epidermal  covering  of  the  vesicles  on 
the  lids,  so  that  the  lids  become  hard  and  stiff’,  and  very  often  keratitis 
follows  soon.  It  sometimes  occui’s  in  the  late  vesicular,  but  more  often 
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in  the  pustuhir  and  incrustation  stages.  It  usnall}’  affects  one  eye,  or  if 
both  eyes,  one  less  severely  than  the  other.  I’hotophobia  and  increased 
intra-ocular  tension  are  generally  present;  as  a rule  the  infliunination 
begins  at  the  outer  margin,  and  is  often  limited  to  one -half  of  the 
cornea ; it  is  sometimes  accompanied  by  hypopyon,  in  other  cases  by 
sloughing,  and  formation  of  a deep  perforating  ulcer.  If  the  ulcer  be 
not  very  deep,  the  opacity  often  disappears  in  time,  though  it  is  some- 
times permanent.  The  whole  cornea  may,  however,  be  involved,  in 
which  case  there  is  great  danger  that  the  sight  of  the  eye  affected  will 
be  lost.  In  keratitis  occurring  during  the  course  of  confluent  attacks, 
especiall}'  those  in  which  the  vesicular  eruption  is  flat  and  pasty  in 
ai)i»earance,  there  is  often  complete  absence  of  injection  of  vessels  of  the 
conjunctiva,  or  of  the  corneal  zone,  and  no  photophobia  or  lacrimation. 
The  first  sign  of  its  onset  is  diminished  lustre  of  the  cornea,  which 
looks  dull  and  sluggish ; it  quickly  becomes  cloudy,  and  the  whole 
cornea  may  become  opaque  in  from  twenty -four  to  thirty -six  hours. 
In  a day  or  two  it  sloughs,  discharge  of  the  aqueous  humour  follows  with 
prolapse  of  the  iris,  protrusion  of  the  lens,  and  complete  anterior 
staphyloma ; or  even;  panophthalmitis  may  ensue.  In  other  cases  only  a 
portion  of  the  cornea  sloughs,  and  if  the  perforation  be  small,  a small 
staphyloma  only  results.  This  form  of  keratitis  is  often  limited  to  one 
eye,  but  if  both  be  affected,  one  usually  suffers  less  than  the  other. 
Blindness  due  to  small-pox  usually  arises  from  keratitis,  sometimes  from 
deep  comeal  ulcer. 

Eetinal  hsemorrhage  occurs  in  some  htemorrhagic  cases.  Iritis  is 
occasionally  seen  ; cyclitis,  choroiditis,  and  retinitis  are  very  rare.  Orbital 
cellulitis  is  met  with  in  a few  cases. 

Otitis  media  is  uncommon,  occurring  usually  in  children  with  severe 
attacks  during  the  stages  of  pustulation  and  desiccation.  Sometimes, 
though  rarely,  facial  paralysis  follows ; mastoid  abscess  is  very  rare. 

liespiratory  Tract  and  Lungs. — Nasal  catarrh  is  rare,  and  only  occurs 
in  a very  few  confluent  cases.  Epistaxis  and  hajmoptysis  are  seen  in 
hfemorrhagic  small-pox.  Laryngitis  is  usuall}'^  caused  by  the  presence  of 
vesicles  on  the  mucous  membrane  of  the  larynx : it  occurs  in  vesicular  or 
pustular  stages  in  a large  number  of  confluent  and  occasionally  in  discrete 
cases.  Its  onset  is  usually  gradual,  and  is  attended  by  husky  voice, 
laryngeal  cough,  and  not  infrequently  by  dyspnoea  which  may  render 
tracheotomy  or  intubation  necessary.  Immediate  relief  is  often  therein’ 
obtained,  but  unless  the  patient  be  young,  and  the  attack  of  small  pox 
not  very  severe,  recovery  seldom  takes  place.  Most  confluent  cases  Avith 
laryngeal  obstruction  have  bronchitis,  and  many  exhibit  signs  of  hypostatic 
pneumonia,  sometimes  of  bronchopneumonia.  Ulceration  of  the  larynx 
Avith  necrosis  of  cartilages  occurs  in  a few  cases.  QCdema  of  the  glottis 
i.s  comparatively  rare.  Bronchitis  is  ahvays  present  in  severe  cases, 
I>eing  attended  by  frequent  cough  and  much  expectoration.  In  un- 
vaccinated children,  bronchopneumonia  is  not  infref|ucnt,  very  often 
proving  fat'd  ; in  adults  it  is  less  common.  Pleurisy  with  supj)urative 
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eftusion  and  lobar  pneumonia  occur  occasionally  in  severe  attacks,  for  the 
most  part  during  the  stages  of  incrustation  and  decrustation. 

Digestive  System. — Glossitis  of  varying  severity  occurs  in  the  vesicular 
or  pusUtlar  stages  of  confluent  cases.  When  severe  it  is  attended  by 
much  pain  ; the  tongue  is  often  enormously  swollen,  fills  up  the  cavitj'^  of 
the  mouth,  protrudes  from  the  lips,  and  prevents  the  patient  taking 
nourishment.  Glossitis,  if  severe,  is  usually  a fatal  complication. 
Parotitis  is  not  uncommon,  in  some  cases  ending  in  suppuration. 

Ulceration  of  the  palate,  fauces,  and  pharynx,  attended  by  a ragged 
condition  of  the  mucous  membrane  due  to  rupture  of  the  vesicles,  is  not 
infrequent ; and  if  the  eruption  be  very  copious,  the  fauces  and  tonsils 
appear  to  be  invested  with  dirty  disintegrating  diphtheritic  membrane ; 
the  condition  resembles  but  is  not  diphtheria.  Diphtheria  is  very  rare 
in  small-pox.  Ulcerative  stomatitis  occurs,  but  gangrenous  stomatitis 
is  rai'e.  Pharyngitis  is  usual  in  patients  with  much  eruption  in  the 
pharynx ; post-pharyngeal  abscess  is  of  rare  occurrence. 

Heart  and  Blood-vessels. — Myocarditis  is  present  in  a large  number  of 
severe  cases.  Pericarditis  and  infective  endocarditis  are  extremely  rare. 
Phlebitis,  usually  of  the  lower  limbs,  is  of  infrequent  occurrence  during 
the  stage  of  incrustation  or  later. 

Abdominal  Viscera. — Peritonitis  is  uncommon.  I have  seen  it,  in  an 
adult  male,  associated  with  pleurisy ; in  another  case  it  was  limited  to 
the  left  hypochondrium  and  to  the  epigastrium,  the  spleeti  being  studded 
with  large  infarcts,  and  in  two  cases  after  abortion.  Abscesses  in  the 
liver  and  kidneys  have  been  recorded,  but  are  exceedingly  rare.  Infarcts 
are  sometimes  found  in  the  spleen.  Albuminuria  is  frequent,  but 
nephritis  is  uncommon  ; I have  seen  the  latter  during  convalescence. 
Cystitis  occurs  occasionally. 

Septiciemia  appears  in  many  confluent  cases  during  the  stages  of 
pustulation  and  incrustation,  and  later  in  cases  complicated  with  deep 
abscesses  and  extensive  celhditis.  Pyaiinia  occurs  occasionally,  and  is 
sometimes  associated  with  acute  infective  changes  in  some  or  all  of  the 
principal  joints. 

Bheumatism  is  exceedingly  rare,  but  may  occur  in  convalescence. 
Orchitis,  often  double,  with  effusion  into  the  tunica  vaginalis  occurs,  and 
usually  in  the  pustular  and  incrustation  periods.  Oraiitis  I have  not 
seen,  but  it  is  said  to  have  occurred.  Phimosis  and  paraphimosis  are 
sometimes  seen  in  children.  Cellulitis  of  the  scrotum,  sometimes  involving 
the  penis,  comes  on  in  some  severe  cases  during  the  second  or  third  week. 
The  parts  are  painful  and  tender  to  the  touch,  intensely  red,  hard,  and 
much  swollen.  In  extreme  cases  sloughing  of  the  tissues  takes  place. 

Nervous  System. — This  is  perhaps  more  often  involved  in  small-pox 
than  in  the  other  acute  eruptive  infectious  diseases.  The  nervous 
manifestations  appear  during  any  stage  of  the  attack,  usually  develop 
rapidly,  and  may  originate  in  the  brain,  spinal  cord,  or  peripheral 
nerves,  the  spinal  cord  being  more  frequently  afi'ected  than  the  brain. 

Initial  Stage. — The  intense  headache  is  not  infrequently  attended 
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with  cleliriimi,  wliich  usually  subsides  'wlieu  the  eruption  has  come  out 
and  the  pyrexia  abated ; but  iu  some  instances,  of  wbich  1 have  seen  one, 
it  merges  into  acute  mania.  In  the  vesicular  hiemorrhagic  form  it  is  often 
continuous  and  violent  from  the  lirst,  and  only  ceases  with  the  death  of 
the  patient ; in  others  there  is  some  remission  during  the  vesicular  stage, 
with  exacerbation  when  pustulatiou  begins.  Convulsions  not  infrequently 
occur  in  children  iu  the  initial  stage ; coma  of  varying  intensity,  with 
which  may  be  associated  paralysis,  either  general  or  afi'ecting  the 
extremities  only,  is  present  in  some  instances.  In  others  a mental  and 
ataxic  condition  similar  to  that  caused  by  alcohol  occurs,  and  patients 
shewing  such  symptoms  in  the  initial  stage  of  small-pox  have  not 
infrequently  been  thought  to  be  drunk.  The  coma  usually  passes  off 
during  the  vesicular  stage,  but  the  paralysis  may  not,  and  is  often  long 
continued ; shotdd  recovery  take  place,  gradual  improvement  begins 
during  convalescence,  but  some  die  in  the  acute  stage  of  the  illness. 
Hallucinations  and  melancholia  are  sometimes  noted. 

Eruptive  and  later  Stages. — In  addition  to  delirium  and  the  occa- 
sional continuance  of  the  early  coma  and  paralysis,  acute  mania  may 
develojJ  during  the  eruptive  stage  •,  some  recover,  but  others  become 
permanently  insane.  In  one  case,  an  adult  male  under  my  care,  Avith 
exceedingly  mild  modified  small-pox,  no  remission  of  the  deliiium  of  the 
initial  stage  took  place,  and  it  merged  during  the  vesicular  period 
into  violent  mania  lasting  about  a fortnight ; the  acute  condition 
gradually  abated,  idtimately  resulting  in  harmless  dementia,  and  after 
three  months’  detention  in  the  hospital,  he  was  removed  to  a lunatic 
asylum.  The  post-febrile  insanity  of  small-pox  is  sometimes  associated 
AAuth  paralysis. 

Of  the  graver  forms  of  paralysis  incidental  to  small-pox,  paraplegia,  of 
which  a considerable  number  of  instances  have  been  recorded,  is  the  most 
serious  and  generally  proves  fatal.  It  usually  appears  in  the  pustular 
stage,  or  later,  during  early  convalescence,  is  generally  accompanied  by 
paralysis  of  the  sphincters,  and  may  follow  either  mild  or  seAmre  attacks, 
in  a patient,  a female  of  eighteen  years  of  age,  under  my  care,  it  occurred 
on  the  fourth  Aveek,  during  early  convalescence  from  an  attack  of  discrete 
natural  small-pox,  and  proved  fatal.  Hemiplegia  is  much  less  frequent 
than  paraplegia,  and  the  outlook  as  regards  recoA^ery  is  much  more  hope- 
ful. Aphasia  may  develop  concurrently  Avith  hemiplegia  or  independently 
of  any  associated  jjaralysis,  and  lasts  in  either  case  a considerable  time, 
u.sually,  hoAvever,  ending  in  recovery.  Facial  paralysis  may  or  may  not 
be  associated  Avith  otitis  media.  Peripheral  neuritis  is  very  rare,  is  usually 
limited  to  circum-scribed  areas,  and  may  be  associated  Avith  paralysis  and 
permanent  atrophy  of  special  muscles.  One  or  tAvo  instances  of  acute 
ascending  paralysis  have  been  recorded,  and  one  case  of  meningiiis;  all 
being  fatal.  Cerebral  and  nervous  complications  are  met  with  in  both 
mo<lified  and  natural  small-pox,  and  occur  in  mild  as  well  as  iu  severe 
attacks.  C'erel/ral  ha:mijrrh(ige  is  very  uncommon.  I have  seen  ,tAvo 
instances  in  adults  at  an  early  period  in  the  stage  of  pustulatiou  ; both 


5i6 


SYSTEM  OF  MEDICINE 


proved  rapidly  fatal,  the  haemorrhage  being  one-sided  and  large.  The 
patients  had  severe  attacks  of  small-pox,  one  being  of  the  ve.sicular 
haimorrhagic  type. 

i^ldiich  has  recorded  a case  of  profound  ncivrdsthenui  following  severe 
small-pox.  He  has  also  collected  particulars  of  fifteen  recorded  instances 
of  dmeminated  enoephalo-myelitis.  The  cases  exhibited  ataxic  movements 
of  the  extremities,  usually  most  marked  in  the  legs,  slow  and  awkward 
movements,  slow  monotonous  and  jerky  speech,  faulty  articulation,  a 
varying  degree  of  mental  degradation,  and  the  symptoms  shewed  a decided 
tendency  to  improve. 

Pregnancy. — Liability  to  abortion  increases  directly  with  the  age  of 
the  foetus  and  the  severity  of  the  attack  of  small-pox.  In  hfemorrhagic 
and  severe  confluent  cases  abortion  invariably  occims  if  the  patient  survive 
long  enough ; in  the  former,  not  infrequently  during  the  initial  stage,  in 
the  latter  usually  during  the  vesicular  stage.  It  is  often  attended  vdth 
much  hicmorrhage,  a)id  sometimes  the  placenta  is  retained.  All  the 
hffiinorrhagic  and  nearly  all  the  confluent  cases  die.  In  discrete  natural 
small-pox  abortion  is  much  less  frequent  and  the  prognosis  is  hopeful ; 
iu  modified  small-]Dox  it  occurs  in,  perhaps,  about  a third  of  the  cases, 
recovery  being  usual.  In  the  discrete  natural  and  in  the  modified 
diseases,  aljortion  usually  takes  place  during  the  second  or  third  week  of 
the  disciise,  sometimes  during  convalescence,  or  even  later. 

Sequels. — Pitting.- — In  cases  iu  which  the  skin  lesion  is  superficial  the 
pitting  is  slight  or  absent.  At  first,  on  the  separation  of  the  desiccated  scab, 
there  is  often  considerable  hypertrophy  of  the  papillse  at  the  site  of  the 
pustule,  the  epidermis  being  reddened  and  raised.  In  course  of  time  this 
subsides  and  leaves  the  skin  quite  smooth  or  faintly  pitted.  But  in  cases 
in  which  the  skin  lesion  is  deep  and  followed  by  ulceration,  the  pitting  is 
marked  and  sometimes  excessive,  being  most  noticeable  on  the  face,  which 
sometimes  presents  a ragged  verrucose  appearance.  The  extent  and 
depth  of  pitting  are  in  direct  ratio  to  the  depth  of  the  destructive  inflam- 
mation of  the  papilla)  of  the  skin.  In  a few  confluent  cases  in  which 
there  is  destructive  inflammation  of  the  corium  followed  by  deep  suppura- 
tion and  abscesses,  bands  of  cicatricial  tissue  form,  and  a chcloid  condition 
results.  The  face,  which  is  the  part  usually  affected,  becomes  scarred 
and  disfigured ; distortion  of  the  eyelids,  nose,  mouth,  and  cheeks  may 
result  in  much  facial  disfigurement.  I have  seen  an  extreme  instance 
of  this,  the  patient  being  so  disfigured  that  he  was  unable  to  find 
employment  for  a long  time  after  his  recovery. 

Alopecia  is  noticeable  only  after  severe  attacks,  and  is  usually  more 
marked  in  adults  than  in  children.  If  the  depth  of  the  lesioir  be  such  as 
to  destroy  the  hair-follicles,  permanent  partial,  sometimes  almost  complete, 
alopecia  follows.  But  in  many  cases  the  hair  grows  again  in  great 
abundance.  The  nails  are  sometimes  shed. 

Pigmentation. — When  the  desiccated  scabs  fall  off  there  is  in  all  cases 
a red  discoloration  which  lasts  a consicl enable  time.  In  vesicular  and 
pustular  luemorrhagic  cases  there  is  dark  pigmentation  of  skin,  usually 
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most  marked  on  the  loAver  extremities.  This  pigmentation  lasts  a long 
time  and  disappears  very  slowly. 

Tuberculosis  of  the  luiu/s  occasionally  follows  a severe  attack  of  small- 
pox either  during  convalescence  or  later,  but  it  is  a rare  sequel. 

Convaleseenee  lasts  a varying  period — from  a week  in  the  mildest 
case  to  many  months  in  the  most  severe ; a few  patients  never  com- 
pletely regain  their  health.  But  in  most  cases  ultimate  recovery  is 
complete,  and  it  is  not  an  unu-sual  occurrence  to  hear  patients  assert  long 
after  recovery  from  severe  small-pox  that  they  enjoy  better  health  than 
before.  Eecovery  from  discrete  and  mild  confluent  small-pox,  unaccom- 
pinied  by  hannorrhagic  symptoms,  Avhether  in  vaccinated  or  unvaccinated 
subjects,  is  in  almost  every  case  rapid  and . complete.  Recovery  after 
severe  confluent  and  vesicular  and  pustular  htemorrhagic  attacks  is 
usually  slow,  and  is  often  retarded  by  the  occm’rence  of  serious 
complications. 

The  duration  of  the  infectious  period  is  so  variable  that  a hard  and 
fast  rule  as  to  its  limits  cannot  be  laid  down.  It  varies  from  a week  in 
the  mildest  to  two  months  or  more  in  very  severe  cases.  In  discrete 
cases  -with  abimdant  eruption  it  lasts  usually  three  to  four  weeks. 
Under  the  thick  epidermis  of  the  palms  of  the  hands  and  the  soles  of  the 
feet,  and  under  the  nails,  many  of  the  pustules  do  not  rupture,  and  must 
be  cut  out. 

A small-pox  convalescent  should  not  be  allowed  to  go  out  in  public 
lentil  the  medical  man  has  satisfied  himself,  by  personal  observation,  that 
the  whole  of  the  skin  is  free  from  crusts,  desiccated  unruptiu’ed  pustules, 
and  powdery  dbbris. 

The  eo-existenee  of  small-pox  with  other  aeute  infectious  diseases, 
each  in  the  acute  stage,  is  very  rare  indeed.  In  observations  spread 
over  a series  of  years,  including  many  thousands  of  cases,  I have  only 
seen  a few  cases  of  concurrent  small-pox  and  whooping-cough  ■,  two  cases 
with  membrane  in  the  larynx,  and  one  with  membrane  in  the  trachea, 
the  membrane  being  similar  to  that  of  laryngeal  and  tracheal  diphtheria. 
Most  of  the  recorded  cases  of  co-ex!istence  of  small-pox  with  scarlet  fever 
and  with  measles  are  instances  of  scarlatiniform  and  morbilliform  initial 
ra-shes.  Welch  and  Schamberg  record  a case  of  concurrent  small-pox 
and  chicken-pox.  Of  course  one  or  other  of  the  acute  infectious  diseases 
may  occur  in  small-pox  patients  during  the  stage  of  decrustation  and 
during  convalescence. 

Erysipelas  occurs  in  the  incrustation  and  convalescent  stages  of  small- 
pfjx,  but  I have  not  seen  it  in  the  acute  stage. 

Diagnosis. — Difficulties  occur,  first,  in  the  initial  stage ; second,  in 
the  eruptive  stage  ; and  it  is  not  possible,  until  the  initial  symptoms 
Inive  been  followed  by  the  characteristic  eruption,  to  make  a positive 
diagnosis  of  .small-pox.  Nevertheless,  even  in  the  initial  stage,  if  due 
weight  be  given  to  certain  symptom.s,  some  approach  to  a correct 
diagnosis  may  be  made.  Should  a person  be  suddenly  seized  with  head- 
ache. .severe  backache,  rigors,  epigiistric  pain,  nausea  with  or  without 
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vomiting,  and  complete  anorexia,  and  should  these  symptoms  be  accom- 
panied by  high  temperature,  rapid  pulse,  and  (though  not  at  first)  much 
prostration,  the  onset  of  small-pox  may  be  strongly  suspected.  If,  in 
addition  to  these  symptoms,  on  the  first,  second,  or  tliird  day  a petechial 
erythematous  rash  appear  on  the  abdomino- crural  triangle,  vdth  or 
■without  its  appearance  on  other  flexor  surfaces,  one  may  say,  almost  with 
certainty,  that  the  disease  Avill.  prove  to  be  small-pox.  A tru.stworthy 
history  of  definite  exposure  to  the  infection  of  small-pox  Avithin  the  usual 
limits  of  the  incubation-period  Avould  materially  increase  the  probability 
of  the  case  being  small-pox.  But  the  probability  is  increased  to  certainty 
if  on  the  second  or  third  day  of  illness  there  appears  an  eruption  of 
red  macules  on  the  face,  extremities,  and,  to  a less  extent,  on  the 
trunk,  Avhich  soon  after  their  apiDearance  are  raised,  distinctly  hard  and 
“ shotty.” 

A.  Diagnosvi  in  the  Initial  Stage. 

In  its  initial  stage  small-pox  counterfeits  certain  acute  infectious  and 
other  diseases,  notably  scarlet  fever,  measles,  typhus,  syphilitic  roseola, 
influenza,  erythemas,  German  measles,  lumbago,  copaiva  eruption,  and 
menstrual  rashes. 

Scarlet  Fever. — The  symptoms  common  to  small-pox  and  scarlet  fever 
are  headache,  nausea  or  vomiting,  anorexia,  rigors.  The  pyi’exia  is  of 
varied  degree,  the  pulse  is  rapid,  respiration  is  quickened,  and  in  both 
the  skin  may  be  dry. 

Symptoms  peculiar  to  scarlet  fever. — The  patient  usually  complains 
of  sore  throat.  On  examination  a bright  red  ring  of  injection  is 
seen  on  the  uvula  and  free  edge  of  the  soft  palate  and  pillars  of  the 
fauces ; and  there  may  or  may  not  be  inflammation  of  the  tonsils  Avith 
dots  of  exudation  in  the  crypts ; perceptible  enlargement  of  the  cendcal 
or  submaxillaiy  glands  is  present  in  many  cases ; the  tongue  is  coated  by 
a Avhite  fur,  the  SAV'ollen  papillse  shoAving  red  on  a Avhite  ground. 

Symptoms  peculiar  to  smalTpox. — Severe  backache,  absence  of  scarlet 
injection  or  inflammation  of  the  fauces  such  as  is  usually  present  in 
scarlet  fever,  no  enlargement  of  the  cervical  or  submaxillary  glands. 
The  throat  may  feel  dry,  but  is  not  sore.  The  tongue  may  be  coated, 
but  its  papillae  are  not  enlarged.  In  most  cases  of  small-pox  the 
temperature  is  higher  than  in  scarlet  fever ; bnt  in  haemorrhagic  small- 
pox Avith  scarlatiniform  initial  rash  the  temperature  is  often  Ioav. 

If  the  initial  erythema  of  small-pox  be  general,  eiiAmloping  the  skin 
of  the  face,  neck,  trunk  and  limbs,  it  resembles  the  rash  of  scarlet  feA^er ; 
but  on  looking  closely  it  Avill  be  noticed  that  the  punctate  appearance, 
Avhich  is  alAvays  present  on  the  thighs  and  arms  in  the  case  of  bright 
scarlet  rashes,  does  not  appear  in  the  initial  erythema  of  small-pox.  In 
the  groins  there  will  most  probably  be  a more  marked  deepening  of  the 
tint  of  the  rash  than  is  to  be  noticed  in  scarlet  fever.  It  may,  hoAveyer, 
be  impossible  to  arrive  at  a diagnosis  from  the  appearance  of  the  eruption. 
The  fauces  should  therefore  be  examined.  In  a case  of  scarlet  feA-er  Avith 
an  eruption  so  extensive  and  bright  there  Avill  be  marked  redness  of  the 
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faucial  ring  and  tonsils,  with  probably  sonic  swelling  of  the  latter.  There 
may  be  some  reddening  in  small-pox,  but  the  characteristic  appearances 
of  scarlet  fever  will  be  absent. 

If  the  erythema  be  partial,  limited  to  the  trunk  alone,  or  to  the  trunk 
and  flexor  surfaces  of  the  limbs,  scarlet  fever  may  be  excluded  by  the 
absence  of  eruption  on  the  neck  and  upper  part  of  the  chest,  by  the 
absence  of  faucial  injection,  and  of  cervical  and  submaxillary  glandular 
enlargement.  The  rash  of  scarlet  fever  is  usually  brighter  in  tint  than 
the  scarlatiniform  rash  of  small-pox ; further,  in  a large  number  of  cases 
this  difficulty  in  the  diagnosis  will  not  arise  if  it  be  remembered  that 
these  initial  scarlatiniform  rashes  do  not  occur  in  children  under  ten 
years  of  age.  Partial  initial  scarlatiniform  erythemas  present  perhaps 
less  difficulty  in  diagnosis  than  general  scarlatiniform  erythemas. 

The  eruption  of  scarlet  fever,  however,  occasionally  counterfeits  the 
initial  petechio-erythematous  rash  of  small-pox  so  closely  that  a mistake 
in  diagnosis  may  readily  occur.  In  such  cases,  along  with  typical  scarlet 
inflammation  of  the  fauces  and  enlargement  of  the  stibmaxillary  and  ceiadcal 
glands,  there  is  a brilliant  scarlet  rash,  with  minute  purple  petechiie 
shewing  on  the  neck,  just  above  the  clavicles,  and  in  the  groins.  It  is 
most  necessary  that  particular  care  be  taken  to  rveigh  well  the  significance 
of  the  faucial  inflammation  and  cervical  and  submaxillary  glandular 
eidargement  that  are  invariably  to  be  noted  in  these  cases ; because  the 
minute  purple  petechise  in  the  groins  and  on  the  neck  arc  indistinguish- 
able from  those  that  appear  in  these  situations  in  cases  of  haemorrhagic 
small-pox  with  a general  bright  scarlatiniform  initial  rash.  After  ex- 
amining the  throat  there  should  be  no  difficulty  as  to  diagno.sis. 

Measles.  — Symptoms  common  to  measles  and  small-pox  are — 
eruption,  pyrexia,  rapid  pulse,  anorexia,  and  in  some  cases  sufl’usion  of 
the  conjunctivae. 

In  measles  the  catarrhal  symptoms — lacrimation,  cough,  coryza — 
are  usually  present  from  the  first,  and  Filatow’s  or  Koplik’s  spots  Avill  be 
seen  on  the  buccal  mucosa,  unless,  as  sometimes  happens,  they  have  dis- 
appeared shortly  after  the  eruptiori  has  come  out.  The  eruption  appears 
on  the  skin  usually  on  the  third  or  fourth  day  ; it  consists  at  first  of 
minute,  raised,  pink  dots  behind  the  ears,  on  the  forehead,  chin,  cheeks, 
and  neck,  rapidly  sheAving  on  the  limbs  and  chest.  Measles  mainly 
attacks  children  under  ten.  The  eruption  reaches  its  height  on  the 
second  or  third  day  of  the  rash,  that  is,  on  the  fifth  or  sixth  day  of  the 
disease  ; it  is  then  composed  of  large,  soft,  velvety,  raised,  pink  papules, 
confluent  in  many  parts  of  the  skin.  On  draAAung  the  fingers  across  the 
forehead,  the  spots,  although  veiy  distinctly  raised  and  someAvhat  re- 
sistant, are  soft  and  velvety,  not  hard  or  shotty.  Tlic  temperature  in 
measles  is  not  usually  high  until  the  rash  appears,  and  it  reaches  its 
height  Avith  the  full  development  of  the  eruption. 

In  small-pox  Avith  initial  morlfilliform  eruption  some  of  the  usual 
initial  .symj>toms  Avill  be  present,  but  there  Avill  be  an  absence  of  FilatoAv’s 
sjiots  and  catarrhal  symptoms,  though  possibly  there  may  be  .some 
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conjunctival  suffusion.  The  initial  eruption  appeal’s  on  the  first  or  second 
day  of  illness  on  the  face,  trunk,  and  extremities  simultaneously.  The 
3i)ots  at  first  are  larger  in  size  than  the  minute  spots  of  measles,  and  the 
eruption  has  spread  over  the  entire  surface  of  the  skin  by  the  time  that 
the  eruption  of  measles  is  beginning  to  appear  on  the  face  and  neck. 
The  eruption  is  very  slightly  if  at  all  raised.  It  disappears  in  twelve  to 
twenty-four  hours  after  it  has  reached  its  height,  and  does  not  leave  the 
faintest  stain.  Before,  simultaneously  with,  or  immediately  after  the 
disappearance  of  the  rash  the  papules  of  small-pox  appear  and  the 
temperature  falls.  If  the  initial  morbilliform  rash  be  partial  it  appears 
on  the  groins,  sides  of  the  trunk,  the  flexor  surfaces,  or  the  extensor 
surfaces  of  joints ; it  is  not  accompanied  by  catarrhal  symptoms ; and 
having  regard  to  its  distribution,  should  not  give  any  excuse  for  a 
diagnosis  of  measles.  In  a very  small  number  of  cases  of  measles,  on  the 
first  or  second  day  of  the  disease,  an  initial  general  erythema  occurs  which 
is  absolutely  indistinguishable  from  the  general  scarlatiniform  erythema  of 
small-pox.  It  is  seen,  however,  so  far  as  my  observation  goes,  only  in 
children  under  ten,  the  age  period  in  which,  as  far  as  I know,  the  initial 
scarlatiniform  rash  of  small-pox  does  not  occur. 

Typhus. — Symptoms  common  to  typhus  and  small-pox  are  pyrexia, 
headache,  rigors,  anorexia,  thirst.  In  typhus  there  is  occasionally  an 
initial  erythema  on  the  face  and  forearms  on  the  third  or  fourth  day, 
followed  by  the  typhus  eruption  of  red  macules  on  the  forearms,  chest, 
abdomen,  and  limbs  on  the  fourth  to  the  fifth  day.  Hardly  ever  does 
the  eruption  of  typhus  appear  on  the  face.  The  macules  are  not  in  the 
faintest  degree  hard  or  raised.  In  small-pox  the  characteristic  eruption 
has  appeared,  as  a rule,  by  the  third  or  fourth  day  of  illness,  and  with 
its  appearance,  or  shortly  after,  the  high  temperature  and  initial  symp- 
toms subside  ■,  whereas  in  typhus  the  temperature  is  continuous. 

Syphilitic  Roseola  (“Macular  Syphilide”)  appears  usually  on  the  trunk 
and  face,  soon  changing  to  a raw-ham  colour ; it  is  not  accompanied 
b}"^  initial  sj^mptoms  of  the  severit}^  of  small-pox,  unless  it  appear  just 
after  a debauch,  when  headache  and  malaise  will  doubtless  be  present. 
The  inguinal,  perhaps  the  cervical  lymphatic,  glands  will  be  found 
enlarged. 

Influenza. — Considerable  difficulty  may  be  experienced  in  the  diagnosis 
of  small-pox  and  influenza  on  account  of  the  close  similarity  of  the 
initial  symptoms  of  the  former  disease  to  the  symptoms  of  the  latter. 
The  non-appearance  of  the  characteristic  eruption  of  small-pox  on  the 
third  day  Avill  solve  the  difficulty. 

Erythemas — In  many  cases  neither  the  initial  symptoms  nor  the  iintial 
temperature  of  small-))ox  are  present.  Erythemas,  due  to  shell-fish,  etc., 
may  present  considerable  resemblance  to  small-pox  initial  rashes,  not  only 
in  their  appearance,  but  in  the  rapidity  of  their  development.  If  there 
be  no  headache  or  backache,  and  the  temperature  not  much  raised, 
inquiry  should  be  made  as  to  the  recent  diet  of  the  patient.  In  many 
instances  the  cause  of  the  attack  may  thereby  be  discovered.  In  most 
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•cases  of  food  poisoning  the  onset  of  the  symptoms  is  more  sudden  tlian 
even  in  small-pox. 

Erythema  Multiforme. — When  neither  the  initial  symptoms  nor  pyrexia 
■of  small-pox  are  present  there  should  be  no  difficulty  in  diagnosis. 
But  erythema  multiforme  is  sometimes  accompanied  l)y  high  pyrexia 
and  symptoms  closely  resembling  those  of  small-pox.  In  such  cases  it  is 
desirable  to  inquire  if  there  is  any  history  of  rheumatism — perhaps  the 
p;rtient  may  have  had  an  attack  of  that  disease,  or  have  had  a similar 
pish  and  symptoms  before.  Should  a history  of  rheumatism  be  elicited, 
it  would  be  advisable  to  wait  until  the  appearance  or  non-appearance  of 
the  characteristic  symptoms  of  small-pox  solve  the  difficulty. 

In  German  tnea.4es  the  initial  temperature  and  symptoms  of  small-pox 
are  absent. 

Copaiba  Eruption. — In  this  there  is  usually  an  absence  of  the  initial 
symptoms  and  temperature  of  small-pox. 

Lumbago  has  been  mistaken  for  small-pox,  but  the  absence  of  fever, 
of  headache,  and  other  symptoms  should  be  sufficient  to  exclude  the 
diagnosis  of  small-pox. 

Menstrual  Eruptions. — A general  erythema,  covering  the  entire  skin,  of  a 
deep  piu'ple  colour,  and  fading  on  pressure,  occurs  sometimes  in  women 
at  the  climacteric  age.  The  colour  is  so  dark  that  it  has  sometimes 
been  mistaken. for  hsemorrhagic  small-pox.  Small-pox  should  be  excluded, 
without  much  difficulty,  because  the  mucous  haemorrhage  is  exclusively 
uterine,  there  being  no  bleeding  from  the  gums,  epistaxis,  haemoptysis, 
haematemesis,  nor  any  purpuric  spots  on  the  skin.  The  eruption  is  not 
accompanied  by  the  initial  symptoms  of  small-pox,  except  perhaps  back- 
ache, nor  by  the  prostration  that  invariably  attends  the  haemorrhagic 
small-pox. 

B.  Diagnosis  in  the  Vesicular  Stage. 

Small-pox,  when  the  characteristic  eruption  is  fully  out,  may  be 
mistaken  for  diseases  that  are  accompanied  by  papular,  vesicular,  or 
pustular  eruptions.  These  are  chiefly  measles,  chicken-pox,  syphilis, 
eczema,  enteric  fever,  bromide  and ' iodide  eruptions,  prickly  heat,  acne, 
herpes,  lichen,  glanders,  and  rheumatic  rashes. 

Measles. — Confluent  small-pox,  on  the  first  or  second  day  of  the 
eruption,  is  frequently  diagnosed  as  measles.  The  signs  that  mislead  the 
observer  are  usually  confined  to  the  face  and  ai-ms,  where  the  skin  is  often 
congested,  intensely  hypersemic,  of  a purplish-red,  studded  with  large 
rai.sed  papules  about  the  size  of  the  spots  of  measles.  The  skin  is  swollen 
as  in  measles,  the  eyes  are  most  probably  suffused,  and  a careless 
observer  not  looking  closely  may  easily  be  mistaken  as  to  the  nature  of 
the  disease.  In  small-pox,  however,  careful  examination  will  shew  that 
the  yiapules  are  more  raised  than  those  of  measles,  that  minute  vesicles 
are  forming  in  the  centre  of  some,  if  not  in  many,  of  the  papules,  and  on 
pressing  the  fingers  fii-mly  to  the  forehead  and  drawing  them  slowly 
acToss,  the  [lapules  arc  felt  to  be  resisbuit,  hard,  and  “shotty.”  In 
mea.sles  there  is  not  a trace  of  vesiculation,  and  the  eruption,  though 
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resistant,  is  velvety  and  soft — not  in  the  faintest  degree  indurated. 
Further,  on  examining  the  mouth  and  throat  numerous  small  white  spots 
of  the  size  of  a sago-grain  or  larger  will  be  seen  on  the  tongue,  tonsils, 
pha7-ynx,  and  buccal  mucosa  if  the  case  be  small-pox.  But  if  measles, 
the  small  white  Koplik’s  spots,  if  present,  will  be  seen  mostly  on  the 
buccal  mucosa  opposite  the  molar  teeth,  not  on  the  tonsils  or  pharynx. 

Chichen-pox  is  the  disease  most  commonly  mistaken  for  small-pox,  and 
cases  of  small-pox  in  unvaccinated  children  are  very  frequently  mistaken 
for  chicken-]7ox.  The  diagnostic  points  of  chicken-pox  are  as  follows  : — 

(i.)  Initial  Symptoms. — Thei’e  is  usually  complete  absence  of  these  in 
chicken-pox,  but  occasionally,  and  mostly  in  adults,  they  closely  simulate 
those  of  small-pox,  except  that 

(ii.)  The  temperature  is  not  at  all  or  only  slightly  raised  before  the 
rash  appears,  and  may  or  may  not  rise  when  the  rash  comes  out ; but  if 
it  be  raised  before  the  appearance  of  the  rash  it  does  not  then  fall. 

(iii.)  Distribution  of  Eruption. — The  eruption  is  most  abundant  on  the 
trunk  and  sometimes  on  the  scalp ; it  is  less  on  the  face,  less  still  on  the 
arms,  thighs,  forearms  and  legs,  and  least  of  all  on  the  hands  and  feet. 
It  is  almost  invariably  discrete,  although  it  may  be  so  abundant  as  to 
be  nearly  confluent,  and  may  appear  all  in  one  crop,  or  in  successive 
crops,  extending  over  one,  two,  three,  four,  five  or  more  days  after  the 
first. 

(iv.)  Character  of  Eruption. — In  all  cases  of  chicken-pox  the  eruption- 
is  at  first  either  macular  or  papular ; but,  on  account  of  the  absence  of 
symptoms,  the  eruption  is  not  usually  observed  until  it  has  reached  the 
vesicular  stage.  When  there  is  a fairly  copious  eruption,  some  of  the 
vesicles  are  round,  others  oval,  the  latter  being  usually  in  the  axillary 
folds  and  flanks,  with  the  long  axis  of  the  oval  parallel  to  the  folds  of 
the  skin.  But  if  there  be  a very  sparse  eruption,  not  infrequently  all 
the  vesicles  are  round.  The  vesicle  of  chicken-pox  is  more  superficial 
than  that  of  small-pox,  and  its  floor  is  very  slightly  indurated  as  long  as 
the  vesicle  remains  intact.  On  the  forearms,  hands,  legs,  and  feet,  the 
vesicles  are  usually  round,  and  often  less  superficial  than  on  the  trunk. 
Some  of  the  vesicles  mature,  often  within  twelve,  alwaj^s  within  twenty- 
four,  hours  of  their  appearance.  No  such  rapidity  of  evolution  character- 
ises the  small-pox  vesicles.  When  mature,  they  are  shiny,  translucent, 
and  filled  with  clear  sei’um  ; if  transfixed  and  pressed,  the  contents  escape 
and  the  vesicular  wall  collapses.  The  vesicles  rarely  shew  a central 
depression  until  after  rupture,  which  frequently  occurs  as  soon  as  the- 
vesicle  is  mature.  When  rupture  takes  place  either  a little  serum  eseapes, 
with  consequent  partial  central  collapse  of  the  wall  of  the  vesicle,  and 
a central  depression  results,  or  all  the  serum  escapes,  a flattened  empty 
vesicle  resulting. 

In  small-pox  the  initial  symptoms  are  marked  and  the  temperature  is 
high,  falling  when  the  eruption  is  fully  out.  The  lesion  lies  deeper  in 
the  epidermis  than  that  of  chicken-pox,  and  it  is  not  fully  vesicular 
within  twenty-four  hours  of  its  appearance,  either  in  natural  or  modified 
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snuill-pox.  When  mature,  the  vesicle  often  shews  a central  depression 
and  a narrow  white  ring  at  its  periphery,  and  can  only  bo  emptied  by 
cutting  it  open. 

Apart  from  such  help  as  may  be  obtained  from  a consideration  of  the 
initial  symptoms  and  temperature,  the  differential  diagnosis  of  chicken-pox 
and  small-pox  rests,  in  the  early  stages,  on  the  distribution,  character, 
and  evolution  of  the  individual  eruptions,  above  all  on  the  evolution,, 
rapid  in  chicken-pox,  slow  and  gradual  in  small-pox. 

In  the  later  stages  of  chicken-pox — third  or  fourth  day. — considerable 
difficulty  in  diagnosis  is  sometimes  presented,  especially  when  the  distri- 
bution of  the  eruption  follows  closely  that  of  small-pox.  The  points  to 
be  noted  are — the  history  of  the  illness,  and  the  different  phases  of 
development  of  the  component  lesions  of  the  eruption ; papules,  vesicles, 
pustules,  and  scabs  being  all  intermixed.  If  the  eruption  be  at  all 
copious,  lesions  will  be  seen  in  all  stages,  papules,  abortive  vesicles, 
unruptimed  vesicles  filled  with  timbid  or  puriform  contents,  flattened 
pocks  of  varying  sizes  with  dirty,  sometimes  black,  scabs;  while  the  edges 
of  the  pock  are  often  irregular  and  puckered,  not  infrequently  shewing  a 
spreading  margin  with  the  surrounding  skin  reddened.  The  irregular 
puckering  of  the  periphery  of  the  pock  is  very  characteristic  of  the 
ruptiu-ed  scabbing  chicken-pox  vesicles.  The  evolution  of  the  eruption 
in  smaU-pox  is  more  uniform  than  in  chicken-pox,  and  the  combination 
of  abortive  vesicles,  mature  unruptured  vesicles,  and  flattened  scabbing 
puckered  pocks,  is  not  seen  in  the  former  disease. 

It  is  perhaps  advisable  to  direct  attention  to  a point  that  is  often 
overlooked  in  regard  to  the  eruption  of  chicken-pox.  It  is  this  : on  the 
face,  forearms,  hands,  legs  (from  the  knee),  and  feet,  the  vesicles  of 
chicken-pox  often  bear  a strong  resemblance  to  those  of  modified  small- 
pox, being  small,  round,  hard,  not  transparent,  and  set  more  deeply  in 
the  epidermis  than  are  the  vesicles  on  the  trunk.  If  one  relied  for  a 
diagnosis  solely  upon  the  character  of  the  eruption  present  on  these  sites, 
it  would  be  impossible  in  many  cases  to  say  whether  the  disease  were 
chicken-pox  or  small-pox.  It  is,  therefore,  essential  that  the  whole  of 
the  eruption  should  be  inspected.  In  all  cases  of  chicken-pox,  if  seen 
early  enough,  typical  vesicles  vdll  be  seen  on  the  tnmk  or  upper  parts 
of  the  extremities,  or  if  seen  later  in  the  disease,  the  character  of  the 
eruption  will  be  such  as  has  been  already  described. 

Cases  of  small-pox  in  unvaccinated  chikken  have  frequently  been 
mistaken  for  chicken-pox;  but  if  due  regard  be  had  to  the  distribution  of 
the  rash,  and  above  all  to  the  rule  that  in  chicken-pox  some  of  the  vesicles 
at  least  have  reached  their  full  development  •within  one  day  from  the 
appearance  of  the  papule,  while  in  .small-pox  in  unvaccinated  subjects  the 
vesicles  are  not  fully  developed  until  five  days  after  the  appearance  of 
the  eruption,  no  mistake  ought  to  be  possible.  Mistakes  of  this  nature 
have  again  and  again  been  the  cause  of  .small-pox  outbreaks. 

Syphilis.  — Usually  the  scaly  - papular  and  the  pustular  erui)tions 
are  mistaken  for  small-pox;  in  some  cases  the  history  of  the  gradual 
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appearance  of  copper-coloured  scaling  papules  and  the  symmetrical  distribu- 
tion will  at  once  suggest  syphilis.  If  copper-coloured  i)apules  co-exist 
with  scaling  papules  and  pustides,  a mistake  should  not  be  possible,  but  if 
there  have  been  high  initial  fever  of  a few  days’  duration,  followed  by  a 
general  papular  eruption  becoming  in  part  at  least  vesicular  or  pustular, 
the  diagnosis  may  present  some  difficulty.  In  most  if  not  in  all  such 
cases  of  syphilitic  eruption  there  are  flat,  copper-coloured,  scaly  papules 
along  witli  vesicles  or  pustules,  and  the  evolution  of  the  eruption  is 
slower  than  in  small-pox.  Such  a combination  never  occurs  in  small-pox, 
and  many  mistakes  made  in  the  diagnosis  of  pustular  syphilides  might 
be  avoided  if  this  point  were  carefully  noted.  If,  in  addition,  the 
temperature  do  not  fall  with  the  appearance  of  the  eruption,  there  should 
be  no  doubt  whatever  as  to  the  exclusion  of  small-pox  as  a possible 
diagnosis ; while  the  invariable  presence  of  enlarged  inguinal  lymphatic 
glands,  and  the  history  of  the  case,  add  to  the  certainty  of  its  being 
syphilis,  not  small-pox ; here  again  an  examination  of  the  entire  surface 
of  the  skin  should  not  be  omitted. 

Herpes. — A cluster  of  papules  arise  on  a circumscrilied  area  of 
inflammation,  become  vesicular  by  the  end  of  the  first  day,  are  trans- 
parent and  filled  with  a clear  fluid,  and  collapse  on  being  pricked.  If 
present  on  the  palate  and  fauces  they  look  not  unlike  the  vesicles  of 
small-pox,  but  the  distribution  of  the  rash  and  the  absence  of  the  initial 
symptoms  of  small-pox  ought  to  remove  any  difficulty  as  to  the  diagnosis. 

Eczema. — Here  again  the  initial  symptoms  of  small-pox  are  absent ; 
the  vesicles  are  small,  and  arranged  usually  in  clusters  on  an  inflamed 
base  which  is  larger  than  the  papule  of  small-pox. 

Glaiulers. — Pyrexia,  malaise,  and  pains  in  limbs  are  present  before 
the  skin  lesion  appears.  The  eruption  is  at  first  composed  of  red 
papules ; these  are  indurated  and  increase  rapidly  in  size  till  they  are 
about  as  big  as  a pea.  Pustules  form  on  the  top  of  the  papule.  There 
is  a fetid  nasal  discharge.  The  initial  symptoms  and  course  of  the 
eruption  and  of  the  disease  are  totally  unlike  the  symptoms  and  course 
of  small-pox ; while  the  severity  of  the  constitutional  symptoms  is  out  of 
all  proportion  to  those  that  accompany  a case  of  smalTpox  with  a like 
amount  of  eruption.  Moreover,  nasal  discharge  is  very  rare  in  small-pox. 
If  inoculated,  the  local  wound,  character  of  tlie  eruption,  and  the  history 
of  the  case,  suffice  to  exclude  the  diagnosis  of  small-pox. 

Pycemic  Skin  Ei'uptions. — Those  mistaken  for  small-pox  usually  occiu’ 
in  cases  of  infective  endocarditis  presenting  an  eruption  of  a small 
number  of  petechias  and  pustules.  The  petechias  vary  from  the  size  of 
a lentil  to  a split  pea,  are  irregular  in  outline,  of  a red  tinged  with 
purple  colour,  and  distributed  mostly  on  the  extremities ; interspersed 
with  these  ai'c  small  pustules.  The  gradual  onset  of  the  symptoms,  the 
date  of  the  appearance  of  the  eruption,  its  sparseness,  the  absence  of 
deep  violet  or  purple  spots,  the  continued  high  temperature,  the  great 
prostration  and  severe  constitutional  symptoms,  negative  the  diagnosis  of 
small-pox. 
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Enteric  Fever. — If  the  eruption  bo  jn-eseut  on  the  trunk,  limbs,  ami 
perhaps  on  the  face,  the  rose-spots  much  raised  and  more  or  less  resistant, 
or  if  some  of  the  spots  shew  minute  vesiculation,  the  disease  may  be 
mistaken  for  small-pox.  The  history,  symptoms,  and  duration  of  illness, 
one  week  at  least  before  the  appearance  of  the  rash,  should  remove  an}’ 
doubt  as  to  the  nature  of  the  ailment. 

PrkUij  heat  may  be  excluded  by  the  absence  of  the  initial  symptoms 
and  temperature  of  small-pox. 

In  bromide  and  iodide  eniptioiis  the  initial  symptoms  and  pyrexia  of 
small-pox  are  absent.  The  vesicles  sometimes  closely  resemble  those  of 
small-pox  in  distribution,  size,  shape,  and  contents,  but  they  do  not  shew 
depressed  centres,  nor  a narrow  white  ring  at  the  periphery.  If  the 
vesicular  contents  be  analysed  bromine  or  iodine  will  be  detected. 
^^T^en  the  eruption  shews  as  very  large  vesicles  and  bullte  there  should 
be  no  difficulty  in  diagnosis.  Inquiry  shoi^ld  be  made  with  regard  to 
the  nature  of  medicine  that  the  patient  may  have  been  taking. 

Fiheumatic  Eniptions. — It  is  only  when  there  is  an  eruption  of  miliary 
vesicles  markedly  larger  than  those  usually  associated  with  rheumatism 
that  mistakes  are  made.  Unlike  small-pox,  the  eruption  is  most  abundant 
on  the  trunk.  The  vesicles  are  small,  hemispherical,  filled  with  a clear 
or  straw -coloured  fluid,  and  collapse  on  pricking.  The  history  of 
rheumatism  or  other  disease  attended  by  sweating,  the  absence  of  initial 
symptoms  of  small-pox  before  the  eruption  appeared,  its  distribution  and 
character,  shotdd  exclude  small-pox. 

Acne. — Initial  symptoms  of  small -pox  wanting.  The  eruption  is 
distributed  on  the  face  and  shoulders.  The  pustules  are  acuminated, 
some  of  them  indurated,,  and  they  shew  a central  dot  or  comedo. 

Lichen. — The  papules  are  soft  and  red,  and  do  not  become  vesicular ; 
there  are  no  initial  symptoms. 

Pemphigus. — The  initial  symptoms  of  small-pox  are  absent ; the 
bullae  are  much  larger  than  small-pox  vesicles ; they  are  distended  by 
clear,  straw-coloured  fluid,  and  collapse  on  being  pricked. 

Urticaria  Papulosa. — The  wheals  are  small,  of  the  size  of  a split  pea, 
and  of  a dull  white  colour ; they  rise  in  an  hour  or  two  to  the  full 
size,  either  with  no  redness  at  the  base  or  that  of  the  usual  erythema 
of  urticaria.  The  vesicle  is  hard  like  the  small-pox  vesicle,  but  in  urticaria 
it  attains  the  size  of  a split  pea  in  a few  hours ; the  initial  symptoms  are 
not  tho.se  of  small-pox. 

Cherniad  irritants  sometimes  produce  a vesicular  eruption  indistinguish- 
able from  that  of  small-pox.  I have  seen  a confluent  vesicular  eruption 
on  the  forearms  and  hands,  with  a few  vesicles  on  the  nape  of  the  neck, 
mistaken  for  small-pox.  The  vesicles  tvere  of  the  size  of  those  of  natural 
small-pox  on  the  fifth  day  of  eruption.  Tlie  limitation  of  a confluent 
vesicular  eruption  to  the  forearms  and  hands,  and  the  complete  absence  of 
eruption  on  trunk  and  extremities,  negatived  the  diagnosis  of  small-pox.  In 
addition  initial  symptoms  were  ab.sent,  and  the  ra.sh  had  attained  its 
height  within  two  days  from  the  time  that  the  patient  had  immersed  his 
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.arms  in  a strong  solution  of  washing-soda.  The  vesicles  on  the  nape  of  the 
neck  were  accounted  for  by  the  patient  having  scratched  the  spot  with 
his  wet  fingers. 

The  diseases  enumerated  above  are  instances  of  cases  of  erroneous 
diagnosis  that  came  under  my  notice  during  the  years  when  all  small-po-v 
cases  in  London  certified  for  removal  to  hospital  passed  through  my 
hands  for  verification  of  the  diagnosis.  To  avoid  mistakes  in  the 
diagnosis  of  eruptions  which  counterfeit  that  of  small-pox,  be  it  the 
natural  or  modified  small-pox,  is  not  perhaps  possible  in  every  case ; but 
a careful  examination  of  the  entire  surface  of  the  skin,  with  full  inquiry  as 
to  the  history  of  the  case,  will  obviate  the  occurrence  of  many  errors  in 
diagnosis.  The  great  practical  importance  of  the  diagnosis,  and  the 
anxiety  with  which  doubtful  cases  are  regarded,  must  be  my  excuse  for 
the  detail  with  which  I have  gone  into  this  part  of  the  subject. 

Prognosis. — A.  General  considerations  affecting  prognosis. 

These  are  age,  vaccination,  and,  in  a minor  degree,  the  sex  of  the 
patients.  The  following  table  shews  the  fatality  of  small-pox  in  unvac- 
cinated and  vaccinated  patients  in  the  different  quinquenniads  up  to 
thirty  : — 


Table  of  Cases,  Deaths,  and  percentage  Mortality  in  the  Quinquennial 

Periods  up  to  Thirty.^ 


Vaccinated. 

Unvacoinated. 

Cases. 

Deaths. 

Mort.  li.e. 

Cases. 

Deaths. 

Mort  p.c. 

Under  5 years 

35 

0 

0 

948 

400 

42-19 

5-  9 „ . . 

235 

2 

0-8 

796 

128 

16-08 

10-14 

675 

7 

1-04 

550 

92 

16-72 

15-19 

1,488 

24 

1-61 

337 

65 

19-28 

20-24 

2,086 

78 

3-59 

•225 

57 

25-33 

25-29  ,,  . . 

1,851 

107 

5*77 

147 

53 

iid  ’Ui) 

30  and  upwards 

4,627 

616 

13-31 

220 

101 

45-90 

Totals 

10,997 

834 

7-6 

3,223 

896 

24-7 

It  will  be  noted  that  the  mortality  in  vaccinated  subjects  is  almost  nil 
under  10  years  of  age,  very  slight  from  10  to  19,  and  thereafter  increases 
considerably.  In  unvaccinated  subjects  the  most  fatal  periods  are  under 
5 and  over  30  years  of  age,  while  the  lowest  mortality  is  between  5 
.and  14. 

The  chai-actcr  of  the  vaccination  also  affects  pi-ognosis. 

* From  Report.s  of  Statistical  Committee  of  Metropolitan  Asylums  Board.  1889  to  1904. 
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Tablk  of  Cases,  Deaths,  and  percentjige  Mortality  of  Patients  with  one, 
two,  three,  and  four  or  more  good  and  indiflerent  marksd 


j Xo,  of  M:irk:8. 

Clmraeter  of  JI.nks. 

No.  of  Cases. 

Deaths. 

Jlortalily  p.c. 

; One 

( ' 

Good  . 

1,095 

70 

6-4 

t 

/ 

i 

Iiulitlercnt  . 

2,014 

341 

16-7 

1 Two 

Good  . 
liiditl'erent  . 

1,461 

2,476 

54 

279 

3-7 

11-2 

Three  . 

1 

Good  . 

1,095 

41 

3-7 

1 

1 

ImJiUerent  . 

1,778 

133 

7-4 

Four  or  more 

1 

Good  . 

826 

23 

2-7 

I 

Indiflerent  . 

949 

46 

4-8 

1 

Total  . 

11,724 

987 

8-1 

This  table  shews  that  while  the  mortality  among  cases  with  one  good 
mai'k  is  6’4  per  cent,  among  those  with  one  indifferent  it  is  16 '7.  Among 
those  with  two  good  marks  it  is  3'7  ; among  those  with  two  indifferent 
marks  it  is  11 '2.  Among  those  with  three  good  marks  it  is  3 ‘7  per 
cent,  and  in  those  with  three  indifferent  it  is  7 '4.  Among  those  with 
four  or  more  good  it  is  2'7  ; among  those  with  four  or  more  indifferent 
it  is  4 ’8.  Good  marks  are  those  -with  a well-foveated  surface,  and  in- 

different are  those  shewing  faint  foveations  or  smooth  surface. 

If  efficient  vaccination  be  estimated  by  superficial  area  of  marks  the 
difference  is  even  more  striking.  I carefully  noted  the  area  and  character 
of  the  primary  vaccination  marks  in  5808  consecutive  cases  of  small-pox. 
At  the  time  my  observations  were  made,  one-third  of  a square  inch  of 
well-foveated  surface  was  held  to  constitute  efficient  vaccination.  There 
were  1435  patients  shewing  efficient  vaccination,  of  whom  36  died, 
giving  a mortality  of  2’5  per  cent;  and  4375  patients  shewing  imperfect 
vaccination,  of  whom  378  died,  giving  a mortality  of  8'7  per  cent.  So 
that  the  protection  against  fatal  attack  is  about  three  or  four  times 
greater  among  patients  with  efficient  than  among  those  with  non-efficient 
vaccination. 

Should  a person  who  has  been  successfully  revaccinated  contract 
small-pox,  the  risk  of  the  attack  proving  fatal  is  A*ery  small  indeed,  unless 
small-pox  be  superadded  to  some  pre-existent  serious  disease,  for  example, 
of  kidney,  lung,  brain,  etc.  There  are,  howeAmr,  some  exceptional 
pensons  in  whom  the  protection  against  small-pox  afforded  b}'  A^accination 
and  revaccination,  or  previous  attack,  does  not  last  more  than  a year  or 
two;  and  it  is  impossible  in  all  cases  to  promise  immunit}-  from  an 
attack  of,  or  even  death  from,  small-pox  after  vaccination  and  revaccina- 
tion. But  I have  not  seen  a fatal  case  of  small-pox  in  any  one  Avho  had 
one-third  of  a sfpiare  inch  or  more  of  Avell-foveated  primary  vaccination 
scans  and  had  l;ccn  successfully  revaccinated. 

Hex  does  not  appreciably  affect  progno.si.s,  the  mortality  in  males 
being  only  1 per  cent  higher  than  in  females. 

' CornpilMl  from  Iteports  of  the  .Medical  Sui)cnnteiKleiit,s  of  the  A.sylums  Board  Siiiall- 
I>ox  ffcMpital  from  1871  to  1880. 
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The  nature  of  the  i^revailing  epidemic  affects  prognosis  to  some 
extent;  for  instance,  the  epidemic  of  1871  was  considerably  more  fatal 
generally  than  the  outbreaks  for  some  time  before  or  since. 

B.  Special  considerations  affecting  prognosis. 

Serious  antecedent  or  co-existent  illness  affects  prognosis  unfavourably, 
and  small-pox  when  it  attacks  alcoholics  often  assumes  the  vesicular  or 
pustular  hcemorrhagic  form,  the  prognosis  being  then  most  unfavourable. 

The  duration  of  the  incubation-period  hardly  affords  reliable  indica- 
tions as  to  the  severity  of  the  subsequent  attack,  but  some  have  noted 
that,  in  pure  hcemorrhagic  cases,  it  is  not  infrequently  shorter  than  the 
average. 

Considerable  assistance  in  prognosis  may  be  derived,  however,  from  a 
consideration  of  the  early  symptoms,  the  appearances  presented  by  initial 
rashes,  the  amount  of  the  characteristic  eruption,  and  particularly  from 
the  haemorrhagic  manifestations. 

Initial  Symptoms. — If  these  be  mild  the  attack  will  probably  not  be 
fatal.  But  the  converse  does  not  hold  good,  for  although  in  the  majority 
of  confluent  and  in  all  pure  haemorrhagic  cases  the  initial  symptoms  are 
severe,  yet  severe  initial  symptoms  often  ushei’  in  a mild  attack. 

Initial  Rasim. — General  Erythemas. — Genei'al  scarlatiniform  and  mor- 
billiform erythemas  are  usuall)'  followed  by  mild  attacks,  especially  in 
vaccinated  subjects.  On  the  other  hand,  a vivid  red  general  erythema  is 
often  met  with  in  patients  whose  attacks  prove  to  be  of  the  hmmorrhagic 
type.  If  a general  erythema  be  accompanied  by  an  abundant  crop  of 
purple  petechim  in  the  groins  or  elsewhere,  the  case  will  probably  prove 
fatal ; and  if  accompanied  by  isolated  ink-spots  death  will  result. 

Partial  Erythemas. — Partial  erythemas  unaccompanied  by  hajmor- 
rhagic  signs  indicate  every  probability  of  a mild  attack  following. 
If  petechio-erythematous  rashes  shew  only  the  bright  red  petechim 
the  case  will  probably  recover.  If,  on  the  other  hand,  there  be  masses  of 
qDurple  petechim  in  the  abdomino-crural  triangle  or  in  the  lumbar  region 
the  case  will  most  lilcely  be  fatal.  If  a petechial  rash  be  composed  of 
bright  red  and  purple  petechifc,  the  case  is  likely  to  be  severe ; if  vacci- 
nated, the  case  will  jirobably  recover ; if  unvaccinated,  it  is  not  unlikely 
to  end  in  death. 

Generally  speaking,  the  probability  of  a severe  attack  following  an 
initial  rash  is  directly  proportioned  to  the  depth  of  the  purple  hue  or 
the  degree  of  the  duskiness  of  the  rash.  Blood  in  the  urine  in  the  initial 
stage  is  an  unfavourable  symptom,  as  is  also  ha?morrhuge  from  mucous 
surfaces  and  the  uterus. 

In  discrete  modified  small-pox  the  prognosis  is  very  good  ; death 
rarely  occurs.  In  discrete  natural  small-po.x  prognosis  is  unfavouralde 
under  one  year;  less  so  between  one  and  three  years  of  age  ; after  that 
good.  Convulsions  and  coma  in  modified  or  unmodified  disci’ete  small- 
pox are  unfavourable,  especially  so  if  they  supervene  from  about  the  sixth 
to  the  ninth  day  of  disease. 

Confluent  Modijkd  Small  pox. — When  vaccinated  adults  shew  a copious, 
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almost  conriuent  eruption,  it  is,  during  the  first  few  du^’s,  impossible  to  say 
whether  or  not  the  disease  will  bo  modified.  If,  on  the  third  or  fourth 
day  of  eruption,  the  vesicles  on  the  face,  which  is  usually  at  that  date 
markedly  mdematous  in  these  cases,  begin  to  get  cloudy  it  may  then  be 
Siifely  affirmed  tliat  the  attack  will  be  modified,  and  that  the  patient  will, 
in  all  probability,  recover. 

Coujiuent  Unmodified  Small-pox. — Gravity  of  prognosis  bears  a direct 
ratio  to  the  degree  of  confluence  of  eruption.  If  quite  confluent  on  the 
face,  head,  extremities,  and  back,  the  prospect  of  recovery  is  slight ; but 
if  the  eruption  be  not  confluent  on  the  back  the  chance  of  recovery  is 
much  greater.  Abortion  afiects  prognosis  very  unfavourably.  Under 
two  years  of  age  confluent  natural  small-pox  is  almost  invariably  fatal ; 
from  two  to  five  years  about  one-fourth  of  the  cases  recover ; the  prog- 
nosis thereafter  is  more  favourable,  and  from  ten  to  fourteen  the  imtient 
is  more  likely  to  recover  than  at  any  other  age.  After  fifteen  years  of 
age  the  percentage  of  deaths  to  recoveries  increases  steadily  with  advanc- 
ing years. 

In  all  cases,  abundant  eruption  on  the  mouth,  fauces,  and  pharynx  is 
imfavoiu’able ; and  if  symptoms  of  laryngeal  obstruction  supervene,  the 
granty  of  the  prognosis  is  increased.  Subcutaneous  oedema  is  not  in 
itself  unfavourable  j on  the  other  hand,  if  the  vesicles  fill  with  lymph  xery 
slowly,  and  the  skin  at  the  fifth  or  sixth  day  of  eruption  presents  a flat, 
pasty  white,  or  rough  parchment  appearance,  accompanied  by  very  little 
swelling  (other  than  that  caused  by  the  raised  epidermis),  the  prognosis 
is  most  unfavourable,  recovery  rarely  taking  place,  and  then,  as  a rule, 
only  in  patients  between  ten  and  twenty  years  of  age. 

Delirium  in  the  vesicular  stage,  and,  in  children,  grinding  of  the  teeth 
are  unfavourable.  If  the  temperature  in  the  vesicular  stage  do  not  fall 
under  100°  F.  the  prognosis  is  less  favourable  than  if  it  fall  to  normal.  A 
temperature  over  104°  in  the  pustular  stage,  attended  by  restlessness  and 
delirium,  is  unfavourable ; and  if  septictemia,  deep  cellulitis,  laryngeal  or 
pulmonary  complications,  or  diarrhoea  follow,  the  gravity  of  the  prognosis 
is  increased. 

Hmmorrharjic  Small-pox. — True  haemorrhagic  small-pox  is  invariably 
fatal.  Where  haemonffiagic  manifestations  and  the  eruption  of  small-po.x 
co-exist,  prognosis  becomes  less  gra^  e as  the  attack  more  nearly  assumes 
the  form  in  which  the  skin  haemorrhages  are  limited  to  sub-  and  peri- 
vesicular  hiemorrhages ; but  in  all  such  cases  the  prognosis  is  exceedinglt' 
unfavourable,  and  recovery  veiy  rarely  takes  place.  In  sub-  and  jeeri- 
ve.sicular  haemorrhagic  cases,  if  the  eruption  lee  discrete  and  haemorrhage 
appear  late  and  be  limited  mostly  to  the  lower  extremities,  recovery  is 
to  be  hoped  for  ; but  if  the  eruption  bo  aleundant,  and  side-  and  leeri- 
vesicular  hiemorrhage  general,  recovery  is  very  doubtful.  If  the  erujetion 
be  confluent  with  general  side-  and  peri-vesicular  haimorrhagc,  recovery 
doe.s  not  take  place ; but  a considerable  number  of  confluent  cases  recover 
if  haemorrhage  be  present  only  in  the  lower  extremities,  and  to  a limited 
extent  on  the  tmnk  and  arms.  The  presence  of  a claret-coloured  areola 
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encircling  the  majority  of  the  vesicles  early  in  the  course  of  eruption  is  a 
most  unfavourable  sign.  It  often  appears  on  the  second  day  of  eruption, 
and  affords  early  evidence  as  to  the  probable  termination  of  the  disease. 
If  it  be  confined  to  the  lower  extremities,  it  is  not  in  many  cases  of  much 
significance.  In  all  forms  of  hemorrhagic  small-pox  copious  hemorrhage 
from  the  mucous  membranes  deepens  the  gravity  of  the  prognosis. 

The  onset  of  serious  lung  complication  during  the  pustular  and 
incrustation  stages  is  unfavourable,  as  are  also  extensive  erysipelas  of  the 
extremities  and  deep  cellulitis. 

Nursing  and  Management  of  Patients. — Careful  and  judicious  nm’.s- 
ing  and  the  most  scrupulous  attention  to  the  cleanliness  of  the  bed-linen, 
are  all-important.  The  pus  oozing  from  the  pustules  very  quickly  soils 
the  personal  and  bed  linen,  which  should  therefore  be  changed  very 
frequently.  The  mouth  and  nose  should  be  frequently  cleansed,  and 
above  all  in  severe  attacks  the  eyes  should  be  Avatched  constantlj-,  and  be 
bathed  and  cleansed  systematically  and  thoroughly.  It  is  impossible  to 
overrate  the  importance  of  this  attention. 

The  handling  of  the  patients  must  be  most  gentle,  and  in  raising 
the  head  or  shoulders  the  nurse’s  arm  should  always  be  placed  under  the 
pillow.  Infants,  Avhen  being  nursed  in  the  arms,  should  rest  on  a pillow 
on  the  nurse’s  arm.  Attention  to  details  of  this  kind  add  much  to  the 
patient’s  comfort. 

In  the  acute  stage  it  is  not  practicable  to  wash  patients  suffering 
from  severe  or  even  moderately  severe  small-pox ; but  the  skin  should 
be  cleansed  as  much  as  possible  by  sponging,  and  such  ablutions  as  Avill 
readily  suggest  themselves  to  an  intelligent  nurse  carried  out ; baths 
should  be  given  as  soon  as  the  patient  can  bear  the  fatigue. 

The  management  of  delirious  patients  requires  much  tact  and  in- 
telligence on  the  part  of  the  nurse.  The  most  troublesome  and  violent 
delirium  is  noted  usually  in  confluent  cases  during  the  late  vesicular  stage 
or  at  the  beginning  of  the  pustular.  These  patients  require  most  careful 
and  constant  Avatching.  Very  often  they  seize  the  occasion  of  the  nurse’s 
temporary  absence  to  make  their  escape  through  door  or  AA'indoAV.  For 
this  reason  they  should  not  be  left  unattended  for  an  instant.  Most 
commonly  the  patient  has  the  strongest  objection  to  being  considered  ill, 
Avishes  to  go  home,  and  insists  upon  having  his  clothes  given  him.  A 
judicious  nurse  Avill  endeavour  to  distract  his  attention,  talk  to  him, 
humour  him  as  much  as  possible,  tell  stories,  preA’aricate,  do  anything 
but  argue  Avith  or  contradict  him ; and  must  never,  except  in  some 
extremity,  use  mechanical  restraint,  and  then  only  as  a purely  temporary 
measure.  Mechanical  restraint  is  most  inadvisable,  aggraA-ating  the 
patient  and  increasing  the  delirium.  A delirious  small-pox  patient,  AAdien 
thoroughly  roused  and  angry,  Avill  not  hesitate  to  knock  the  nurse  doAvn 
and  make  his  escape.  In  the  case  of  a patient  Avho  insists  that  he  is 
quite  Avell  and  demands  to  be  dressed  and  allowed  to  go  home,  if  opiates 
fail  to  quiet  him — a useful  device  is  to  dress  the  patient  in  a dressing- 
goAvn,  stockings,  and  slippers,  and  alloAV  him  to  Avalk  up  and  doAvn  the 
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ward  or  round  the  room,  the  nurse  holding  the  patient’s  arm,  at  tlie  same 
time  keeping  her  eye  on  the  door  and  -window.  After  a few  turns,  the 
patient  finds  that  he  is  unalde  to  continue  the  exercise,  and  goes  cpiietly 
back  to  bed.  In  such  cases  it  is  necessar}^  to  have  the  assistance  of  an 
additional  uiu’se  or  male  attendant  to  sit  by  the  patient’s  bed.  If  the 
bedroom  be  on  the  first  floor  or  above,  stops  should  be  fixed  in  the  sash 
grooves,  so  that  neither  sash  can  be  opened  wider  than  six  inches. 

Treatment. — Patients  with  discrete  modified  small-pox  require  little 
attention,  but  in  those  suffering  from  the  severer  forms,  unremitting  care 
and  good  nursing  are  essential.  There  should  be  an  ample  supjDly  of 
fresh,  cool  air.  The  temperature  of  the  room  should  be  about  G0°  F. 
The  patient  ought  not  to  be  exposed  to  draughts.  The  air  in  the  room 
should  be  changed  at  least  four  times  every  hour,  and  there  should  be  no 
cm-tains  or  hangings  to  impede  its  free  circulation.  The  bed-  and  body- 
linen  should  be  of  fine  soft  material,  and  the  coverings  light.  A hair- 
mattress  on  ivire  makes  the  most  comfortable  bed.  No  matter  ho-w  fine 
the  linen,  the  pressure  of  the  bed-clothes  and  the  mattress  make  the 
patient  feel  as  if  he  were  sleeping  on  thorns.  In  confluent  cases  consider- 
able relief  is  afforded  by  a water-bed,  but  air-  and  water-cushions  are  of 
little  use. 

Xourishment,  Stimulants,  and  Diet. — Throughout  the  acute  stages  of 
the  illness  milk,  mixed  if  necessary  Avith  diluents,  is  the  main  and  most 
suitable  article  of  nourishment.  Water  should  be  given  liberally,  and  a 
cup  of  tea  or  coffee  whenever  the  patient  Avishes.  In  the  initial  stage 
many  patients  take  little  nourishment,  nor  is  it  often  necessary  that  they 
should  take  more  than  a couple  of  pints  of  milk  daily.  For  the  majority 
of  patients  sufiering  from  modified  small-pox,  the  aboA’e  dietary  will  be 
sufficient  during  the  short  illness  they  experience.  As  soon  as  the  appetite 
returns  the  ordinary  diet  of  health  should  be  resumed. 

In  the  severer  forms  of  small-pox,  hoAvever,  more  liberal  nourishment 
is  necessary,  and  in  many  cases  it  is  of  great  importance  that  it  be  given 
every  tAvo  hours  day  and  night.  During  the  vesicular  stage,  thiee 
pints  of  milk  Avith,  say,  a pint  of  mutton,  Amal,  or  chicken-broth,  or 
beef-tea,  and  in  addition  plenty  of  Avater,  is  usually  a sufficient  daily 
alloAvance.  During  the  jAUStular  and  incrustation  stages,  the  strain 
of  the  disease  taxes  the  patient’s  strength.  This  period  is  roughlj'-  the 
second  Aveek  of  the  illness.  To  combat  the  exhaustion  and  ]irostration  of 
this  period,  three  or  four  pints  of  milk,  tAvo  or  three  eggs,  the  raAv  juice 
of  four  to  eight  ounces  of  lean  meat,  and  abundance  of  Avater  should  be 
given.  The  eggs  are  perhaps  best  given  in  the  form  of  egg-flip  Avith  or 
Avithout  a little  brandy.  The  raAV  meat  juice  should  be  given  mixed  in 
milk. 

Should  the  pulse  become  Aveak,  alcoholic  stimulajits  should  be  given 
in  quantity  proportional  to  the  degree  of  prostration  and  cardiac  Aveak- 
ness.  Patients  Avill  often  be  benefited  by  brandy  or  Avhisky  given  freely, 
and  the  stimulant  should  not  be  discontinued  till  the  condition  of  the 
{xitient  permit,  and  then  gradually.  Champagne  is  a useful  stimulant  in 
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pronounced  prostration  and  exhaustion.  Vesicular  haemorrhagic  ca.ses 
sometimes  shew  marked  prostration  during  the  vesicular  stage  and  may 
then  require  alcoholic  stimulants  with  eggs,  and  so  forth.  In  pure 
haemorrhagic  cases  it  is  sometimes  desirable  to  give  iilcohol  to  lesssen 
the  paitient’s  distress,  l)ut  although  it  maiy  alleviate  suffering  and  perhaps 
prolong  life  a little,  it  v’ill  not  avert  a fatal  issue. 

When  there  is  continued  vomiting  the  milk  should  be  peptonised  or 
mixed  with  diluents  such  as  barley-  or  lime-water.  Should  the  vomiting 
persist  recourse  should  be  haid  to  rectal  feeding.  In  the  feeding  of  Taabies 
and  infants,  care  should  be  taken  not  to  overload  the  stomach  with  too 
much  milk,  as  this  is  a common  cause  of  vomiting. 

Pieces  of  ice  allowed  to  melt  in  the  patient’s  mouth  are  most  cooling 
and  agreeable  in  all  severe  cases,  especially  when  there  is  much  buccal 
and  faucial  eruption  and  swelling.  Lemonade  made  with  fresh  lemons 
helps  to  quench  the  thirst.  In  the  rare  instances  in  which  patients  are 
unable  to  swallow  or  refuse  to  take  nourishment  by  the  mouth,  feeding 
by  the  nasal  or  stomach -tube  should  be  tried,  but  it  may  be  difficult 
to  pass  either  of  these,  and  rectal  feeding  ma}’’  have  to  be  adopted. 

In  the  more  severe  cases,  as  soon  as  the  ajjpetite  begins  to  return  the 
patient  should  be  given  light  and  digestible  solid  food,  milk  puddings, 
custard,  boiled  fish,  chicken,  and  so  on,  at  first;  when  the  appetite 
improves  the  ordinary  diet  of  health  should  be  resumed.  The  appetite 
during  convalescence  is  often  ravenoms,  and  should  bo  gratified  as  far  as 
practicable  and  advisable. 

During  convalescence  from  severe  small-pox,  when  the  appetite  is 
sluggish  and  the  patient  is  regaining  strength  slowly,  wine  is  very  bene- 
ficial, port  being  perhaps  the  most  suitable.  To  many  convalescents  malt 
liquors  may  be  given  with  advantage. 

In  confluent  attacks,  during  the  vesicular  and  pustular  stages,  degluti- 
tion may  be  difficult  and  painful.  Small  pieces  of  ice  placed  in  the 
patient’s  mouth  will  often  afford  considerable  relief.  The  patients  usuallj'' 
keep  the  mouth  open,  consequently  the  mouth  and  throat,  covered  Avith 
disintegrating  vesicles  and  secretion,  become  dry,  and  as  a result  degluti- 
tion is  difficult.  This  can  in  the  main  be  obviated  b}"-  carefully  cleaning 
the  mouth  and  fauces  frequently,  and  is  most  satisfactorily  accomplished 
by  using  SAvabs  moistened  AAuth  a solution  of  l)oric  acid  or  other  suitable 
Avash.  After  sAvabbing,  the  mouth  and  throat  should  be  brushed  Avitli 
glycerin  of  borax  or  a solution  of  boric  acid  in  glycerin.  If  the  patient 
be  capable  of  rinsing  the  mouth  himself,  a good  Avash  for  the  purpose  is 
one  of  liquor  potassse  3 drms.,  and  acid  carbol.  1|  drms.,  to  a pint  of 
Avater.  The  fetid  breath,  Avhich  often  marks  these  cases,  Avill  be  much 
lessened  by  these  measures.  For  painful  deglutition  painting  the  fauces 
Avith  a Aveak  solution  of  cocaine  before  the  feeds  has  been  recommended  ; 
in  about  five  or  ten  minutes  the  patient  Avill  be  able  to  SAvalloAv  comfort- 
ably. 

Local  applications  to  the  skin  are  useful  in  order  to  allay  the  excessiA  e 
irritation,  to  remove  the  pus  oozing  from  the  pustules,  to  lessen  the  smell. 
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to  accelerate  the  separation  of  the  crusts,  to  prevent  in  some  measure 
septic  absorption,  and  to  hasten  the  healing  of  the  ulceration,  thereby 
diminishing  pitting  and  disfigurement.  The  itching  and  irritation  are 
often  best  relieved  by  cold  moist  applications,  such  as  boric  lint,  very 
frequently  moistened  and  renewed  as  required.  I have  used  oils  and 
vaseline,  but  have  generally  found  that  they  increased  the  irritation  and 
sensation  of  heat,  especially  during  the  vesicular  and  earlier  pustular 
stages.  Antiseptic  dusting  powders,  such  as  creolin,  boracic,  winter- 
green,  and  the  like,  are  undoubtedly  useful  in  allaying  smell,  but  they 
have  the  disadvantage  of  favouring  the  formation  and  adhesion  of  crusts 
under  which  ulceration  of  the  skin  can  jtroceed  unchecked.  A cold-cream 
with  four  parts  of  salicylate  of  soda  to  one  hundred  of  cream  has  been 
found  to  allay  the  smell  in  the  suppurative  stages  (Dujardin-Beanmetz). 
Undiluted  tincture  of  iodine  has  been  employed  by  Welch  and  Schamberg 
as  a local  application.  It  is  painted  on  the  face  as  early  in  the  disease 
as  possible,  once  or  twice  daily,  and  may  be  diluted  to  one-half  the 
strength  if  the  skin  be  very  sensitive.  About  the  eighth  to  the  tenth  day 
a parchment-like  mask  is  formed,  which  begins  to  crack  and  peel  off. 
They  believe  that  the  application  of  iodine  tends  to  make  the  pustules 
shrink,  to  hasten  decrustation,  and  that  to  some  extent  it  lessens  pitting, 
and  that  the  liability  to  subsequent  pyogenetic  complications  of  the  skin 
appears  to  be  diminished. 

When  the  eruption  is  quite  confluent,  and  the  patient  tears  the 
epidermis  off  extensive  areas,  it  is  necessary  to  muffle  the  hands,  while 
the  oozing  cutis  should  be  covered  by  some  suitable  cold,  moist,  antiseptic 
dressing.  In  all  cases  in  which  the  eruption  is  copious  on  the  scalp  the 
hair  should  be  cropped  short  early  in  the  disease. 

The  early  separation  of  the  crusts  on  the  face  and  scalp  is  most 
desirable.  This  can  best  be  accomplished  by  the  application  of  linseed- 
meal  poidtices.  On  the  scalp  a fairly  thick  j^oultice,  with  iodoform  on 
its  surface,  may  be  applied  in  the  ordinary  manner ; on  the  face  the 
method  most  agreeable  to  the  patient  is  as  follows : Cut  a mask  of  a 
single  thickness  of  lint,  with  apertures  for  the  eyes,  nose,  and  mouth  ; 
smear  a thin  layer  of  linseed  poultice  on  this,  taking  care  to  put  on  the 
surface  a little  vaseline  in  which  iodoform  has  been  mixed  (greasy 
applications  do  not  at  this  stage  irritate  the  patient),  and  apply  it  to  the 
face,  changing  it  every  two  hours  at  least,  'i’he  crusts  may  be  removed 
more  rapidly  by  this  means  than  by  any  other.  It  is  important  that 
the  cru.sts  should  be  separated  from  the  face  as  soon  as  possible,  in  order 
that  suitable  antiseptic  dressings  may  be  applied  to  the  ulcerating  surfaces. 
To  the  arms,  leg.s,  and  other  parts,  boric,  weak  formalin,  or  other  moist 
anti.septic  dre.s.sing  should  be  applied.  The  importance  of  these  moist 
applications  in  the  inemstation  and  decrustation  stages  cannot  be  over- 
estimated. Tepid  or  warm  baths  one-half  to  one  hour  in  duration  may 
)<*;  given  daily,  with  the  view  of  facilitating  the  sej)aration  of  the  crusts 
and  cleansing  the  skin  of  the  trunk  and  limb.s. 

Ouririg  convalescence  from  severe  small-po.x  the  .skin  is  often  very 
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tender  cuid  rough  j consequently  the  friction  of  the  clothing  causes  much 
irritation  of  the  skin  and  discomfort.  Much  relief  is  obtained  by  rubbing 
the  skin  after  the  usual  bath  with  a powder,  such  as  pulv.  zinci  oxid. ; 
pulv.  amyli ; pulv.  acid,  boric ; two  parts  of  starch  and  one  of  the  other 
two  ingredients. 

The  ragged  verrticose  condition  of  the  skin  on  the  nose  occurring  in 
some  cases  may  be  lessened  by  paring  off  the  ragged  warty  excrescences. 

Multiple  supei’ficial  abscesses  should  be  opened  as  soon  as  they  arise ; 
those  on  the  scalp  by  crucial  incisions  : iodoform  poultices  or  warm 
antiseptic  dressings  are  then  to  be  applied.  Deep-seated  abscesses  should 
be  opened  as  soon  as  the  presence  of  pus  is  detected  Cellulitis,  if  exten- 
sive, must  be  incised  freely,  deeply,  and  early,  and  antiseptic  fomentations 
applied. 

For  laryngitis  a steam-tent  with  warm  inhalations  should  be  used. 
If  dyspnoea  be  great,  or  oedema  of  the  glottis  occur,  tracheotomy  or  intuba- 
tion should  be  performed.  The  great  swelling  of  the  neck  in  small-pox 
renders  the  performance  of  tracheotomy  somewhat  difficult,  and  much 
hemorrhage  may  take  place. 

Glossitis,  if  slight,  subsides  without  interference,  but  the  tongue  may 
be  painted  with  glycerin  of  tannic  acid,  and  application  of  ice  is  grateful ; 
but  if  the  swelling  be  very  great,  it  is  necessary  to  make  a free  incision 
about  half  an  inch  deep  and  about  two-thirds  of  an  inch  externally  to 
the  rajjhe. 

If  erysipelas  occur,  the  affected  part  should  be  enveloped  in  cotton- 
wool, or  painted  with  a paste  made  of  milk  and  a little  liq.  plumb,  sub- 
acetatis,  and  antistreptococcic  serum  may  be  injected. 

With  the  view  of  checking  the  pustulation  of  the  vesicles,  various 
drugs,  such  as  xylol,  thymol,  eucalyptus,  sulpho-carbolate  of  soda,  hypo- 
sulphite of  soda,  perchloride  of  mercury,  have  been  given  internally.  I 
have  not  found  that  any  arrest  of  pustulation  followed  the  use  of  such 
remedies ; not  only  did  they  appear  to  be  useless,  but  in  many  instances 
they  had  the  disadvantage  of  weakening  the  digestion  and  inducing 
vomiting. 

Opening  the  vesicles  with  or  without  cauterisation  has  been  resorted 
to  for  the  purpose  of  preventing  pitting,  but  the  method  is  painful,  and 
most  authorities  agree  that  no  appreciable  benefit  results. 

With  the  view  of  arresting  the  ^Ji’ogr^ss  of  vesicular  growth  and 
pustulation,  vaccination  has  been  recommended  after  the  appearance  of 
the  characteristic  eruption.  It  does  not  affect  the  jorogress  of  the  eruption 
in  the  slightest  degree. 

Eyes. — It  is  most  important  in  all  cases  in  Avhich  the  eyes  are  affected, 
eA'en  if  only  in  a slight  degree,  that  vaseline  should  be  applied  to  the 
edges  of  the  lids  frequently,  to  preA'ent  them  from  sticking  together; 
otherwise  discharge  is  pent  up,  and  much  injury  to  the  eye  ma}’  follow. 

Conjunctivitis  and  mild  ophthalmia  usually  yield  to  systematic  and 
regular  irrigation  with  boric  solution.  Should  the  ophthalmia  be  attended 
Avith  very  copious  purulent  discharge  and  much  sAvelling  of  the  con- 
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jnnctiva,  solid  stick  of  nitrate  of  silver  should  bo  applied  daily  till  the 
condition  begins  to  subside.  AVhen  there  is  very  great  chemosis  of  the 
conjunctiva,  Welch  and  Schamberg  recommend  that  it  bo  snipped,  and 
if  e.xtreme  chemosis  of  the  lids  cause  undue  pressure  on  the  eye,  that 
the  outer  canthus  bo  cut. 

AMien  keratitis  occurs  in  the  course  of  an  attack  of  ophthalmia,  the 
pupil  should  be  ■widely  dilated  by  atropine,  and  warm  boric  lotion  used 
to  irrisjate  the  eve.  Should  there  be  much  increase  of  intra-ocular  tension 
a {liiracentesis  should  be  performed,  and  be  rejreated  if  necessary.  In  cases 
of  keratitis,  without  any  conjunctival  injection  or  discharge,  in  which  the 
whole  cornea  threatens  rapidlj'  to  become  opaque,  the  pupil  must  be  fully 
dilated  with  atropine  twice  daily,  and  warm  fomentations,  made  with 
liquid  extract  of  opium  or  poppy  heads  in  rvater,  applied  to  the  eye  every 
five  minutes,  and  intermitted  for  one  quarter  in  every  hour,  till  moderate 
inflammatory  reaction  of  the  conjunctiva  is  set  up.  It  is  essential  that 
some  of  the  warm  fomentation  should  be  dropped  into  the  eye  each  time  it 
is  fomented.  After  some  inflammatory  action  of  the  conjunctiva  is  estab- 
lished, the  warm  fomentations  should  be  continued  every  hour  or  two 
hours,  the  eye  to  be  kept  clear  of  any  discharge  that  may  appear,  and 
later  recourse  may  be  had  to  irrigation  with  warm  boric  lotion.  Many 
cases  of  this  nature  do  badly,  the  whole  cornea  sloughing  and  the  eye 
becoming  disorganised ; only  a few  respond  to  treatment,  which  must  be 
commenced  as  soon  as  the  faintest  dulling  of  the  corneal  lustre  is  noticed, 
if  success  is  to  be  hoped  for. 

Small  ulcers  of  the  cornea  yield  to  treatment  vuth  an  ointment  com- 
posed of  hydrarg.  ox.  fla.v.  2 grns.,  atropine  4 gi’ns.,  vaseline  2 drms., 
applied  to  the  eye  twice  a day.  For  corneal  ulcer  coming  on  during  the 
coimse  of  an  ophthalmia,  Welch  and  Schamberg  recommend,  if  the  ulcera- 
tion be  central,  that  atropine  be  dropped  in  twice  or  thrice  daily.  But  if 
the  ulceration  be  marginal  a weak  solution  of  eserine  salicylate,  one- 
quarter  grain  to  an  ounce,  may  be  used,  birt  vuth  great  caution,  as  this 
drug  is  liable  to  increase  the  hyperaemia  of  the  iris,  \vith  consequent  iritis. 
When  the  pupil  is  contracted  the  use  of  the  drug  should  be  discontinued. 
When  perforation  of  the  cornea  is  threatened  they  recommend  that  the 
edges  of  the  ulcer  be  cauterised  with  a hot  probe.  During  the  whole 
course  of  treatment  the  eye  must  be  thoroughly  flushed  with  warm  boric 
solutions  every  hour,  or  more  often  if  necessary. 

The  drug  treatment  of  small-pox  is  restiicted  to  treating  symptoms  as 
they  an’se,  since  no  drug  has  yet  been  discovered  that  will  influence  the 
development,  or  arrest  the  pustulation,  of  the  ernption.  With  the  object 
of  mitigating  the  headache  of  the  initial  stage,  antipyrin  or  phenacctin 
may  be  given,  and  some  hypnotic,  such  as  trional  or  opium,  to  induce 
sleep.  Should  vomiting  be  troublesome  at  this  time  morphine  will  usually 
allay  it.  A mild  saline  mixture  may  be  given  during  the  earlier  period, 
followed  by  quinine,  in  two-  or  four-grain  doses  eveiy  six  hours,  when 
the  eruption  becomes  fully  vesicular.  Should  the  pulse  become  rajnd 
arifl  weak,  or  irregular,  during  pustulation  or  later,  cardiac  stimulants. 
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such  us  Strychnine,  digitalis,  and  adrenalin  chloride,  may  prove  beneficial 
For  bronchitis  expectorants  are  sometimes  useful.  During  recovery  from 
severe  attacks  attended  with  emaciation,  Easton’s  syrup,  iron,  quinine,  and 
in  some  cases  cod-liver  oil,  are  distinctly  beneficial. 

During  the  late  vesicular  and  the  pustular  stages  restlessness  and 
sleeplessness  are  often  marked.  To  render  the  patient  fairly  comfortable 
and  to  induce  sleep,  drugs  are  required.  In  my  experience  tincture  of 
opium  or  morphine  are  the  best ; not  only  do  they  bring  l est  and  sleep, 
but  a degree  of  comfort  otherwise  unobtainable. 

In  quieting  the  violent  delirium  of  small-pox,  opiates  are  indis- 
pensable, and  large  doses  are  frequently  necessary,  such  as  thirty  drops 
of  laudanum  or  half  a grain  of  morphine,  repeated  in  an  hour  or  two  if 
the  delirium  continues,  and  thereafter  as  required.  These  may  be  given 
by  the  mouth  or  hypodermically  ; in  the  more  violent  cases  I found  hypo- 
dermic injection  the  most  suitable.  In  many  patients  it  is  possible  to 
keep  the  delirium  under  control  by  these  measures,  but  in  some  haemor- 
rhagic vesicular  and  pustular  cases  it  is  impossible  to  control  it  completely. 
When  opiates  are  considered  inadvisable,  trional  or  other  hypnotic  may 
be  given.  In  some  cases  I haAm  found  that  two  or  three  ounces  of  brand)'' 
in  hot  water,  given  as  a draught  in  the  evening,  Avill  enable  the  patient 
to  rest  and  sleep  comfortably  during  the  night.  "While  many  patients 
object  to  ordinary  sleeping  draughts,  they  generally  take  brandy  readily. 

For  the  reduction  of  high  pyrexia  during  the  pustular  stage  antipyresis 
may,  in  some  cases,  be  deemed  advisable.  If  the  temperature  be  high 
and  long  continued,  antipyrin  or  phenacetin  in  10-  or  15-grain  doses  will 
in  many  cases  temporarily  reduce  the  j^yrexia.  Where  circumstances 
permit  a tepid  bath  90°  to  95°  F.,  given  and  repeated  as  required,  is 
useful,  and  will  moderate  the  pyrexia  and  add  to  the  patient’s  comfort. 
Continuous  tepid  baths  are  recommended  by  some,  Avho  assert  that  by 
their  use  not  only  is  the  pyrexia  reduced,  but  the  early  maceration  of 
the  pustules  is  effected,  the  formation  of  crusts  and  scabs  prevented,  and 
the  septic  absorption  through  the  skin  very  much  lessened.  Cold  baths 
are  not  often  administered,  but  if  it  be  considered  advisable  to  do  so  the 
temperature  of  the  bath  for  adults  should  be  80°  to  75°  F.,  reduced  while 
the  pivtient  is  in  the  bath  to  about  70°,  and  for  children  85°  F.,  reduced 
to  about,  but  not  below,  7 5°.  The  duration  of  the  immersion  shonld  be 
from  ten  to  tAventy  minutes,  as  the  condition  of  the  patient  may  indicate. 
In  most  cases  it  is  necessary  to  giA'e  a little  brandy  before  the  patient 
is  bathed. 

In  black  small -pox  attended  Avith  haemorrhage  from  the  mucous 
surfaces  I haA’e  administered  ergotin,  hazeline,  and  other  haemostatics 
with  the  vieAV  of  checking  it,  but  little  or  no  benefit  has  resulted. 

ConsiiiMtion  shmdd  be  relicAmd  by  agreeable  but  effective  aperients, 
aiided,  if  necessary,  by  suitable  enemas.  Diarrhoea,  Avhich  usuailly  occurs 
only  in  severe  cases,  nniy  often  be  checked  by  such  astringents  as  chalk 
and  catechu,  combined,  if  necessary,  Avith  opium. 

Red  light  treatment,  in  Avhich  the  actinic  or  chemical  rays  are 
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excluded,  has  been  advocated  and  used  by  Firisen  and  others  for  the 
prevention  of  suppuration  of  the  vesicles.  The  success  claimed  for  this 
method  has  not  been  confii-med  bj^  the  most  recent  observers.  Dr.  T.  F. 
Kicketts  tried  it  in  cases  carefully  selected,  partly  as  being  in  a very 
early  stage  of  the  disease,  and  partly  as  being  likely  to  develop  suppura- 
tion in  the  lesions.  He  states  that  in  no  instance  did  tlie  development 
of  the  eruption  and  the  progress  of  the  cases  differ  from  what  would  have 
been  expected  had  the  patients  been  treated  in  the  ordinary  rvay. 

Serum-therapy. — Vaccinal  serum,  obtained  from  immunised  heifers, 
has  been  used  by  Beclere,  Thomsoji  and  Brownlee,  and  others  in  the 
treatment  of  small-pox  with  the  view  of  arresting  the  pustulation  of  the 
vesicles.  The  dose  required  is  very  large,  equivalent  to  one-fiftieth  part 
of  the  body  weight  in  adults,  and  to  the  twentieth  part  in  children. 
Thus  a woman  weighing  70  kilograms  (155  lbs.)  received  over  1500  c.c. 
(52f  oz.)  beneath  the  skin  in  one  hour.  The  cases  treated  have  been 
too  few  to  afford  any  reliable  indication  as  to  the  vabre  of  this  treatment. 
Eoger  states  that  the  method  is  harmless,  and  the  injection  of  the  serum, 
even  in  large  amounts,  is  borne  perfectly  (vide  p.  756). 

We  may,  however,  hope  that  when  a highly  potent  vaccinal  serum 
is  available  it  will  be  possible,  by  its  use,  to  arrest  the  evolution  of  the 
lesion  of  natural  small-pox,  and  induce  an  abortive  jjustulation  in  the 
vesicles  similar  to  that  seen  in  the  vesicular  eruption  of  many  vaccinated 
small-pox  patients  about  the  third  or  fourth  day  of  eruption.  When  this 
is  achievecl,  natural  small-pox  will  be  robbed  of  its  terrors. 

The  prevention  of  small-pox  is  most  efficiently  ensured  by  vaccination 
and  re^'accination,  and  the  prompt  isolation  of  the  sick.  Should  small-pox 
break  out  in  a family  all  “ contacts  ” should  be  revaccinated  at  once.  If 
revaccination  be  performed  vdthin  three  days  of  reception  of  infection, 
and  if  it  be  .successful,  none  of  those  exposed  to  infection  will  develop 
small-pox ; if  done  later  it  may  or  may  not  modify  the  attack  should 
small-pox  develop. 

John  MacCombie. 
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TYPHUS  FEVER 

By  Sir  John  "W.  Moore,  51. D.,  D.Sc.  (Hon.),  F.R.C.P.I. 

Synonyms. — Spotted  Fever,  Maculated  or  Petechial  Typhus ; Germ.  Flech- 
jieher,  Flechiyphus,  Exanthematischer  Typhus ; French,  Typhus  exanth^- 
■matique ; Ital.  Dermo-tifo,  Typho  esantematico ; Spani-sh,  Tifus,  “ El 
Tabardillo  ” or  “ Tabardiylio  ” (from  tabardo,  a cloak  of  dark  cloth  worn 
by  the  peasantry  in  Spain) ; Dutch,  Vlekkoorts,  Kivaadardiyekoorfs 
(i.e.  malignant  fever) ; Swedish,  Flacktyfus ; Norwegian  or  Danish, 
Nervefeber,  Exantematisk  Tyfus. 

Typhus  Fever  is  an  acute,  specific,  highly  infectious  disease  which 
prevails  in  epidemics ; particularly  in  times  of  destitution  and  in  the 
presence  of  overcrowding  with  deficient  ventilation.  It  is  characterised 
by  a sudden  onset  with  marked  nervous  sj^mptoms,  nanieh'^,  rheumatoid 
pains,  rigors,  and  headache.  A peculiar  measly  or  rubeoloicl  rash  ajipears 
most  commonly  on  the  fifth  day  of  the  disease.  This  consists  of  slightly 
elevated  spots  of  varying  size  and  shape,  at  first  deleble  on  pressure 
(maadoi),  afterwards  persistent  and  darker  {petechiat).  This  rash  is 
commonly  present,  except  in  young  children ; but  its  presence  must  not 
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be  considered  essential  to  the  diagnosis  of  t}’phns.  It  results  rather  from 
dissolution  of  the  blood  or  from  bacterial  thrombosis  than  from  dermatitis. 
There  is  early  and  usually  extreme  prostration  both  of  the  nervous  system 
{ataxia)  and  of  the  muscular  system  {adynamia). 

In  the  second  Aveek  of  the  fever  delirium  is  commonly  present, 
sometimes  of  an  acute  and  noisy  type  (delirium  ferox),  accompanied,  it 
may  be,  by  much  muscidar  agitation  and  restlessness  (delirium  tremens), 
but  oftener  of  a Ioav,  listless,  muttering  kind  with  somnolence  (typho- 
mania  of  Galen).  In  this  case  there  is  a tendency  to  stupor  or  coma. 

The  fever  terminates  l)y  a crisis,  rvhich  generally  happens  on  or  about 
the  fourteenth  day,  and  takes  the  form  of  a deep  and  prolonged  sleep,  a 
diuresis  with  deposits  of  urates  in  the  urine,  a moderate  diarrhoea,  or 
slight  diaphoresis  Avith  quickly  reviving  intelligence.  Profuse  clammy 
sweating  at  the  time  of  crisis  is  universally  and  justly  regarded  as  a most 
unfavorable  sign.  Its  occurrence  is  associated  Avith  extreme  nervous 
prostration ; a condition  which  constitutes  the  so-called  “ typhoid  ” or 
“ ataxic  ” state. 

Diming  the  feA-er  the  mucous  membranes  are  generally  the  seat  of  a 
passive  catan-h ; and  as  the  bronchial  tract  is  the  most  affected,  the 
disease  used  to  be  called  “ catatrhal  typhus”  in  Ireland,  Avhile  Eokitansky 
named  it  “ hrmchotyplius  ” or  pneumotyphus.” 

In  fatal  cases  no  specific  lesion  is  foimd  beyond  a wide.spread  con- 
gestion and  “ dissolution  of  the  blood,”  as  Avell  as  a granular  degeneration 
and  cloudy  SAvelling  of  the  nerves,  muscles,  and  great  -viscera.  None  of 
these  lesions,  hoAvever,  is  of  constant  occurrence  or  peculiar  to  typhus. 

The  Greek  term  rvffios  {smoke,  mist,  fog)  AA^as  employed  by  Hippocrates 
to  define  a confused  state  of  the  intellect,  Avith  a tendency  to  stupor 
{stupor  attonitus) ; and  in  this  sense  it  is  aptly  applied  to  typhus  fever  Avith 
its  slow  cerebration  and  drowsy  stupor.  Boissier  de  SauA^ages  first  (in 
1760)  called  this  feA’-er  “typhus,”  and  the  name  AAms  adopted  by  Cullen 
of  Edinburgh  in  1769.  Previous  to  the  time  of  de  Sauvages  typhus  Avas 
known  as  “Pestilential”  or  “Putrid  Pever,”  or  by  some  name  suggested 
by  the  eruption,  or  exiAressiAm  of  the  locality  in  Avhich  it  appeared,  as 
“ Camp,”  “ Jail,”  “ Hospital,”  or  “ Ship  Fever  ” (Murchison). 

Etiology. — Typhus  is  mostly  a disease  of  the  temperate  and  cold 
zones,  a result  Avhich  is  in  great  measure  due  to  the  mode  of  living 
adopted  by'  people  resident  in  cold  climates.  They  congi-egate  in  badly' 
ventilated  houses  rather  than  live  an  open-air  life.  This  fcA'er  has  from 
time  to  time  preA'ailed  in  all  parts  of  Europe,  but  it  has  had  its  peculiar 
habitats  in  Great  Britain  and  Ireland,  and  in  Rmssia.  In  the  United 
States  and  British  North  America  it  has  prevailed  epidemically  at  A'arious 
times  since  1807,  Avhen  it  made  its  first  appearance  in  the  NeAv  England 
States.  In  Philadelphia  it  broke  out  in  1812,  continuing  to  shcAv  itself 
sporadically  until  18.36  (H.  Amory  Hare).  It  is  hardly  kiioAvn  in 
Australia,  Ncav  Zealand,  India,  Africa,  or  in  the  tropical  and  subtropical 
jiai-ts  of  North  and  South  Americii.  The  Irish  race  has  been  especially' 
prone  to  the  disease,  probably  from  the  habits  and  comparative  poverty 
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of  that  people.  “ The  history  of  typhus,”  Hirsch  observed,  “ is  written 
in  those  dark  pages  of  the  world’s  story  which  tell  of  the  grievous 
visitations  of  mankind  wai',  famine,  and  misery  of  every  kind.”  He 
added,  “The  idea  that  overcrowding  in  filthy  and  unventilated  rooms 
affbi’ds  the  essential  condition  for  the  development  of  typhus-foci  and  for 
the  spread  of  the  disease  has  been  completely  borne  out  by  the  experi- 
ence of  all  times.”  Epidemics  .of  typhus  arc  yearly  becoming  more  and 
more  rare.  The  most  recently  recorded  British  outbreak  is  one  which 
occurred  in  Sheffield  in  1890,  and  was  described  by  Dr.  Theodore 
Thomson,  Inspector  of  the  Local  Government  Board  (England). 

In  practically  all  cases  typhus  arises  from  the  reception  into  the 
system  of  a specific  poison.  Of  the  intimate  nature  of  this  poison  we  are 
still  ignorant,  although  analogy  points  to  some  micro-organism  or  its  pro- 
ducts as  the  cmim  causans  of  the  disease.  Hlava  (1891)  and  Lewaschew 
(1892)  are  among  the  most  recent  writers  on  the  bacteriology  of  typhus. 
In  1894,  Kelsch  suggested  the  hjqoothesis  that  the  cause  of  typhus  is  a 
micro-organism  which  is  usually  innocuous,  but  becomes  pathogenetic 
under  special  conditions  of  environment.  Nothing  definite,  hoM’ever,  has 
as  yet  resulted  from  their  researches  or  those  of  other  investigators. 

The  materies  morhi  is  cast  off  in  the  breath,  from  the  skin,  possibly  in 
the  evacuations  also.  It  is  then  conveyed  through  close  air,  or  by 
fomites,  and,  inhaled  or  swallowed,  finds  its  way  into  the  blood  of  fresh 
victims.  There  is  no  evidence  that  the  poison  of  typhus  is  transmitted 
through  liquid  media.  It  is  certainly  not  carried  by  water,  nor  does  it 
beai'  any  relation  to  the  soil.  Actual  contact  with  the  sick  is  not  essential 
for  the  transmission  of  typhus ; yet  the  striking-distance  of  this  fever  is 
not  great.  Unlike  the  contagia  of  small-pox  and  scarlatina,  the  poison  of 
typhus  does  not  cross  open-air  spaces ; it  is  readily  neutralised,  probably 
by  oxidation,  on  coming  into  contact  with  fresh  air.  It  is  quickly 
absorbed  by  articles  of  clothing,  bedding,  furniture,  and  beams  of  wood ; 
particularly  by  dark-coloured  rather  than  by  light-coloured  woollen  articles 
of  dress.  Such  carriers  of  infection  are  technically  called  “ fomites  ” 
(Lat.  fames,  fomifis,  touch-wood,  tinder).  Typhus  is  non-inoculable,  but 
eminently  infectious  or  “ catching.”  There  is  no  evidence  that  it  is 
communicable  to  the  lower  animals.  One  attack  generally  confers  im- 
munity from  a second.  The  disease  is  infectious  or  “catching”  in  all  its 
stages,  proliably  most  so  during  the  period  of  defervescence  and  in  early 
convalescence — that  is,  when  the  patients  are  desquamating.  Answering 
the  question,  “ At  what  period  of  the  disease  is  the  danger  of  infection 
greatest?”  Curschmann  says,  “Undoubtedly  at  the  beginning  and  at  the 
height  of  the  febrile  stage.”  He  regai’ds  infection  as  possible  during  the 
period  of  incubation,  and  as  absolutely  certain  during  the  initial  stage 
(invasion).  In  support  of  the  former  of  these  two  statements,  he  recalls  an 
instructive  case  which  he  saw  when  a student.  One  of  his  fellow-students 
liecame  infected  as  the  result  of  spending  an  hour  in  a typhus  fever  patient  s 
room,  at  a time  when  the  patient  had  as  }^et  no  fever,  and  complained 
only  of  slight  general  malaise,  depression,  and  paiii  in  the  head  and  back. 
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Even  the  bodies  of  those  deail  of  ty})hus  may,  under  certain  conditions, 
transmit  the  disease.  Its  poison  is  very  volatile  and  lighter  than  atmo- 
si)heric  air.  There  is  strong  presumptive  evidence  that  dry  heat 
(9G"  C.  = 204’S’  F.)  is  a powerful  disinfectant  agent  in  the  preventive 
treatment. 

C'urschmann  considers  it  is  probable  that  the  contagium  continues  to 
reproduce  itself  in  the  immediate  surroundings  of  the  patient  for  some 
time  before  and  after,  as  well  as  during,  the  febrile  period.  He  thinks 
that  this  contagium  undoubtedly  attaches  itself  to  the  dust  in  the  atmo- 
sphere, and  is  very  easily  transferred  to  inanimate  articles  handled  by,  or 
close  to,  the  patient,  such  as  clothing,  underwear,  bedclothes,  curtains, 
carpets,  upholstered  furniture,  and  in  fact,  all  objects  with  a rough 
woolly  surface.  If  such  objects  are  protected  against  contact  with  air, 
particularly  air  in  motion,  the  contagium  clinging  to  them  may  maintain 
its  vitality  for  many  months,  and  the  disease  may  thus  be  carriecl  to  distant 
localities,  where  it  was  not  prevalent  at  the  time,  and  where  it  is  not 
endemic.  For  example,  in  Hamburg  a furrier  rvas  attacked  by  tyjjhus 
ten  days  after  he  had  received  a consignment  of  furs  from  an  infected 
district  in  Poland.  He  had  not  been  absent  from  home  for  months,  and 
had  not  come  into  contact  with  any  one  suffering  from  the  disease,  rvhile 
more  than  a year  had  elapsed  since  the  last  sporadic  case  of  tjqjhus  fever 
had  occurred  in  Hambimg.  The  disease  Avas  traced  to  the  infected  articles 
before  they  had  been  put  on  the  market.  They  Avere  immediately  dis- 
infected, and  there  Avas  no  further  spread  of  the  disease. 

The  doctrine  of  the  dc-  novo  or  spontaneous'  generation  of  typhus  is 
opposed  to  all  analogy,  so  far  as  the  specific  fevers  are  concerned ; 
indeed  it  is  beset  with  greater  difficulties  than  those  Avhich  it  is  designed 
to  explain.  Further,  it  is  unnecessary  if  Ave  assume  the  microbic  origin 
of  this  fcA'er,  and  remember  hoAv  great  is  the  vitality  of  the  contagium, 
if  only  it  is  prevented  from  coming  into  contact  Avith  fresh  air.  It  must, 
hoAvever,  be  admitted  that  noAv  and  again  a case  of  typhus  occurs  in 
Avhich  it  is  impossible  to  trace  the  infection.  A striking  example  is 
reported  by  Surgeon-General  E.  H.  Quill,  E.A.M.C. 

The  hacteriologij  of  tyiDhus  fever  is  still  imperfect.  Eesearches  on 
the  subject  have  been  in  progress  since  1868,  Avhen  E.  Hallier,  of  Jena, 
announced  his  discovery  of  a typhus  fimgus  {Rhizoporus).  In  1883 
I)r.  !Mott  described  actively  motile  dumb-bell  cocci  in  the  blood  of  typhus. 
In  1891  IIlaA'a  of  Prague  found  in  the  blood  in  tAventy  out  of  thirty- 
three  fatal  cases  of  typhus  a peculiar,  Avell-defined  bacterium,  to  Avhich 
he  gave  the  name  of  Streptohacillus,  and  Avhich  he  regards  as  the  cause  of 
the  fever.  LeAvaschew,  in  1892,  described  organisms  Avhich  he  had  found 
in  the  blood  of  the  spleen  or  finger  of  typhus  patients,  and  Avhich  he  re- 
garded as  a cause  of  the  disease.  In  fresh  blood  these  organisms  appear 
as  small,  round,  highly-refractive,  actively  moA'ing  bodies,  lying  between 
the  coq)U.scle.s.  Sometimes  the  oiganism  is  oval  in  shape  and  flagellate, 
or  it  may  aj»pcar  as  a thread  slightly  enlarged  at  one  end.  These  are 
probably  different  forms  of  the  same  microbe.  Lastly,  Ifubielf  and 
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Bruhl  (1893)  found  in  the  blood  and  spleen  a diplococcus,  called  by 
them  Diplococcus  exantheniaticus. 

An  individual  is  rendered  more  susceptible  to  the  influence  of  the 
primary  exciting  cause  of  typhus  by  certain  accidental  circumstances,  them- 
selves insufficient  to  generate  the  fever,  to  which  the  term  “ predisposing 
causes  ” is  applied.  Tlie  chief  predisposing  causes  of  t^'phus  are,  in  the  order 
of  their  etiological  importance,  destitution  and  defective  nutrition,  over- 
crowding, bad  ventilation.  In  addition  to  these,  the  prevalence  of  typhus 
is  more  or  less  favoimed  by  the  winter  season,  intemperance,  recent  resi- 
dence in  an  infected  locality,  previous  illnesses,  bodily  fatigue  and  pain, 
loss  of  sleep,  mental  anxiety,  and  depressing  emotion  such  as  sorrow,  fear, 
disappointment,  and  worry.  In  the  presence  of  a group  of  these  factors  a 
small  and  hitherto  inert  dose  of  the  fever-poison  may  kindle  a serious 
attack  of  typhus  in  such  a way  as  to  suggest  that  the  fever  has  arisen 
spontaneously  or  de  novo. 

Morbid  Anatomy. — Cadaveric  rigidity  is  of  short  duration,  and 
putrefaction  takes  place  rapidly.  Emaciation  is  sometimes  considerable, 
though  much  less  than  in  enteric  fever,  owing  to  the  shorter  course  of 
tyjDhus  and  to  the  absence  of  intestinal  lesions.  Widespread  congestion 
(passive  hypersemia)  is  the  most  constant  and  noticeable  post-mortem 
appearance.  The  petechise  persist  after  death,  and  the  blood  in 
general  is  profoundly  altered,  being  feebly  coagulable,  often  staining 
the  endocardium  and  the  intima  vasorum.  Examined  under  the 
microscope  rouleaux  are  absent,  and  the  red  blood  - corpuscles  are 
crenated  and  misshapen.  Oligocythiemia  and  leucocytosis  are  usually 
observed — the  latter  condition  affording  a diagnostic  from  enteric  fever 
(Combemale).  The  muscular  tissue  of  the  heart  is  softened  and  friable. 
It  is  the  seat  of  cloudy  swelling  and  granular  fatty  degeneration.  In  the 
respiratory  system  there  are  traces  of  a widespread  catarrhal  inflamma- 
tion of  the  air-passages  and  of  hypostatic  consolidations  in  the  lungs. 
Curschmann  has  seen  fiAm  cases  of  pulmonary  gangrene  in  typhus,  all  due 
to  aspiration  of  putrid  matters  in  perichondritis  of  the  larynx.  Xo 
evidence  of  acute  inflammation  of  the  brain  or  its  membranes  is  forth- 
coming as  a rule  to  account  for  the  cerebral  symptoms.  The  kidneys 
are  not  uncommonly  hypersemic  and  enlarged,  while  the  tubes  are  stuffed 
with  granular  epithelium.  Notwithstanding  the  more  or  less  frecpient 
occurrence  of  the  foregoing  pathological  changes,  Ave  may  conclude  Avith 
INIurchison  that  “ there  is  no  obvious  lesion  constant  in  or  peculiar  to 
typhus.” 

Clinical  Description. — In  typhus  fever  there  seems  to  be  no  fixed 
duration  for  the  period  of  incubation  or  the  latent  stage.  In  a large 
number  of  cases  it  is  about  tAvelve  days  ; it  rarely,  if  ever,  exceeds  three 
Aveeks.  In  many  instances  (one-third  or  more)  it  is  less  than  tweh'e  days, 
and  occasionally  there  is  scarcely  any  latent  period,  the  symptoms  com- 
mencing almost  at  the  instant  of  exposure  to  the  poison.  Frequently 
the  patients  are  conscious  of  the  moment  at  Avhich  the  fever-poison  enters 
the  system.  One  or  tAvo  days  of  slight  indisposition,  sheAvn  by  lassitude. 
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vertigo,  slight  headache,  and  loss  of  appetite,  may  precede  the  actual  onset 
of  typhus,  which  is  sudden.  The  earliest  symptoms  are  referable  to  the 
nervous  system ; they  are  chilliness  or  slight  rigors,  languor,  frontal 
headache,  pains  in  the  back  and  limbs,  especially  the  thighs.  Giddiness, 
noises  in  the  ears  {{innitiis  uurium),  and  disturbed  sleep  or  sleeplessness 
are  commonly  present.  If  sleep  occur  it  is  haunted  by  dreams,  and  the 
p;itient  rambles  in  his  sleep.  A sense  of  complete  exhaustion  quickly 
overwhelms  the  suH'erer,  so  that  by  the  third  day  he  is  fain  to  take  to 
his  bed.  In  this,  the  stage  of  invasion,  other  sym])toms  are  loss  of  appetite, 
constipation,  sometimes  nausea  without  vomiting,  coated  tongue,  quick 
pulse,  flushed  and  dusky  face.  The  expression  at  first  betokens  weariness, 
but  soon  becomes  dull,  heavy,  and  listless.  Afterwards  the  aspect  becomes 
vacant  and  bewildered,  sometimes  wild  and  defiant.  The  face  is  flushed, 
with  a dusky,  earthy,  or  leaden  hue.  Such  is  the  facies  typhosa. 

The  stage  of  nervous  excitement — also  called  the  eruptive  stage — 
follows.  It  commonly  extends  from  the  appearance  of  the  rash  on  the 
fourth  or  fifth  day  until  the  commencement  of  somnolence  or  stupor.  Its 
leading  features  are  restlessness,  wakefulness,  and  delirium.  During  this 
stage  headache  gives  place  to  raving,  and  the  tongue  grows  dry  and 
brown ; sordes  collect  on  the  lips,  teeth,  and  gums,  and,  becoming  black 
from  desiccation,  have  a heavy,  offensive  smell.  The  presence  of  abundant 
deposits  of  sordes  is  so  far  a proof  of  a severe  attack  and  of  seriously 
impaired  vital  j)owers. 

The  rash,  or  exanthem,  of  typhus  in  its  earlier  stage  often  closely 
resembles  that  of  measles  j hence  the  terms  “ morbilliform,”  “ I'ubeoloid,” 
and  “measly”  are  often  applied  to  it.  It  consists  of  spots  or  maculse  of 
very  irregular  size  and  outline,  and  of  a dirty  pink  or  florid  colour. 
These  appear  first  near  the  armpits  and  on  the  Avrists,  then  on  the  sides  of 
the  abdomen,  afterwards  on  the  chest,  back,  shoulders,  thighs,  and  arms. 
They  are  rarely  seen  on  the  face  and  neck.  At  first,  and  particularly 
in  mild  cases,  these  maculaj  are  slightly  elevated  and  deleble  on  pressure, 
like  the  velvety  papules  of  measles.  They  have,  however,  no  defined 
margin,  but  merge  insensibly  into  the  colour  of  the  surrounding  skin. 
Beneath  the  cuticle  another  crop  of  maculie  often  appears,  causing  a 
characteristic  marbling  or  mottling  of  the  skin,  hence  the  expression 
“subcuticular  mottling.”  The  superficial  spots  and  the  deeper  mottling 
together  constitute  an  eruption,  to  Avhich  Sir  William  Jenner  gave  the 
name  of  the  “ mulberry  rash  ” of  typhus. 

Towards  the  close  of  the  first  week  headache  commonly  gives  place 
to  delirium  or  raving,  which  may  last  up  to  the  time  of  the  crisis.  The 
delirium  is  sometimes  acute  and  noisy  like  mania  {delirium  ferox) ; some- 
times more  like  that  of  excessive  alcoholism,  being  accompanied  by 
muscular  agitation,  trembling,  and  talkativeness  {delirium  tremens) ; and 
.sometimes  of  a low  muttering  kind  (the  typhomania  of  Galen).  The 
nervous  excitement  is  most  marked  towards  evening  and  at  night. 
Prostration  takes  its  place  in  the  morning. 

About  the  tenth  day  the  stage  of  nervous  prostration  succeeds  that 
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of  nervous  excitement.  It  is  also  called  the  “ putrid,”  “ malignant,”  or 
“typhoid”  (“ataxic”)  stage,  or  the  “later  eruptive  stage.”  This  is  a 
most  critical  period  in  typhus,  and  when  its  ominous  symptoms  are  well 
marked  the  patient’s  life  hangs  trembling  in  the  balance.  Extreme 
nervous  prostration  (ataxia),  muscular  and  cardiac  weakness  (adynamia), 
defective  cerebration,  low  muttering  delirium,  stupor  and  unconsciousness 
deepening  into  coma,  are  the  phenomena  which  shew  themselves  in 
“ ataxo-adynamic  typhus,”  as  this  grave  form  of  the  fever  is  called.  The 
patient  lies  on  his  back  and  sinks  down  in  the  bed  (prostrate  dorsid 
decubitus),  he  moans  and  mumbles  to  himself  incoherently,  is  indifferent 
to  all  that  goes  on  around  him,  looks  stupid  and  unconscious,  with 
injected  ferret-like  eyes,  contracted  pupils  (the  “pinhole  pupil”  of 
Graves),  teeth  coated  with  sordes,  and  dry,  brown-crusted,  shrivelled 
tongue — the  “ parrot-tongue  ” of  typhus.  Deafness  is  also  a common 
symptom.  Various  involuntary  movements  take  place,  such  as 

tremors,  twitchings  of  the  muscles  {subsultus  tendinum),  spasmodic 
twitchings  of  the  face,  perhaps  choreic  convulsions,  or  more  usual!}" 
picking  at  or  fumbling  Avith  the  bed-clothes — the  so-called  “ floccitatio  ” 
or  “ carphology.”  Obstinate  hiccough  (singultus)  often  accompanies  these 
moveinents,  and  is  a very  grave  sign.  Not  uncommonly,  also,  in- 
voluntary evacuations  take  place  from  paresis  of  the  sphincters  of  the 
rectum  and  bladder.  The  pulse  is  rapid  (112-145),  small  and  soft;  the 
respirations  are  shallow,  frequent  (40-48),  blowing  and  noisy — the 
“ cerebral  breathing  ” of  Sir  Dominic  Corrigan. 

Simultaneously  Avith  the  onset  of  these  unfavourable  symptoms  the 
eruption  changes  in  character,  becoming  darker  in  colour  and  quite 
indelible  on  pressure.  The  spots  are  no  longer  elevated,  and  in  the 
centres  of  many  of  them  dark  purple  or  bluish  points  appear, — the  true 
‘^petechia’,”  Avhich  Murchison  defines  as  consisting  of  an  infiltration  of 
dissolved  heematin  into  the  tissue  of  the  cutis.  The  peculiarity  of  typhus, 
so  far  as  the  rash  is  concerned,  is  that  the  eruption,  in  its  earlier  stage, 
is  a true  exauthem  due  to  hypermmia,  or,  it  may  be,  congestion  of  the 
cutaneous  capillaries,  the  outcome  of  “ ataxic  angio-neurosis  ” (Unna,  24), 
Avhereas  in  its  later  stages  an  escape  of  blood-pigment  into  the  cutis 
from  the  broken-up  red  blood-corpuscles  is  substituted  for  this  hyperaimia 
or  congestion.  The  maculae  are,  in  a Avord,  converted  into  petechiae. 
Unna,  hoAvever,  maintains  (25)  that  the  doctrine  of  “blood-dissolution” 
in  infective  diseases  is  obsolete,  and  Avith  Klebs  connects  the  cutaneous 
hiemorrhages  of  these  diseases  Avith  blocking  of  tlie  vessels  ot  the  skin  by 
bacteria.  The  infective  forms  of  purpura  are,  according  to  him,  most 
simply  exjilained  in  this  Avay  ; and  he  thinks  that  bacterial  coagulation- 
thrombi  Avill  probably  in  future  play  an  important  part.  Applying  this 
view  to  typhus,  the  petecliise  Avould  be  the  result  of  a diapedesis  de- 
pending in  its  turn  on  clotting  of  plasma  and  consecutive  stagnation 
round  bacterial  emboli. 

The  earlier  and  more  marked  the  “typhoid  state”  just  described,^ the 
more  severe  the  case.  The  older  Avriters  spoke  of  it  as  the  putiid  oi 
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“ nialigiuint  stage.”  It  is,  however,  by  no  means  peculiar  to  typhus,  for 
it  may  supervene  in  small-pox  or  scarlatina,  and  indeed  in  any  idiopathic 
fever,  blood-poisoning,  or  local  inflammation. 

In  such  a dire  strait  the  patient  may  lie  for  many  hours,  or  several 
days,  until  the  stupor  passes  into  profound  and  fatal  coma,  the  “coma- 
vigil”  of  Sir  William  Jenner.  In  this  most  deadly  trance  the  sufferer 
lies  with  his  eyes  wide  open,  with  a vacant  gaze  and  widely  dilated  pupils 
insensible  to  light,  his  lips  parted,  his  face  pallid  and  devoid  of  all 
expression,  the  pulse  rapid  and  feeble  or  imperceptible,  the  breathing 
hardly  to  be  detected,  the  skin  cold  and  clammy  or  bathed  in  sweat. 
Although  awake  the  patient  is  insen.sible,  and  surely  dies.  In  other  cases 
sudden  engorgement  of  the  lungs,  with  asphyxia,  supervenes,  or  the  heart 
fails,  with  coldness  and  lividity  of  the  surface,  and  profuse  sweating  ; death 
ensues  from  syncope  and  coma  combined.  Or  again  some  fatal  complica- 
tion may  seize  and  carry  off  its  victim — a widespread  bronchial  effusion, 
it  may  be ; or  the  so-called  hypostatic  congestion  of  the  lungs,  or 
laryngitis,  or  inflammation  or  degeneration  of  the  kidneys  with  uraemic 
convulsions,  or  gangrene  in  its  varied  forms  of  bed-sore,  spontaneous 
gangrene  from  arterial  thrombosis,  and  noma  or  cancrum  oris  (gangrenous 
stomatitis). 

Happily,  such  is  not  always  or  even  frecpiently  the  end  of  an  attack 
of  typhus.  Usually  on  or  about  the  fourteenth  day  there  is  a more  or 
less  sudden  and  rapid  improvement  in  the  patient’s  condition,  and  the 
sfaye  of  dfifei~vescence  or  crisis  ensues.  At  the  time  named  the  patient 
falls  into  a C|uiet  and  prolonged  sleep,  from  which  he  awakes,  it  may  be, 
at  first  bcAvildered  and  confused.  Soon,  however,  he  recognises  those 
around  him,  and  for  the  first  time  is  conscious  of  his  profound  weakness. 
The  pulse  beats  less  cpiickly  and  the  temperature  falls,  the  tongue  becomes 
moist  and  clean  at  the  edges,  the  skin  is  moist  or  the  boAvels  are  relaxed, 
or  the  urine  deposits  urates  in  abundance  and  is  copiously  secreted.  In 
few  acute  diseases  is  crisis  so  marked  as  in  typhus,  and  in  uncom- 
plicated cases  the  final  defervescence,  as  recorded  by  the  thermometer,  is, 
to  adopt  Wunderlich’s  expressive  phrase,  usually  “ precipitous.” 

Once  the  temperature  falls,  restoration  to  health,  or  the  stage  of  con- 
ralescence,  goes  on  apace.  The  tongue  cleans  and  is  moist,  the  appetite 
m.'iy  become  ravenous  (bulimia).  Meanwhile  the  bodily  powers  improve 
day  by  day,  so  that  in  three  or  four  weeks  health  and  strength  may  be 
fully  restored.  Typhus  but  rarely  lays  the  foundation  of  any  permanent 
organic  disease. 

The  mean  duration  of  500  uncomplicated  cases  ending  in  recovery 
was,  according  to  Murchison,  13‘4.3  days.  That  of  100  fatal  cases  was 
14 ’6  «lays.  When  life  was  prolonged  beyond  twenty  days  the  fatal 
result,  in  the  same  author’s  experience,  was  due  to  some  complication. 
T.  J.  Maclagan  investigated  581  uncomplicated  cases  which  recovered 
in  the  Dundee  Royal  Infirmary,  and  found  their  mean  duration  to  be 
13'39  days — a value  which  is  j)ractically  identical  with  Murchison’s 
estimate.  Although  the  duration  of  typhus  is  thus  about  fourteen  days, 
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tliis  fever  nitiy  nin  a much  shoi’tei'  course.  Malignant  cases  may 
terminate  fatally  on  the  second  or  third  day,  or  even  in  a few  houns.  To 
sueh  cases  the  name  of  blasting  ty2')hus  or  typhus  siderans  has  been  given. 
This  terrible  form  is  apt  to  prevail  in  times  of  war  and  destitution. 

In  ordinary  times,  however,  cases  of  short  duration — particularly 
among  diildreti — are  not  uncommon  and  are  usually  mild.  Some  of 
these  patients  shew  but  little,  rash,  though  Murchison  gives  details  of 
cases  with  eruption  which  terminated  on  the  tenth  or  even  as  early  as 
the  eighth  day. 

Relapses  are  extremely  i-ai'e  in  typhus.  Not  a single  case  of  true 
relapse  was  ever  seen  by  Sir  William  Jenner,  A.  P.  Stewart,  or  Murchison. 
Out  of  18,268  cases  of  typhus  reported  at  the  London  Fever  Hospital 
during  twenty- three  years,  only  one  example  of  a true  relapse  was 
observed  (by  the  late  Sir  George  Buchanan) ; in  several  instances,  how- 
ever, a genuine  has  been  preceded  by  an  abortive  attack.  Buchanan’s 
case  was  that  of  a nurse  in  the  hospital,  aged  42,  who  passed  through  an 
attack  of  typhus  lasting  two  weeks.  After  a week’s  interval  a relapse 
took  place,  with  a recurrence  of  the  rash,  lasting  upwards  of  a fortnight. 
A very  similar  case  was  recorded  by  W.  Ebstein  in  1869.  In  this  in- 
stance ail  interval  of  twenty-five  days  occurred  between  the  two  attacks. 
Curschmann,  commenting  on  the  extreme  rarity  of  relapses  in  typhus, 
reports  two  instances  of  what  he  believes  were  undoubted  examples  of 
relapse,  adding,  that  he  looks  on  the  eases  as  anomalous,  because  both 
occurred  in  1878  among  a very  small  number  of  patients  in  the  Moabit 
Hospital,  Berlin,  while  in  1879  his  colleagues  and  he  failed  to  observe 
anything  in  the  least  resembling  a relapse  or  a recurrence.  The  first  case 
reported  by  Curschmann  wa«  that  of  a labourer,  aged  26,  whose  fever 
terminated  by  lysis  between  the  eleventh  and  seventeenth  days.  On  the 
twenty-sixth  day  the  temperature  rose  again,  the  spleen  became  enlarged, 
and  on  the  day  of  the  “ relapse  ” there  was  a distinct,  though  scanty, 
eruption  of  rose-spots  on  the  abdomen  and  chest,  with  a few  spots  on  the 
extremities,  the  rose-spots  “later  in  part  undergoing  a petechial  trans- 
formation.” This  was  in  187 9.  We  have  a shrewd  suspicion  that  Widal’s 
test  would  have  given  a positive  result  had  it  been  then  practised.  The 
second  example  of  “ relapse  ” in  typhus  is  equally  inconclusive. 

Temperature. — No  clinical  description  of  typhus  would  be  complete 
without  an  account  of  the  behaviour  of  the  temperature  in  the  disease. 

A sudden  rise  of  the  thermometer  takes  place  at  the  outset,  culminating 
in  a fastigium  or  acme  of  103°  to  105°  F.,  at  some  time  between  the 
evening  of  the  fourth  day  and  the  seventh  day,  or  later.  Except  in 
severe  cases,  this  is  followed  by  a more  or  less  pronounced  remission  of 
fever  or  pseudo-crisis  early  in  the  second  week,  generally  between  the 
seventh  and  tenth  days.  In  mild  cases  this  fall  of  temperature  at  the 
beginning  of  the  seeond  week  may  prove  complete  and  final,  a true  crisis 
cutting  the  fever  short  (“typhus  levissimus,”  or  “ mild  typhus ”).  On 
the  other  hand,  in  grave  cases  a gradually  rising  temperature  at  this  very 
period  may  culminate  in  fatal  hyperpyrexia  (105'8°-109'4°  F.). 
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In  many  instances  the  psendo-crisis  at  the  beginning  of  the  second 
week  is  succeeded  by  a second  fastigiuni  on  or  after  the  eleventh  day. 
In  fiivourable  cases  this  does  not  attain  the  height  of  the  initial  fastiginm 
in  the  first  week.  This  second  rise  of  temperature  may  be  absent,  the 
thermometer  gradually  falling  through  the  second  week  until  the 
fourteenth  day,  when  it  rapidly  sinks  to  or  below  normal. 

In  a majority  of  cases  defervescence  is  sudden.  It  may  be  pre- 
ceded b}'  a final  evening  e.xacerbation  on  the  twelfth  or  thirteenth  day, — 
a “ critical  perturbation,”  as  ^Yunderlich  called  it.  The  descent  of  the 
temperature  is  then  rapid,  even  precipitous,  falling  3°  to  5°  F.  or 
more  in  a single  night,  afterwards  it  rises  some  2°  in  the  evening, 
and  finall}'  reaches  the  normal  point  for  the  first  time  next  morning. 
Such  is  the  crisis  of  typhus.  In  its  suddenness  and  comjileteness  it 
closely  resembles  the  abrupt  defervescence  in  both  measles  and  acute 
pneumonia  (pneumonic  fever),  except  that  it  occurs  at  the  end  of  the 
second  instead  of  the  first  week  of  the  fever,  as  in  the  latter  diseases. 

Severe  cases,  with  cerebral  symptoms  (ataxic  typhus),  shew  a con- 
tinuously high  range  of  the  thermometer  without  any  remission  about 
the  seventh  day — indeed,  the  thermometer  continues  to  rise  through  the 
second  week.  This  is  especially  so  when  some  complication  is  threaten- 
ing, a state  of  things  which  may  postpone  defervescence  indefinitely,  or 
usher  in  a fatal  excessive  fever  or  hyperpyrexia. 

On  the  other  hand,  in  adynamic  cases,  with  heart-failure  and  pul- 
monary obstruction,  the  range  of  temperatm'e  may  be  moderate — not 
exceeding  103°  F. — or  irregular  with  “spildng”  readings;  or  the  fever 
may  be  continuous  vdthout  morning  remissions ; or  a fall  of  tempei’ature 
may  be  observed  Avith  a rise  of  pulse-rate  without  any  general  improve- 
ment. 

Rosenstein,  in  1868,  drew  attention  to  the  occurrence  in  not  a few 
cases  of  marked  precritical  variations  in  the  temperature  curve,  the 
final  subsidence  of  the  fever  being  preceded  by  a period  lasting  tAvo  or 
three  days,  during  Avhich  the  temperature  swings  daily  through  many 
degrees,  Ioav  morning  readings  being  succeeded  by  very  high  evening  ones. 
Curschmann  mentions  such  a case  and  gives  the  chart.  The  patient,  an 
apprentice  aged  17,  passed  through  moderately  severe  typhus,  in  Avhich 
the  thermometer  ranged  through  many  degrees  from  morning  to  evening 
after  the  thirteenth  day,  the  final  critical  defervescence  being  jjostponed 
to  the  seventeenth  and  eighteenth  days. 

Fatal  cases  are  usually  accompanied  by  high  readings  of  the  thermo- 
meter from  the  outset,  yet  even  in  these  cases  it  is  not  so  much  the 
intensity  as  the  continuance  of  the  fever  Avhich  determines  the  mortal 
result.  Just  before  death  and  in  the  death-agony  a supreme  rise  of  the 
thermometer  is  a constant  and  ominous  phenomenon.  On  the  other 
hand,  Curschmann  I’eports  a case  in  Avhich  a terminal  temperature  of 
33'  C.  (OW'  F.j  Avas  lecorded.  The  patient,  an  intemperate  vagabond 
aged  23,  succumbed  early  on  the  twelfth  day  of  his  fever. 

ylfebrile  tijphn.i  has  occasional!}'  been  observed.  Combemale  (1) 
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reported  a case  in  which  the  temperature  rose  to  104°  F.  on  the  third 
day,  then  fell,  and  on  the  morning  of  the  sixth  day  reached  9 2 -6°  in  the 
rectum.  The  patient  died  next  day  Avith  a temperature  of  9 7 -8°.  A 
second  patient  had  a temperature  of  about  100‘4°  only  at  the  beginning 
of  his  illness;  it  then  sank  to  between  96'S°  and  98'6°,  remained  so 
until  the  ninth  day,  Avhen  a descent  to  9T8°  took  place.  Then  again  a 
rise  to  9 6 ’8°;  death  Arith  a reading  of  9 5 ‘9°. 

A poisonous  odour  hangs  about  the  person  and  especially  the  .skin 
and  breath  of  the  typhus  patient  after  the  first  Aveek.  It  is  highly 
infectious.  With  Murchison  A\m  may  speak  of  it  as  a smell  sui  generis, 
though  Gerhard  aptly  described  it  as  “ pungent,  ammoniacal,  and  offen- 
sive.” It  most  resembles  that  of  the  air  in  a Ioaa',  damp  and  overcroAvded 
dormitory  after  some  hours  of  closure.  It  is  a musty  or  “ mousy  ” 
smell.  This  typhus  odour  is  strongest  in  heavy,  damp  Aveather,  and 
Avhere  ventilation  is  deficient — in  fact  it  should  not  be  percejAtible  in  a 
Avell-managed  typhus-fever  ward,  Avhere  due  attention  is  paid  to  thorough 
ventilation.  Curschmann  tells  us  that,  AA'hether  it  was  due  to  the  faultless 
ventilation  he  cannot  say,  he  never  noticed  any  specific  exhalation 
from  the  typhus  patients  in  the  Moabit  lazaretto.  Sudamina,  or  sweat 
vesicles,  local  eruptions  of  herpes,  purpuric  spots  and  vibices  are  acci- 
dental manifestations  (epiphenomena)  on  the  skin  in  typhus.  In 
convalescence  the  skin  commonly  peels  off  in  fine  branny  scales  (furfur- 
aceous  desquamation),  and  the  hair  usually  falls  off,  although  not  to  so 
great  an  extent  as  in  small-pox.  Interference  Avith  the  nutrition  of  the 
skin  and  its  appendages  is  shewn  by  the  frequent  occurrence  of  a 
transverse  Avhite  band  and  an  atrophic  furroAV  at  the  lunula  of  the  nails, 
four  to  six  Aveeks  after  the  commencement  of  the  fever.  These  markings 
gradually  advance  to  the  tip  of  the  nails  during  the  five  or  six  months 
folloAving  the  attack. 

Daily  examination  of  the  pulse,  heart,  and  lungs  should  neA'er  be 
omitted  in  typhus.  The  circulation  especially  is  much  disturbed.  The 
pulse  is  at  first  full  but  soft  and  compressible,  and  moderately  quickened 
(108-120  beats  a minute);  or  it  may  be  abnormally  sIoav,  doAvn  to  48, 
40,  and  even  30  beats — often  a sign  of  debility.  When  the  patient  sits 
up  his  pulse  becomes  quicker  and  less  full ; in  the  second  Aveek  it  is  often 
dicrotous  or  undulatory.  This  is  an  indication  of  very  Ioaa'  arterial  blood- 
pressure  ; and  a practical  bearing  of  the  observation  is  that  the  typhus 
jjatient  should  neAmr  be  allowed  to  assume  a sitting,  much  less  a standing, 
posture. 

The  condition  of  the  heart  is  profoundly  altered  in  this  feA'er. 
Weakening  of  the  heart  generally  begins  about  the  fourth  or  fifth  day, 
and  passes  oft’  after  the  tenth  day  in  cases  Avhich  are  about  to  do  well. 
The  muscular  tissue  of  the  organ  is  softened  and  friable.  All  modern 
pathologists  agree  in  attributing  this  change  to  cloudy  sAvelling  and 
c^ranular  fatty  degeneration.  Those  Avho  maintain  that  the  change  is 
fnflammatory  speak  of  the  disease  as  an  “aente  parenchymatous  myo- 
carditis ” or  “ an  infective  myocarditis.”  Those  Avho  regard  the 


TYPHUS  FEVER 


549 


coiulition  as  merely  degenemtive  give  to  it  the  names  of  “acute 
parenchymatous  degeneration,”  “ albuminous  degeneration,”  or  “febrile 
softening  of  the  heart.”  In  it  the  heart  is  sometimes  perceptibly  dilated ; 
the  myocardium  is  of  a dirty  greyish-red  or  greyish-yellow  colour,  with 
occasional  extravasiitions ; its  consistence  is  soft ; its  substance  is  lax, 
flabby,  and  friable.  Thrombi  may  be  found  in  the  ventricles.  Miero- 
scopicalh’  the  muscidar  fibres  are  swollen,  their  striation  is  more  or  less 
lost  and  replaced  by  granules  (albuminous)  and  fatty  molecules  ; occasion- 
ally the}-  undergo  hyaline  degeneration  (Zenker).  Along  with  these 
evidences  of  degeneration  there  are  found  certain  aijpearances  which 
suggest  regeneration — a condition  certainl}'^  established  in  favourable 
cases  of  typhus. 

This  acute  parenchymatous  change  may  be  the  result  of  the  specific 
action  of  the  febrile  poison,  of  the  accompanying  pyrexia,  or  of  both,  on  the 
protoplasm  (Mitchell  Bruce).  As  regards  the  symptoms,  cardiac  failure  is 
the  chief  evidence  of  this  morbid  condition  of  the  myocardium.  "We  are 
indebted  to  Stokes  for  a full  clinical  account  of  this  febrile  weaken- 
ing of  the  heart.  According  to  him  the  first  objective  symptom  is  a 
diminished  CiU'diac  impulse,  even  when  the  patient  lies  partly  on  the  left 
side,  in  which  position  the  ajjex  of  the  heart  comes  into  contact  with  the 
chest- wall.  The  impulse,  in  the  next  degree,  fails  altogether,  while 
the  first  sound  becomes  fainter  or  less  loud.  Occasionally  a tempo- 
rary murmur  accompanies  this  sound.  These  signs  are  most  apparent 
towards  the  left,  because  the  left  ventricle  is  most  affected.  In  the  third 
stage  of  the  lesion  the  first  sound  disappears,  the  heart  being  heard  to 
beat  with  only  one,  and  that  the  second  sound,  which  may  be  actually 
accentuated  from  increased  pressure  in  the  pulmonary  artery,  or  appear 
accentuated  by  contrast.  In  a yet  more  advanced  stage  of  cardiac 
weakness  both  sounds  are  equally  diminished  in  loudness  and  become 
equidistant,  while  the  heart  beats  with  great  rapidity  (tachycardia). 
The  pulse-rate  is  now  from  140  to  160  beats  per  minute.  To  this 
state  the  term  “foetal  heart”  has  been  applied,  because  in  its  weakness 
and  from  its  quickness  at  the  expense  of  the  long  pause  it  resembles  the 
heart-beat  of  the  foetus  in  utero.  This  condition  indicates  gi-eat  delnlity. 
The  last  stage  of  all  is  silence  of  the  heart,  a sign  of  impending  dissolu- 
tion, a condition  which,  as  Stokes  observes,  is  almost  always  fatal. 

In  making  a physical  examination  of  the  heart  allowance  must  be 
made  for  the  muffling  of  the  sounds  under  the  influence  of  a very 
muscular  or  a very  fat  chest-wall,  or  in  the  presence  of  loud  bronchial 
rales  and  rhonchi. 

Should  the  patient  recover,  the  physical  signs  alter  in  the  inverse 
order.  Coincidently  with  the  return  of  the  first  sound  the  pulse  should 
fall  in  rate,  otherwise  the  prognosis  is  bad.  Aftei'  the  fever  the  i)ulse 
often  falls  much  below  the  normal  rate — even  as  low  as  thirty  beats  in 
the  minute.  It  then  slowly  recovers  itself. 

In  typhus,  when  there  is  no  pulmonary  complication  of  account,  and 
when  the  nervous  symptoms  arc  not  i)ronounced,  the  normal  ratio  of  the 
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respiration  to  the  pulse — 1 to  4 — is  maintained.  Thus  a pulse  of  120 
beats  per  minute  would  mean  thirty  resi)irations.  In  grave  cases,  how- 
ever, certain  abnormal  modes  of  respiration  may  arise  from  cerebral  dis- 
turbances, independently  of  any  pulmonary  disease.  In  such  cases  the 
breathing  is  hurried,  sighing,  irregular,  spasmodic  or  jerking.  There 
is  a hesoin  de  respirer,  what  the  Germans  call  Luftimnger.  This  irregu- 
larity of  breathing,  independent  of  any  pectoral  affection.  Graves  called 
“ cerebral  respiration.”  In  other  cases  the  breathing  is  irregular,  blow- 
ing or  hissing,  while  the  mouth  is  kept  closed,  the  cheeks  puff  out,  and 
the  nostrils  dilate  with  each  expiration ; this  is  the  “ nervous  or  cere- 
bral respiration  ” of  Sir  Dominic  Corrigan.  A third  variety  is  the  rising 
and  falling  breathing,  called  “ Cheyne-Stokes’  respiration.” 

Hypostatic  congestion  very  often  takes  place  in  the  most  dependent 
parts  of  the  lungs.  Its  causes  are — impaired  innervation  (paresis  of  the 
pneumogastric  nerves),  impaired  nutrition  of  the  blood-vessels,  and 
lessened  heart  power.  The  occurrence  of  this  serious  complication  is 
favoured  by  the  greatly  impaired  movement  of  the  chest- walls  and 
the  dorsal  decubitus,  in  which  the  patient  lies  on  the  broad  of  his  back. 
Physical  examination  of  the  chest  day  by  day  affords  timeliest  warning 
of  the  stealthy  approach  of  this  perilous  condition,  and  should  never 
be  neglected  in  typhus.  There  may  be  neither  cough  nor  expectoration, 
but  the  rapid  laboured  breathing  with  cyanosis  due  to  defective  aeration 
of  the  blood  should  draw  the  attention  of  the  physician  to  the  patient’s 
danger  from  serous  oedema  of  the  lungs.  The  physical  signs  may  be 
those  of  a widespread  bronchial  catarrh. 

The  breath  of  a typhus  patient  is  offensive,  heavy  and  pungent, 
often  ammoniacal.  Its  smell  has  been  likened  to  that  of  yeast.  The 
absolute  quantity  of  carbonic  dioxide  in  the  lungs  is  increased,  but  the 
proportion  of  this  gas  in  the  expired  air  is  consideral^ly  below  the  normal 
amount.  This  anomalous  result,  arrived  at  by  Dr.  A.  i\lalcolm  of  Belfast 
in  1843,  is  explained  by  Vierordt’s  observation  that,  even  in  health,  the 
proportion  of  carbonic  acid  in  the  expired  air  diminishes  as  the  respirations 
become  quicker. 

Bronchial  catarrh  may  usher  in,  accompany,  or  succeed  an  attack  of 
typhus.  It  is  a dangerous  complication,  particularly  in  winter — first, 
because  it  is  almost  certain  to  be  associated  with  more  or  less  hypostatic 
consolidation  in  the  lungs ; secondly,  because  the  bronchial  secretion  is 
likely  to  accumulate  in  the  tubes  and  asphyxiate  the  patient  in  con- 
sequence of  his  inability  to  cough,  coupled  with  the  impaired  nutrition 
and  pai’alysis  of  the  muscular  fibres  of  the  bi'onchi.  Pneumonia  is  a 
rai’e  complication  or  sequel  of  typhus.  It  may  be  distinguished  from 
hyj)ostatic  congestion  (with  which,  however,  it  is  sometimes  associated) 
by  the  unilateral  dulness,  and  by  the  presence  of  tubular  breathing 
and  rusty  sputa.  Pulmonary  gangrene  is  a rare  but  fatal  complication, 
which  is  apt  to  occur  in  very  destitute  patients.  It  may  be  of  embolic 
origin,  secondary  to  extensive  bed-sores  over  the  sacrum,  as  in  cases 
observed  by  Murchison.  Lastly,  it  may  result  from  aspiration  of  septic 
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detritus  iii  laryngeal  perichondritis  (Cnrschmann).  Pleurisy,  with 
purulent  eft’usion,  is  a rare  and  may  be  a latent  complication.  Tuber- 
culosis of  the  lung  also  is  an  infrequent  sequel  of  typhus,  although  it  is 
by  no  means  uncommon  after  enteric  fever. 

As  regards  the  urinari/  si/stem,  the  amount  of  urine  is  much  diminished 
at  first,  when  it  is  acid,  dai’k-coloured  from  typhous  dissolution  of  the 
blood,  and  of  high  density  (1024-1036).  Urea  is  increased  in  quantity 
at  the  outset,  but  afterwards  falls  below  normal,  on  account  of  low  diet 
and  imperfect  elimination.  Albuminuria  is  often  present,  but  this  does 
not  necessarily  imply  renal  disease ; for  in  excessive  blood-changes  such 
as  occur  in  bad  typhus  the  blood-serum  may  find  its  way  into  the  urine. 
From  experiments  undertaken  by  H.  Lorenz  it  seems  probable  that  the 
albuminuria  of  fever  depends  directly  on  certain  histological  changes  in 
the  renal  epithelium.  Acetone  may  be  present  in  variable  proportion, 
and  in  children  diacetic  acid  and  also  y8-oxy butyric  acid  (von  Jaksch). 
Diaceturia  in  children  is  not  an  unfavourable  indication,  but  in  adults 
it  is  a gi'ave  sign,  and  is  not  infrequently  followed  by  fatal  coma  in 
fever  as  well  as  in  diabetes  mellitus.  Uric  acid  is  usually  increased,  and 
both  Frerichs  and  Murchison  detected  leucin  and  tyrosin  in  the  urine 
of  typhus.  Chlorides  gradually  lessen  in  amount  from  the  first.  Towards 
the  close  of  the  fever  there  may  be  diuresis- — a recognised  mode  of 
crisis — with  a copious  precipitation  of  urates.  General  convulsions  are 
most  dangerous  in  typhus ; they  occur  in  about  one  per  cent  of  the 
cases,  and  uuth  rare  exceptions  are  of  urtemic  origin.  In  most  of  these 
cases  there  is  albuminuria,  with  scanty  or  suppressed  excretion.  Kidney 
disease  is  often  present  or  there  may  be  a history  of  intemperance. 
LTaemic  con\nlsions  do  not  usually  appear  before  the  middle  or  end  of 
the  second  week.  ^Iiu’chison  took  notes  of  sixty-nine  cases  of  convul- 
sions in  typhus.  Of  these,  sixty-one  were  fatal,  and  only  eight  recovered. 
Occasionally  simple  retention  of  urine  determines  an  attack  of  epileptoid 
convulsions,  in  which  case  judicious  treatment  may  afford  immediate 
relief.  The  catheter  should  be  passed,  as  recommended  by  Stokes,  after 
a few  whiffs  of  chloroform  cautiously  given,  if  this  be  necessary. 

Convulsions  are  commonly  preceded  by  drowsiness  or  delirium. 
Allusion  has  more  than  once  been  made  to  the  important  part  played 
by  the  nerrous  system  in  the  symptomatology  of  typhus.  Frontal  head- 
ache is  an  early  and  constant  symptom.  It  is  a dull,  aching,  heavy  pain 
— rarely  acute,  darting,  stabbing,  throbbing,  or  bursting.  It  is  the  most 
characteristic  nervous  symptom  during  the  first  week,  when,  however, 
vertigo  and  rheumatoid  pains  in  the  back  and  limbs  may  also  be  trouble- 
.some.  Other  sensory  disturbances  are  the  occasional  occurrence  of  severe 
neuralgic  pains  in  certain  nerve-tracts  during  defervescence  (Curschmann). 
Anaesthesia  of  the  same  areas  may  appear,  lasting  long  after  recovery. 
Cur-ichmann  has  known  anaesthesia  of  an  area  on  the  thigh  as  large  as 
the  palm  of  the  haiul  to  persist  for  three  months  after  recovery,  and  a 
.similar  one  in  the  distribution  of  the  ulnar  nerve  to  last  for  two  months 
after  recovery. 
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Mental  confusion  or  actual  delirium  takes  the  place  of  headache 
towards  the  close  of  the  first  week  ; hence  typhus  has  often  been  called 
“ brain-fever.”  The  mind  becomes  blunted  and  dull,  memory  lapses,  and 
cerebration  is  slow  and  defective ; in  this  state  the  term  “•  typhus  ” 
becomes  singularly  appropriate.  The  delirium  varies  in  character,  as  has 
been  already  stated.  Of  the  three  types — typhomania,  delirium  tremens, 
delirium  ferox — the  fii’st  is  the  most  common,  the  hvst  is  the  least 
common.  “ The  mental  sUite  of  the  delirious  typhus  patient,”  wrote 
Murchison,  “ is  peculiar,  and  well  worthy  the  study  of  the  metaphysician. 
As  a rule  the  memory  is  first  and  most  affected ; judgment  and  power  of 
connected  reasoning  often  remain  after  the  memory  has  entirely  gone. 
The  mind  may  labour  under  the  strangest  delusions,  and  often  it  appears 
to  revolve  obstinately  around  some  fixed  idea.  The  patients  rave  about 
objects  which  have  greatly  engrossed  their  attention,  either  immediately 
preceding  the  attack,  or  years  before,  and  which  are  now  jumbled  with 
persons,  scenes,  and  events  with  which  they  have  had  no  connection.” 
One  of  Curschmann’s  patients,  a lawyer,  of  a naturally  vivacious  disposi- 
tion, exhibited  during  the  fever  so  violent  an  antipathy  towards  his  male 
attendant  that  the  man’s  life  was  in  danger.  After  his  recovery  the 
patient  remembered  distinctly  the  details  of  the  terrifying  apparition 
which  had  so  strangely  excited  him  in  his  illness.  To  this  disordered 
imagination  the  man  sometimes  appeared  to  have  enormously  long  arms 
or  legs,  sometimes  he  seemed  to  inflate  himself  to  frightful  proportions, 
or  sat  without  any  head  by  his  bedside.  The  apiiarition  was  so  appalling 
at  one  time  as  to  induce  him  to  attack  the  monster  with  a knife,  as  the 
patient  himself  afterwards  remembered. 

Wakefulness  is  a common  symptom  in  early  typhus.  It  is  apt  to  be 
followed  by  extreme  nervous  agitation  and  prostration,  or  by  somnolence, 
deepening  into  complete  coma  and  terminating  in  death. 

Vanotis  muscular  are  observed  in  the  course  of  the  fever. 

Paralysis  of  the  neck  of  the  bladder,  coming  on  about  the  tenth  or 
eleventh  day,  leads  to  involuntary  dribbling  of  urine ; paralysis  of  the 
sphincter  a?ii,  to  incontinence  of  faeces.  The  coats  of  the  bladder  may 
lose  their  power  from  over-distension,  causing  retention  of  urine,  and 
incontinence  and  retention  may  even  co-exist.  Meteorism  is  due  to 
paresis  of  the  walls  of  the  intestines.  The  orbiculares  palpebrarum  may 
lose  their  power,  so  that  the  patient  cannot  close  his  ejmlids,  and  keratitis 
and  even  sloughing  of  the  cornea  are  induced  from  exposure.  Aphonia, 
inability  to  protrude  the  tongue,  and  dysphagia  are  other  examples  of 
paralyses  induced  by  typhus — the  last-named  being  the  worst  of  all,  and 
usually  the  forerunner  of  death. 

Muscular  agitation  indicates  great  prostration,  and  is  of  gi-ave  import. 
It  is  observed  in  patients  who  are  old  and  infirm,  or  intemperate,  or 
brain-workers.  Its  forms  are : tremulousness  of  the  hands,  tongue,  or 
whole  body ; rapid  oscillatory  movements  of  the  eyeballs  (nystagmus) ; 
choreiform  movements  of  the  extremities  ; choreic  convulsions  ; twitching 
of  the  tendons  of  the  wrist  (subsultus  tendinum)  and  of  the  facial  muscles  ; 
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picking  at  or  fulnbling  with  the  hed-clothes  (Hoccitatio  or  carphology) ; 
ami  obstinate  hiccup  (singultus). 

Muscular  rigidity  is  much  rarer  than  muscidar  agitation,  although 
equally  unfavourable ; the  fingers  may  be  clenched,  or  the  forearms 
Hexed.  There  may  be  tonic  spasms  of  certain  muscles,  or  even  trismus 
or  strabismus.  Well-marked  opisthotonos,  with  the  head  bent  back  and 
the  limbs  rigid,  was  once  observed  by  ]\Iurchison  and  once  by  Perry — 
both  cases  proved  fatal.  Of  general  convulsions  I have  already  spoken. 

The  organs  of  special  sense  suffer  in  proportion  to  the  severity  of  the 
fever.  The  suffused  conjunctivte  and  contracted  pupils  — “pin-hole 
pupils  ” of  Graves — constitute  “ the  ferret  eyes  ” of  typhus.  In  coma 
the  pupils  dilate  and  become  insensible  to  light,  with  squinting.  In- 
equality of  the  pupils  has  frequently  been  observed  by  Di'.  Cayley,  who 
reg-ards  the  phenomenon  as  without  prognostic  significance.  Photophobia 
is  sometimes  noticed.  Tinnitus  aurium  and  noises  in  the  head  are  often 
present  at  the  beginning  and  close  of  the  fever.  Deafness  is  commonly 
observed ; if  bilateral,  it  is  probably  part  of  the  general  antesthesia  of 
the  fever,  or  it  may  be  due  to  typhous  softening  of  the  intiinsic  muscles 
of  the  ear  (Stokes),  or  to  swelling  of  the  mucous  membrane  lining  the 
Eustachian  tubes,  or  otitis  may  cause  it.  This  last  may  proceed  from 
catarrh  of  the  tympanum ; it  may  assume  the  form  of  a purulent  otitis 
media,  leading  to  perforation  of  the  membrana  tympani,  inflammation  of 
the  labyrinth,  or  purulent  infiltration  of  the  mastoid  cells,  requiring 
surgical  treatment  if  we  would  save  the  patient  from  thrombosis  and 
inflammation  of  the  cerebral  sinuses  and  metastatic  or  septic  pneumonia. 
Intolerance  of  sound  is  a distinctly  bad  sign.  The  senses  of  smell  and 
taste  are  often  blunted  or  obliterated.  Epistaxis  is  very  rare  in  tyjjhus. 

The  sensibility  of  the  skin  is  usually  lessened  (hypsesthesia),  impaired 
(parjBsthesia),  or  entirely  lost  (anaesthesia) ; hypersesthesia  is  occasionally 
observed.  So  far  no  instances  have  been  recorded  in  which  tyj^hus  has 
been  followed  by  that  linear  atrophy  of  the  skin,  with  or  without  hyper- 
aesthesia  of  adjacent  parts,  which  is  a rare  seejuel  of  enteric  fever,  and 
which  has  been  described  by  Sir  Dyce  Duckworth,  Sir  S.  Wilks,  Dr. 
Shepherd  of  Montreal,  Dr.  T.  E.  BradshaAv  of  Liverpool,  and  several 
continental  observers. 

The  chief  determining  causes  of  the  eomplieations  which  modify 
the  course  of  typhus  more  or  less  unfavourably  are — (i.)  The  weakened 
state  of  the  heart;  (ii.)  the  impure  state  of  the  blood  ; (iii.)  constitutional 
peculiarities  and  family  idiosyncrasies;  and  (iv.)  the  so-called  “epidemic 
constitution  ” at  a given  time  or  place — that  is,  the  special  characters  of 
the  prevailing  epidemic. 

The  complications  which  affect  the  respiratory  organs  are — (i.)  hirgn- 
gitis,  infrequent  but  dangerous,  catankal  or  membranous  in  character,  or 
shewing  itself  as  acute  mdema  of  the  glottis,  and  giving  to  this  fever  the 
name  of  laryngotyphus  (Rokitansky) — peiichondritis  laryngea  in  not  a few 
cases  affects  one  of  the  arytajiioid  cartilages,  which  may  ulcerate  or  be- 
come separated  from  its  attachments  (necrosis) ; in  one  cjise,  observed  by 
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Curscliinann,  detachment  took  place  and  the  cartilage  was  expelled  when 
the  patient  coughed ; (ii.)  Bronchitis,  a very  common  and  dangerous  com- 
plication or  sequel ; hence  the  names  “Catarrhal  typhus”  (Irish  writers), 
“ Bronchotyphus  ” and  “Pneumotyphus”  (Rokitansky);  (\u.)  Hypostatic 
coiifiestion  of  the  lungs,  already  described ; (iv.)  True  pneumonia  {vide 
p.  530) ; (v.)  Gangrene  of  the  lung  {vide  p.  550)  ; (vi.)  Pleurisy,  rare  and 
latent,  but  with  purulent  effusion  from  the  outset ; (vii.)  Tuberculosis  of 
the  lungs,  a rare  sequel;  and  (viii.)  Heemoptysis,  exceptional,  and  resulting 
either  from  tuberculosis,  pulmonary  apoplexy,  or  from  acute  haemolysis 
(Murchison). 

As  to  the  blood  and  circulatory  organs,  typhus,  like  small-pox,  may 
so  devitalise  and  defibrinate  the  blood  as  to  establish — (i.)  an  aaite 
hannophilia,  the  patients  becoming  “bleeders”  from  “typhous  dissolution 
of  the  blood,”  or  from  bacterial  thrombosis  as  already  explained.  Hence 
the  formation  of  purpuric  spots  and  vibices,  and  the  occurrence  of  epi- 
staxis,  haemoptysis,  hsematemesis,  melsena,  menorrhagia,  haematuria,  and 
other  haemorrhages,  (ii.)  Pycemia,  with  purulent  deposits  in  the  joints, 
is  a rare  and  fatal  complication  at  the  time  of  crisis  or  later.  It  is 
signalised  by  repeated  rigors,  unstable  sjnking  temperature  ranges, 
extreme  prosti'ation,  heart-failiu’e,  jaundice,  and  profuse  sweating,  (iii-)' 
Venous  thrombosis,  an  occasional  sequel,  causing  phlegmasia  alba  dolens,  or 
“ white  leg.”  This  condition  may  also  result  from  obstruction  of  the 
lymph  - channels  or  inflammation  of  the  subcutaneous  areolar  tissue 
(diffuse  cellulitis),  (i^^)  Arterial  thrombosis  and  embolism  are  occasional 
but  serious  complications  or  sequels.  They  cause  local  gangrene,  cancrum 
oris,  necrosis  of  bone,  abscess  or  gangrene  of  the  lungs,  and  splenic  infarc- 
tions. Lastly,  in  the  heart  itself  (v.)  an  acute  granular  disintegration  of  the 
imiscidar  tissue  often  takes  place,  constituting  a dangerous  lesion,  especially 
in  advancing  life;  but  pericarditis  and  endocarditis  are  extremely  rare. 

Profound  though  the  influence  of  the  poison  of  typhus  is  upon  the 
nervous  system,  yet  tangible  pathological  changes  and  complications 
connected  with  that  system  are  infrequent.  The  cerebral  symptoms  of 
this  fever  are  usually,  perhaps  almost  invariably,  independent  of  inflam- 
mation of  the  brain  or  its  membranes.  Nevertheless,  meningitis,  although 
rare,  is  met  with  in  typhus,  of  which  disease  also  temporary  fatuity  and 
mania  are  infrequent  and  very  sad  sequels.  Happily  recovery  generally 
follows  at  last,  usually  in  two  or  three  months.  As  to  meningitis, 
Hampeln  reports  4 cases  of  purulent  meningitis  out  of  a total  of  726 
patients  in  an  epidemic  at  Riga.  Paralysis  is  a rare  sequel.  It 
commonly  assumes  the  form  of  hemiplegia,  but  may  occur  as  paraplegia 
or  as  general  paralysis  (H.  Kennedy).  Hemiplegia  may  be  caused  by 
cerebral  hfemorrhage,  embolism,  or  thrombosis.  Hampeln  has  described 
one  case  of  thrombosis  of  the  left  middle  cerebral  artery.  Peripheral 
neuritis  may  be  the  serious  cause  in  some  instances  of  the  muscular  pains 
which  sometimes  occasion  much  distress  in  convalescence,  and  even 
protract  recovery.  The  knee-jei’k  or  “ patellar  reflex  ” is  sometimes 
exaggerated ; and  ankle-clonus  is  sometimes  found  in  convalescence. 
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Lesions  of  the  digestive  tract  are  not  common  in  t}'j)hus.  Erysipelas 
of  Ike  pharynx  may  cause  d}'sphagia  or  o?dema  of  the  glottis,  and  so 
endanger  life.  Ha;mater)iesis  and  intestinal  lucmmrhage  are  rare  hut  fatal 
complications  : they  result  iu  the  graver  cases  of  typhus  from  the  liquefied 
state  of  the  blood.  Curschmann  mentions  the  case  of  a young  man 
treated  in  the  Moabit  Hospital,  Berlin,  in  1879,  Avho  had  a profuse 
intestinal  hamiorrhage  on  the  ninth  day  of  a severe  attack  of  typhus — 
at  the  autopsy  the  source  of  the  bleeding  tvas  found  in  a duodenal  ulcer 
which  was  evidently  of  long  standing.  Dum-hcea  and  dysentery  are  occa- 
sionally met  with — the  latter  complication  in  camps  and  sieges.  Jaundice 
is  infrequent,  but  fatal : of  fifteen  instances  observed  by  Murchison,  the 
jaundice  was  due  to  consecutive  congestion  of  the  liver  in  three  cases,  to 
gastro-duodenal  catarrh  in  one  case,  and  to  some  abnormal  state  of  the 
blood  in  the  remaining  eleven  cases,  of  which  nine  proved  fatal.  Peritonitis 
is  almost  unknoAvn  as  a complication  of  typhus  : in  two  cases  seen  by 
Murchison  the  causes  were,  respectively,  the  bursting  of  a softened 
embolic  infarct  in  the  spleen  and  tuberculosis  of  the  peritoneum. 

In  connexion  with  the  urinary  organs  nephritis  is  a dangerous  com- 
plication, often  inducing  fatal  urjemic  convidsions.  Cystitis  may  result 
during  convalescence  from  retention  of  urine  and  over-distension.  Both 
of  these  affections  may  be  accompanied  by  haematuria,  which  may  also 
arise  from  acute  haemolysis.  Curschmann  saw  a single  case  of  unilateral 
orchitis  in  a young  man  shortly  before  the  crisis ; it  lasted  ten  days  and 
subsided  without  going  on  to  suppuration.  He  observed  that  most 
writers  do  not  even  mention  orchitis  as  a complication  of  typhus. 

The  integuments  and  bones  may  suffer  severely’,  as  in  enteric  fever. 
Bed-sores  are  favoured  by  impaired  innervation,  but  arise  directly  from 
pressure,  early  neglect,  and  want  of  skilled  nursing.  Spontaneous  gan- 
grene, independently  of  pressure,  is  probably  brought  about  by  arterial 
thrombosis ; it  affects  the  toes  and  feet,  the  nose,  penis,  scrotum,  and 
female  pudenda.  It  occurs  in  badly-fed  patients,  and  is  ushered  in  by 
severe  shooting  pains,  numbness,  coldness,  and  lividity.  Gangrenous 
stomatitis  (noma,  or  cancrum  oris)  is  a destructive  and  fatal  variety  of 
gangrene,  which  attacks  the  cheek,  mouth,  tongue,  and  face  of  delicate, 
badly-fed  children  towards  the  close  of  the  fever.  “ Hospital  gangrene  ” 
attacks  wounds  and  abraded  or  ulcerated  surfaces  in  persons  under 
the  influence  of  typhus.  It  is  identical  with  or  closely  allied  to  acute 
sloughing  phagedsena.  Owing  to  improved  hygiene  these  septic  com- 
plications of  typhus  have  now  only  a historic  interest.  Inflammatory 
swellings  or  huhoes  are  not  infrequent  at  or  after  the  crisis,  especially  in  the 
parotid  and  suhraaxillary  regions.  These  bubonic  swellings  may  terminafe 
in  purulent  abscess,  or  recede  without  suppurating  ; they  are  a formidable 
compliwition  in  the  former  case. 

I.iastly,  typhus  fever  may  be  complicated  by  the  co-existence  or  close 
sequence  of  such  other  specific  diseases  as  small-pox,  scarlatina,  diphtheria, 
erysipelfw,  anrl  enteric  fever. 

The  following,  among  many  other  varieties  of  this  fever,  have  been 
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described  (i.)  Tnfiammatory  typhus,  characterised  by  much  febrile  re- 
action in  the  young  and  robust,  and  in  patients  of  the  upper  class;  (ii.) 
Nervous  or  ataxic  t3^phus  (“brain  fever”),  in  which  nervous  symptoms 
predominate  and  the  rash  is  copious,  dark,  and  petechial ; (iii.)  Adynamic 
typhus,  accompanied  by  great  muscular  and  cardiac  prosti-ation,  involun- 
tary evacuations,  and  a tendency  to  collapse  ; (iv. ) Ataxo-adynamic  typhus 
— congestive  typhus — by  far  the  most  common  variety  ; (v.)  Typhus 
siderans,  or  “ blasting  typhus,”  very  acute  and  most  fatal ; (vi.)  Typhus 
levissimus,  or  “mild  typhus”;  (vii.)  Abortive  typhus  in  the  “ ti/phisatim 
a petite  dose”  of  Jacquot,  in  which  symptoms  occur  in  persons  exposed  to 
infection  without  developing  into  actual  typhus ; (viii.)  Catarrhal  typhus, 
an  Irish  appellation  for  the  disease,  because  it  is  so  often  complicated 
with  bronchial  catarrh.  For  this  reason  also  Rokitansky  devised  the 
names  “ bronchotyphus  ” and  “pneumotyphus.” 

Diagnosis. — The  rash  is  pathognomonic.  Before  it  appears  we  have 
grounds  for  a differential  diagnosis  in  a history  of  exposure  to  the 
infection  of  typhus,  and  of  such  symptoms  after  exposure  as  rheumatoid 
pains,  headache,  and  early  prostration.  It  may  be  necessary  to  distin- 
guish typhus  from  the  following  diseases  or  diseased  conditions,  or  vice 
versa  ; — 

1.  Spirillum  fever  (relapsing  fever  {vide  vol.  i.  pp.  1186,  1188)).^ — In 
forming  an  opinion  regard  should  be  paid  to  the  nature  of  other  cases  of 
fever  in  the  same  house  or  family.  In  relapsing  fever  there  is  no  rash, 
while  epistaxis,  jaundice,  vomiting,  and  cardiac  murmur  are  common 
phenomena.  The  febrile  attack  terminates  by  a critical  defervescence 
after  five  or  seven  days.  This  is  followed  by  a remission  lasting  seven  or 
eight  days,  and  by  a relapse  on  or  about  the  fourteenth  day,  lasting  some 
three  days.  This  fever  prevails  epidemically,  for  the  most  part  during 
seasons  of  scarcity  and  famine.  The  spirillum  is  to  be  found  by  appro- 
priate means.  [Cf.  “ Spotted  Fever  ” in  vol.  on  Tropical  Disease.s.] 

2.  Enteric  or  typhoid  fever,  in  contrast  to  typhus,  begins  insidiously, 
is  often  accompanied  by  diarrhosa,  lasts  at  least  ten  days  longer  (twenty- 
four  compared  with  fourteen  days),  terminates  by  lysis,  has  an  unchange- 
able eruption — if  any — of  circular,  lenticular  rose-spots,  which  never  be- 
come petechial,  and  which  fade  after  death.  In  hsemorrhagic  typhoid, 
it  is  true,  petechire  may  appear.  Enteric  fever  also  is  characterised  in 
general  by  a clear  complexion,  bright  eyes,  dilated  pupils,  comparatively 
moderate  prostration  ; tenderness  of  the  abdomen,  tympanites,  gargouille- 
ment,  or  gurgling  in  the  ileo-csecal  region ; early  epistaxis  also  is  common, 
and  the  pathological  changes  are  specific,  being  found  chiefiy  in  the  last 
few  inches  of  the  ileum  and  about  the  ileo-caccal  valve  as  well  as  in  the 
mesenteric  glands  and  the  spleen.  Bacteriological  examination  will  reveal 
the  presence  of  Eberth’s  bacillus  in  the  excretions,  and  the  agglutination 
test  will  establish  the  diagnosis  of  enteric  fever. 

3.  Tropical  remittent  fever  (jungle  fever)  is  a parasitic  disease,  caused 
by  protozoa  (Laveran)  in  the  blood.  It  arises  independently  of  over- 
crowding, prevails  in  tropical  climates  and  in  warm  and  rainy  seasons. 
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The  spleen  is  much  enlarged,  and  quinine  often  acts  spec! fi call}'.  Petechia* 
may  no  doubt  be  prcseut,  but  the  macular  rash  of  typhus  is  wanting. 

4.  Purpura  is  nou-coutagious,  and,  as  a rule,  apyrexial.  It  is  un- 
accompanied by  cerebral  symptoms,  but  is  attended  with  hremorrhages 
from  the  mucous  membranes.  The  spots  are  larger  than  the  petechiai  of 
typhus. 

5.  Measles  presents  a characteristic  history  and  epidemic  prevalence. 
It  is  further  distinguished  by  its  prodromal  catarrhal  symptoms,  the 
brighter  tint  and  greater  abundance  of  its  rash,  the  frequent  presence  of 
diarrhcea,  and  its  early  defervescence.  Its  victims  are  usually  children, 
who  enjoy  a comparative  immunity  from  t}'phus. 

6.  The  initial  symptoms  of  small-pox  closely  resemble  the  onset  of 
typhus.  The  backache  of  small-pox  is  of  some  slight  value  in  diagnosis, 
but  a more  important  diagnostic  is  the  early  appearance  of  a scarlatinal 
nish  on  the  thighs  and  arms,  which  strongly  points  to  small-pox.  In 
that  disease  also  the  true  rash  first  shows  on  the  face,  a part  which 
escapes  in  typhus. 

7.  In  inflammation  of  the  brain  (cerebritis  or  encephalitis)  or  its 
membranes  (meningitis)  there  is  early  delirium  Avith  excruciating  head- 
ache. The  senses  are  morbidly  acute.  The  jDulse  is  bounding.  There 
is  no  rash  like  that  of  typhus.  In  meningitis  loud  cries  or  screams  {cri 
Hrebral)  occur,  also  strabismus,  ptosis,  opisthotonos,  and  partial  palsy. 
There  is  extreme  intolerance  of  light  (photophobia)  and  of  sound.  Nausea 
and  vomiting  are  common.  A sign  of  dubious  value  is  the  persistence 
of  a red  streak  upon  the  skin  after  pressure  by  the  finger-nail  {taclie 
ctrebrale). 

8.  The  delirium  tremens  of  the  drunkard  sets  in  Avith  sleeplessness 
and  delirium,  AA'ithout  shivering,  headache,  or  pains  in  the  limbs.  The 
tongue  is  moist  and  coated  Avith  a creamy  fur,  the  skin  is  damp  and  cool 
There  is  no  eruption,  and  the  temperature  is  not  high. 

9.  Asthenic  or  typhoid  pneumonia  is  distinguished,  at  any  rate  after 
the  first  day  or  tAvo,  by  the  presence  of  physical  signs  in  the  lung  and 
the  absence  of  eruption. 

10.  Uraemia  chiefly  occurs  in  chronic  interstitial  nephritis  in  middle  or 
advanced  life,  especially  in  gouty  subjects  or  persons  suffering  from  chronic 
lead  poisoning,  and  the  temperature  is  normal  or  subnormal.  This  last 
circumsbince  Murchison  calls  “the  grand  point  of  distinction.”  Finally, 
although  the  “ typhoid  state  ” may  be  fully  developed  in  uiaemia,  the 
typhiLs  rash  is,  of  course,  Avanting ; other  rashes,  however,  may  occur  in 
unemia  (14). 

Prognosis. — The  unfavourable  signs  in  a given  case  of  typhus  are — 
1,  a presentiment  of  death,  often  entertained  by  physicians  Avhcn  ill  of 
typhus;  2,  a soft  and  compressible  pulse,  in  rate  above  120  in  an 
adult ; 3,  absence  of  cardiac  impulse,  and  lessened  or  inaudible  first  sound 
of  the  heart ; 4,  hurned  respirations,  particulaily  if  no  pulmonary  lesion 
exist  to  explain  this  symptom  ; o,  sleeplessness  and  delirium  ; G,  com- 
plete coma-vigil  of  Sir  William  Jenner;  7,  the  presence  of  the  pin-hole 
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pupil  of  Graves;  8,  great  ju-ostration ; 9,  convulsions;  10,  muscular 
tremors  and  hiccup;  11,  relaxation  of  the  sphincters  before  the  tenth 
day;  12,  tympanites  or  meteorism ; 13,  lividity  of  the  face  and  surface 
generally;  14,  abundance  and  darkness  of  the  rash  ; 15,  persistent  high 
temperature  ; 16,  profuse  sweating  after  the  tenth  or  twelfth  day  ; 1 7,  the 
presence  of  any  serious  complication  ; 18,  a general  haemorrhagic  tendency 
or  acute  haemophilia  (“  Faulfieber  ”). 

When  death  does  take  place  it  results  from  asthenia,  with  heart- 
failure  ; or  from  ataxia,  nervotts  symptoms  deepening  into  coma  ; or  from 
some  intercurrent  complication  or  sequel. 

Mortality. — The  death-rate  from  typhus  among  the  community  at 
large  probably  does  not  exceed  10  per  cent  of  those  attacked.  Hospital 
statistics  shew  a higher  rate.  At  the  London  Fever  Hospital,  in  twenty- 
three  years  ended  1870,  the  death-rate  Avas  18 '9 2 per  cent.  At  Cork 
Street  Fever  Hospital,  Dublin,  in  the  last  epidemic,  that  of  the  years 
1880-82,  the  death-rate  was  lO'o  per  cent.  As  in  the  case  of  other 
epidemic  diseases,  the  mortality  is  greater  immediately  after  the  outbreak 
than  in  the  later  periods.  During  the  twenty  years  ended  March  31, 
1891,  2895  cases  of  typhus  Avere  admitted  to  Cork  Street  Fever  Ho.spital, 
Dublin.  Of  these,  363  proved  fatal,  the  death-rate  being  12 ’6  per  cent, 
or  nearly  1 in  8,  Age  influences  the  fatality  of  typhus  in  a most  remark- 
alile  Avay.  At  the  London  FeA’er  Hospital,  among  18,138  cases,  the 
mortality  during  the  first  five  years  of  life  Avas  6'69  percent;  in  the 
second  lustrum  it  fell  to  3'59;  between  10  and  15  it  Avas  oidy  2'28  per 
cent;  between  15  and  20  it  rose  to  4‘46.  Of  the  patients  above  30 
years,  35'39  per  cent  died  ; aboA'^e  40,  43‘48  ; above  50,  53’87  ; above 
60,  67-04;  above  70,  79‘00;  and  above  80,  lOO'OO  percent.  And  yet 
typhus  is  not  inAairiably  fatal  in  A'^ery  advanced  life,  for  in  1821  a man, 
said  to  have  been  aged  104  years,  recovered  from  petechial  typhus  in  the 
Avards  of  Cork  Street  Hospital.  Sex  influences  mortality ; men  die  in 
greater  numbers  than  Avomen.  The  intemperate,  the  sickly,  the  obese,  or 
the  very  muscular,  the  hard-Avorked,  Avhether  bodily  or  mentally,  but 
especially  the  latter,  run  the  Avorst  chance  of  all  if  attacked  by  typhus. 
Season  affects  the  death-rate,  Avhich  di-ops  to  a minimum  as  summer 
adAainces  ; but  rises  to  a maximum  in  late  Avinter  and  spring,  Avhich 
increase  is  probably  due  to  concentration  of  the  poison  in  closer  rooms. 
Fatigue  and  privation,  and  particularly  too  late  removal  to  hospital,  are 
all  prejudicial  to  tlie  typhus  ]jatient.  Pregnancy  adds  little  to  the  danger 
of  this  fever,  but  suckling  induces  ansemia,  and  increases  the  i-isk  of  death 
from  exhaustion. 

Treatment. — In  the  recognition  that  destitution,  overcroAvding,  and 
deficient  A^entilation  vastly  increase  the  predisposition  to  typhus,  lies 
the  kej^  to  the  jAreveutiA^e  treatment  or  prophylaxis  of  the  disease. 
Personal  clcaidiness,  an  abundant  supply  of  good,  Avholesome  food, 
strict  temperance,  a sufficient  cubic  air-space  per  head  of  the  popu- 
lation (at  least  500  cubic  feet),  and  free  ventilation,  Avhich  means  the 
supply  of  3000  cubic  feet  of  fresh  air  i)er  head  every  hour,  are  the  best 
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preventives.  Those  sick  of  typhus  should  be  ciirried  to  hospital  in  suit- 
able ambulances — never  in  public  conveyances,  and  while  in  hospital  they 
should  be  treated  iu  large  airy  \vards  or  rooms,  1500  to  2000  cubic  feet 
being  allowed  to  each  patient,  and  the  beds  should  be  at  least  six  feet 
apart.  If  the  hospital  has  more  than  one  story,  the  typhus  wards  should 
be  at  the  top  of  the  building,  as  the  jjoison  is  light  and  volatile.  Free 
ventilation  is  essential ; indeed,  whenever  the  weather  permits,  a strong 
current  of  fresh  air  should  be  allowed  to  blow  over  and  around  the  typhus 
patient  (1).  In  summer  and  autumn  the  typhus  cases  are  best  treated  in 
the  open  air,  of  course  protected  against  sun  and  rain.  The  open-air 
treatment  has  a most  beneficial  effect  on  the  nervous  system,  allaying 
delirium  and  inducing  sleep.  Even  in  Avinter  but  little  risk  of  catching 
cold  exists  while  the  fever  lasts  ; and  there  is  good  reason  to  believe  that 
an  abundant  access  of  fresh  air  may  positively  conti'ol  the  bronchial 
catarrh  and  other  pulmonary  affections  of  typhus,  Avhich  residt  not  from 
cold,  but  from  passive  hypeimmia  of  the  bronchial  mucous  membrane  and 
of  the  parenchyma  of  the  lungs  ; lesions  Avhich  really  belong  to  the  more 
essential  pathology  of  the  disease. 

Bearing  in  mind  tbe  early  and  grave  prostration  of  typhus,  the 
patient,  haA-ing  been  bathed  and  thoroughly  cleansed,  should  take  to  bed 
as  soon  as  possible  in  a cheerful,  large,  airy  apartment  AAuth  two  bedsteads 
in  it,  one  for  day  and  one  for  night.  The  best  form  of  bed  is  a hair- 
mattress  laid  upon  a Avoven  Avire  spring-mattress.  The  bed-clothes  should 
be  light  and  frequently  changed.  Curschmann  reminds  us  that  mirrors, 
Avall-paper  of  glaring  design,  conspicuous  pictures,  and  any  other  brightly 
coloured  or  othenAuse  unpleasantly  prominent  objects  should  be  coA^ered 
or  remoA'ed,  for  their  presence  feeds  the  disordered  imagination  of  the 
delirious  patient,  increasing  his  hallucinations,  and  exciting  him  to  the 
point  of  mania.  The  patient’s  head  should  be  kept  as  cool  as  possible, 
but  his  feet  should  be  AA^arm.  There  is  no  disease  in  Avhich  the  services 
of  a trained,  experienced,  strong,  and  judicious  nurse  are  more  needed 
than  in  typhus.  Both  in  hospital  and  in  private  practice  the  nurse  or 
nurses,  for  there  should  be  a day-nurse  and  a night-nurse,  should  keep  a 
Avritten  record,  at  stated  intervals  previously  arranged,  for  the  informa- 
tion of  the  physician,  of  the  times  at  Avhich  food  and  stimidants  have 
been  given,  the  boAvels  have  moved  or  Avater  has  been  passed,  of  the 
changes  in  the  nature  and  character  of  the  symptoms  from  visit  to  visit 
of  the  physician,  and  of  the  behaviour  of  the  temperature  and  the  rate  of 
the  pAilse  and  respirations.  In  all  bad  cases,  Avith  profuse  eruiition,  the 
entire  surface  of  the  body  should  be  gently  sponged  tAvice  or  three  times 
a day  Avith  equal  parts  of  vinegai-  and  Avarm  or  tepid  Avater. 

So  far  as  the  physician  himself  is  concerned,  every  case  of  fever  shoidd 
l>e  AHsited  at  least  tAA’ice  a day — morning  and  evening — during  the  acute 
and  critical  sUiges  ; for  a fcAv  hours  may  mean  life  or  death  to  the  sufferer, 
and  again,  a morning  visit  only  may  give  a A^ery  false  imjAression  of  a 
patient’s  state  and  prospects.  The  condition  of  the  hcai’t  and  lungs,  of 
the  kidneys,  and  of  the  bladdej-,  should  ahvays  be  investigated. 
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The  medical  treatment  of  typhus  is  purely  symptomatic,  for  as  yet 
we  possess  no  specific  for  this  disease,  if  we  except  fresh  air.  While  we 
endeavour  to  sustain  the  vital  powers  of  the  fever  patient  by  appropriate 
food  and  stimulants,  we  should  avoid  anything  which  would  cause  con- 
gestion, 01  put  an  additional  strain  on  organs  already  overtasked  and 
with  impaired  functions. 

The  food  should  be  both  nutritious  and  digestible,  con.sisting  of  such 
articles  as  milk,  eggs,  beef-tea,  veal  bi-oth,  chicken  broth,  mutton  broth, 
(strained),  meat  essences,  meat  jellies,  arrowroot,  sago,  tapioca,  bread  and 
milk,  junket,  wine-whey,  and  egg-water,  butter-milk,  fermented  milk 
(Kephir),  custard,  tea  or  coffee  well  diluted  with  milk.  If  there  be  a 
tendency  to  diarrhoea  the  milk  should  be  boiled,  or  lime  water  should  be 
given  with  it  in  the  proportion  of  one  part  in  four,  or  vermicelli,  gelatin 
(isinglass),  or  arrowroot  should  be  added  to  the  milk  or  broth.  If  the 
digestive  powers  are  very  weak  the  food  may  be  peptonised. 

Food  should  be  given  to  the  fever  patient  at  regular  intervals — every 
three  hours,  every  two  hours,  or  even  every  hour  ; but  the  stomach 
should  be  allowed  to  rest  for  at  least  the  last-named  interval,  else  nausea, 
vomiting,  flatulence,  and  diarrhoea  may  be  caused  through  non-assimilation 
and  decomposition  of  the  food.  When  a patient  remains  in  a state  of 
stupor  he  should  be  roused  from  time  to  time  to  take  food  ; a teacupful 
of  black  coffee  is  often  most  beneficial.  If  the  patient  fall  into  a 
tranquil  sleep  after  a period  of  wakefulness,  nervous  excitement,  or 
delirium,  he  should  not  be  aroused  for  food.  In  delirium,  or  when  the 
patient  is  unconscious  or  unable  to  swallow,  liquid  nourishment  should 
be  given  by  the  nasal  tube,  or  nutrient  enemas  should  be  administered. 
In  the  latter  case  the  rectum  should  first  be  washed  out  by  a clyster  of 
warm  water,  and  then  an  enema  should  be  given  of  milk  and  brandy,  or 
beef-tea,  or  egg-flip,  at  a suitable  temperature  (100°  F.),  and  of  moderate 
volume  (not  exceeding  four  to  six  ounces). 

Very  few  fever  patients  can  digest  more  than  one  pint  of  animal 
broth,  and  from  one  and  a half  to  two  pints  of  milk,  in  the  twenty-four 
hours  ; and  these  quantities  seem  to  be  a fair  allowance  for  an  adult. 

The  thirst  of  fever  is  the  expression  of  a real  Avant  in  the  system — 
it  is  a craving  for  more  water.  The  question  then  arises.  How  may 
water  be  supplied  to  the  typhus  patient  ? Taken  internally  water  is  the 
most  effectual  assuager  of  consuming  thirst,  the  best  and  safest  diuretic, 
diaphoretic,  aperient,  and  eliminative  we  can  prescribe.  Its  administra- 
tion in  moderate  quantities,  at  frequent  intervals,  often  allays  delirium 
and  induces  sleep.  Another  way  in  which  Avater  may  be  given  is  in  the 
form  of  ice,  sucking  fragments  of  AA^hich  is  most  grateful  to  the  conscious 
and  non-delirious  patient.  Ice,  hoAvever,  sometimes  leaves  a parched 
feeling  in  the  mouth,  and  children  are  apt  to  dislike  it.  In  such  cases, 
it  should  be  used  to  cool  the  beverage  taken  to  allay  thirst. 

To  wash  out  from  the  system  the  retained  products  of  increased  tissue- 
change  in  typhus  is  one  of  the  most  pressing  indications  for  treatment. 
It  is  safely  and  efficiently  fulfilled  by  the  internal  administration  of 
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water.  There  can  be  no  doubt,  also,  that  in  fever  water  is  absorbed  by 
the  skin  when  tepid  sponging  is  jwactised,  or  when  the  patient  is  placed  in 
a warm,  tepid,  or  even  cold  bath.  Curschmann  tndy  observes  that  the 
value  of  the  bath-treatment  lies  not  so  much  in  the  reduction  of  the  body- 
temperature  as  in  the  favourable  effect  produced  on  the  entire  symptom- 
complex  of  typhus,  particularly  on  certain  vital  centres  which  are 
especially  implicated  in  the  poisoning,  namely,  the  respiratory  and 
circulator}’  centres.  This  physician  does  not  use  cold  baths  save  in 
special  circumstances.  He  prefers  von  Ziemssen’s  method  of  gradually 
reducing  the  temperatirre  of  the  bath.  He  places  the  patient  in  a bath 
of  75°  to  78°  F.,  and  cools  the  water  by  degrees  to  68°  or  63°  F.,  seldom 
lower.  A cold  damp  cloth  or  an  ice-cap  is  applied  to  the  patient’s  head 
during  the  bath. 

Following  the  practice  of  Dr.  Stokes,  at  the  Meath  Hospital,  Dublin, 
cold  afiusion  may  be  used  : the  modified  plan  being  adopted  of  pouring 
cold  water  from  a large  jug  over  the  head  and  face  of  a typhus  fever 
patient  while  lying  crossways  in  bed,  his  head  and  shoulders  being  sup- 
ported over  a bath  placed  alongside  the  bed.  The  stream  of  w'ater  should 
be  directed  upon  different  parts  of  the  head  from  time  to  time ; otherwise 
pain  may  be  caused.  Ice  also  may  be  applied  to  the  head — a piece, 
rubbed  smooth  with  the  hand,  being  placed  in  a cup-shaped  sponge  of 
convenient  size.  By  inverting  the  sponge  the  ice  is  brought  into  contact 
with  the  shaven  scalp,  and  is  passed  round  and  round  the  head  by  a 
continuous  gentle  motion.  In  this  w’ay  no  pain  is  caused,  the  process  is 
grateful  to  the  patient,  and  the  whole  head  is  uniformly  and  gradually 
cooled.  An  ice-cap  may  be  placed  on  the  head,  but  should  the  patient 
be  very  irritable  the  use  of  Leiter’s  tubes  is  preferable,  for  the  patient  is 
not  then  disturbed  by  the  removal  and  refilling  of  the  ice-cap. 

The  question  of  alcoholic  stimulants  in  typhus  is  an  anxious  one.  The 
chief  indications  for  their  use  are  derived  from  the  state  of  the  pulse,  heart, 
tongue,  and  brain ; from  the  presence  of  complications,  and  especially  of 
the  “ typhoid  ” or  “ ataxic  state  ” (that  is,  stupor,  low"-  muttering  delirium, 
tremor,  subsultus,  involuntary  evacuations,  coma- vigil,  etc.).  Alcoholic 
stimulants  are  doing  a typhus  patient  good  if  under  their  use — 

1.  The  heart’s  action  becomes  stronger  and  less  rapid,  and  the  first 
sound  more  distinct,  and  the  impulse  increases  in  strength. 

2.  A soft,  compressible,  undulating,  ii-regular,  or  intermitting  pulse 
becomes  fuller,  stronger,  and  more  regular  in  rhythm  and  volume. 

3.  A dry,  brown,  or  black  shrivelled  tongue  {parrot  tongue)  becomes 
clean  and  moist  at  the  edges. 

4.  Delirium  lessens,  the  patient  becoming  more  tranquil,  or  even 
falling  fisleep. 

Medicinal  stimulants  are  most  urgently  required  during  the  night  and 
in  the  early  morning,  w’hen  the  vital  powers  are  w^ont  to  flag.  In  the 
forenoon  they  are  less  necessary.  In  cases  of  extreme  prostration 
medicinal  stimulants  or  tonics  should  be  combined  wfith  wine  or  spirits ; 
for  example,  carbonate  of  ammonium  and  bark,  the  dift’erent  ethers, 
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camphor,  tnusk,  turpentine,  quinine,  and  strychnine.  Murchison  con- 
sidered, and  rightly,  that  patients  under  twenty  years  of  age  do  best,  a.s 
a rule,  without  any  alcohol,  whereas  most  patients  over  forty  are  benefited 
by  it  after  the  first  week  of  the  fever.  The  eficct  of  each  dose  should  be 
carefully  watched  and  noted  ; and  stimidants  must  never  be  ordered  as  a 
matter  of  routine  or  without  a sense  of  grave  responsibility.  Although 
many  patients  pass  through  typhus  in  safety  without  alcohol,  there  can  be 
no  doubt  that  its  judicious  use  may  save  life.  It  may  even  be  necessary 
to  prescribe  it  at  an  early  stage  of  the  fever,  in  cases  where  the  occurrence 
of  great  prostration  of  nervous  energy  is  foreseen.  In  such  circumstances 
the  physician  gives  stimulants  bi/  anticipation.  In  adopting  this  antici- 
pative  treatment  by  stimulants  (Stokes)  we  follow  the  old  maxim,  “ venienti 
occumre  morbo,”  and  we  take  into  account  the  character  of  the  prevailing 
epidemic  and  the  previous  medical  history  of  the  patient,  and  his  habits 
as  regards  indulgence  in  alcohol. 

In  former  da}'s  musk  enjoyed  a high  reputation  as  a diffusible  stimu- 
lant and  antispasmodic  in  the  low  muttering  delirium  and  nervous 
prostration  of  the  ataxic  state.  In  Ireland,  however,  of  late  years  this 
remedy  has  fallen  into  unmerited  disuse,  partly  because  of  the  great  cost 
of  the  drug,  and  partly,  it  is  to  be  feared,  because  its  exhibition  was  often 
postponed  until  too  late  to  prove  of  much  use.  In  an  epidemic  of  typhus 
in  Leeds  in  1866,  Dr.  Clifford  Allbutt  found  musk  most  valuable  when 
given  in  5-grain  doses  in  low  delirixim.  It  may  be  preseribed  in  bolus  or 
emulsion.  Camphor  may  be  substituted  for  musk  in  hospital  practice,  or 
these  powerful  diffusil)le  stimulants  may  be  given  in  combination.  Among 
the  various  ways  in  which  camphor  may  be  administered,  the  method  by 
hypodermic  injection  should  be  mentioned.  A solution  of  camphor  in 
almond  oil,  of  the  strength  of  1 in  10  (10  per  cent),  may  be  injected 
subcutaneously,  and  will  be  found  most  useful  as  a stimulant,  and  at  the 
same  time  a hypnotic  and  calmative.  So  far  back  as  1878,  Eugene 
lYittich  described  camphor  as  an  excellent  remed}*’  for  the  sleeplessness  of 
melancholia  in  female  lunatics.  After  the  subcutaneous  injection  of  OT 
to  0'2  gi’amme  of  camphor,  he  found  tliat  the  patient  quickl}'^  became 
drowsy,  and  soon  went  off  into  a sleep  of  several  hours’  duration.  He 
dis.solved  the  camphor  in  sweet  almond  oil  (1‘0  to  lO'O  grammes).  The 
injection  is  less  painful  than  one  of  morphine,  and  abscesses  never  occur 
afterwards.  The  hypodermic  needle  must  be  rather  wide,  otherwise  the 
oil  does  not  flow  readily. 

The  management  of  some  of  the  eomplieations  and  sequels  of 
typhus  calls  for  a few  remarks  : — 

Pulmonary  congedion  and  bronchitis  are  best  treated  by  external  means 
— poulticing,  dry-cupping,  and  the  application  of  rubefacients  and  stimu- 
lating liniments,  like  compound  camphor  liniment,  acetic  turpentine 
liniment,  and  so  on.  Iodine  may  bo  apjflied  as  an  oleate,  or  in  com- 
bination with  water  and  glycerin.  The  official  liniment  of  iodide  of 
potassium  with  soap  is  an  excellent  remedy  for  such  conditions.  Inter- 
nally, quinine  deservedly  takes  first  plaee  among  remedial  agents.  It 


TYPHUS  FEVER 


563 


may  be  given  in  does  of  5 grains  every  three,  four,  or  six  hours,  until 
symptoms  of  cinchonism  shev  themselves.  Digitalis  may  bo  combined  with 
quinine ; and  so  may  tincture  of  mix  vomica,  or  liquor  strychninai,  or 
liquor  arsenici  hydrochloricus.  In  convalescence  iodide  of  potassium  and 
bark  form  a suitable  and  often  valuable  combination.  Free  stimulation 
is  needed  in  many  cases — the  spirits,  whisky  and  brandy,  are  more 
reliable  than  wine. 

Paresis  after  the  fever  requires  a generous  diet,  the  mineral  acids  as 
tonics,  strychnine,  and  massage  ivith  galvanism  or  faradisation.  To  these 
remedies  shower-baths  and  (in  summer  and  autumn)  sea-bathing  may  be 
added.  Tincture  of  perchloride  of  iron  is  a valuable  remedy  in 

incontinence  of  urine. 

When  convulsions  threaten  or  occur,  the  bowels  should  be  freely  moved 
by  a dose  of  calomel  or  croton  oil,  the  state  of  the  bladder  should  be 
attended  to,  and  congestion  of  the  kidneys  should  be  relieved  by  dry- 
cupping and  poulticing,  the  hot-air  bath,  or  the  hot  wet  pack ; while 
theii‘  action  is  promoted  by  copious  draughts  of  water,  saline  diuretics, 
and  digitalis.  In  urotropin  we  certainly  possess  an  antiseptic  and  diuretic 
of  much  value.  Wet-cupping  has  been  practised  with  success  for  the 
relief  of  commlsions.  Alfred  Hudson,  in  1837,  recorded  a case  of 
recovery  after  two  severe  fits  of  convulsions  in  typhus  after  the  abstrac- 
tion of  ten  ounces  of  blood  from  the  neck  by  wet-cupping  and  purging 
with  calomel. 

Bed-sores  may  be  avoided  by  careful  nursing,  and  by  using  a water- 
bed  or  a woven  udre  mattress.  The  threatened  parts  should  be  kept 
scrupulously  clean  and  dry.  They  may  be  painted  twice  a day  with  a 
solution  of  one  part  of  sheet  gutta-percha  in  eight  parts  of  pure  chloro- 
form, or  equal  parts  of  white  of  egg  and  rectified  spirit,  or  equal  parts  of 
collodion  and  castor  oil.  When  bed-sores  have  formed  and  are  sloughing, 
they  should  be  washed  and  dressed  antiseptically.  Carbolised  oil  (2^  per 
cent),  or  a mixture  of  two  parts  of  castor  oil  and  one  of  balsam  of  Peru, 
may  be  applied  on  lint  as  a stimulating  dressing.  Boric  acid  freely 
dusted  over  the  cleansed  bed-sore,  is  an  excellent  antiseptic.  These 
dressings  should  be  covered  Aidth  a layer  of  oiled  silk  or  protective  ; or  by. 
a poultice  less  septic  than  linseed-meal,  such  as  the  yeast,  carrot,  chlorine, 
or  charcoal  cataplasm. 

Phlegmasia  dolens  and  thrombosis  of  the  veins  of  the  lower  extremity 
are  best  treated  by  raising  the  affected  limb  on  a gentle  incline,  envelop- 
ing it  in  wadding,  and  applying  a long  wide  flannel  bandage  from  the 
foot  upwards.  Strips  of  lint,  smeared  with  equal  parts  of  glycerin  and 
extract  of  belladonna,  may  be  laid  along  the  hard,  painful,  cord-like  swelling, 
and  covered  ^vith  the  flannel  swathe  as  before. 

oedema  of  the  lower  extremities  generally  yields  to  a generous  diet 
and  tonics,  such  as  iron,  quinine,  and  strychnine. 

During  convalescence  from  typhus  the  patient  should  be  warned 
against  assuming  the  upright  po.sition  too  soon,  and  against  exposure  to 
cold.  The  returning  apjictitc  should  be  controlled  for  the  first  two  or 
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three  days.  After  that,  should  the  tongue  be  clean  and  the  pulse  quiet, 
a piece  of  boiled  white  fish,  or  chicken,  or  the  central  part  of  a tender 
mutton  chop  may  be  allowed.  Costive  bowels  should  be  relieved  by 
sipping  water  in  mouthfuls  frequently,  or  by  enemas  of  cold  water. 
Tonics  may  be  given  with  advantage ; but  of  these  the  most  effectual 
are  exercise  in  the  open  air,  and  change  to  the  country,  the  seaside,  or 
the  mountains. 

John  W.  Moore. 
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INFECTIOUS  CORYZA 

By  Dawson  Williams,  M.D.,  F.R.C.P. 

Definition.  — By  a common  cold  is  understood  the  general  disorder 
attending  an  acute  infective  catarrh  of  the  upper  respiratory  passages, 
but  especially  the  nasal  cavities. 

Etiology. — The  disease  may  be  acquired  by  contagion  or  infection 
from  a person  already  suffering,  that  is  by  the  transference  of  the  in- 
fective agent  from  the  sick  to  the  healthy,  by  contact  as  in  kissing,  by 
infection  through  the  air,  or  by  fomites.  It  may  also  originate  de  novo 
in  a susceptible  person  as  a consequence  of  exposure  to  cold,  in  Avhich 
case  it  must  be  assumed  that  the  infective  agent  ivas  already  present  m. 
the  nose  or  pharynx. 
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It  is  generally  recognised  both  by  the  laity  and  by  the  medical  pro- 
fession that  sudden  exposure  to  cold  under  certain  conditions — what  is 
called  a chill — may  be  followed  by  symptoms  of  very  varied  character. 
In  one  man  it  is  followed  by  coiyza,  in  another  by  bronchitis,  in  a third 
by  giistro-intestinal  disturbance  manifested  by  constipation  or  by  diari'hcea, 
in  a fourth  by  rheumatic  pains  in  joints  or  muscles  or  by  lumbago,  in  a 
fifth  by  a bout  of  headache ; moreover,  the  same  individual  may  suffer 
from  any  one  of  these  misfortunes  at  different  times  after  exposures 
which  appear  identical.  But,  though  the  causal  connexions  are  generally 
admitted,  the  nature  of  the  nexus  presents  a difficulty  even  to  laymen, 
and  the  prudent  physician  will  be  more  disposed  to  admit  its  existence 
than  to  attempt  to  exjrlain  its  nature. 

The  common  expression  “ I have  caught  cold  ” seems  at  first  sight  to 
imply  the  idea  of  infection,  but  a little  examination  will  prove  that  the 
verb  is  used  in  a double  sense.  Sometimes  the  speaker  means  to  imply 
that  he  has  contracted  infection  from  another  sufferer,  sometimes  that  he 
has  been  exposed  to  cold  under  conditions  Avhich,  as  experience  has  taught 
him,  are  followed  by  coryza,  and  that  he  alread}'  feels  the  preliminary  or 
premonitory  dryness  of  the  nasal  mucous  membrane. 

The  most  efficient  conditions  appear  to  be  the  combination  of  damp 
clothes  Avith  cold  and  fatigue,  as  when  a man  who  has  perspired  freely 
after  exercise  has  to  drive  in  an  open  carriage ; or  a golfer  who  has  been 
wetted  by  a heaA-y  shower  is  held  up  by  a slow  fom’some.  Coryza, 
gasti’o-intestinal  disturbance,  rheumatic  pains,  or  headache  may  folloAv. 
A draught  beating  on  the  head  is  more  likely  to  be  folloAved  by  coryza. 
Without  doubt  coryza  thus  started  de  novo  is  sometimes  communicable  to 
others.  A man  Avho  “starts  a cold,”  as  is  said,  takes  it  home,  and  gives 
it  to  his  family.  The  suspicion  therefore  naturally  arises  that  the  con- 
dition which  proved  infectious  to  others  is  an  infective,  that  is  to  say  a 
microbic,  process  in  the  first  sufferer.  The  common  foAvl  is  not  under 
ordinar}’’  conditions  susceptible  to  anthrax,  but  Pasteur  succeeded  in 
causing  development  of  the  disease  in  a cock  by  keeping  it  for  a night 
Avith  its  feet  in  cold  water.  The'  ease  and  frequency  Avith  which  the 
infective  process  is  set  up  varies  very  much  in  different  individuals  and 
in  different  conditions  of  health ; that  is  to  say,  predisposition  plays  a 
considerable  part.  Among  predisposing  causes  the  gouty  dyscrasia,  OAving 
no  doubt  to  the  liability  to  catarrh  by  which  it  is  accompanied,  is  so 
important  that  some  have  been  betrayed  into  the  belief  that  feverish 
cold  seldom  or  never  occurs  except  in  gouty  persons.  A lax  habit  of 
body,  evidenced  by  general  Avant  of  tone  and  free  perspiration  on  slight 
exertion,  is  also  a disposing  cause,  and  in  children  an  excess  of  starch  in 
the  diet.  There  seems  reason  to  believe  that  to  live  habitually  or  for 
many  hours  a day  in  an  atmosphere  unduly  dry  disposes  to  coryza ; this 
may  perhaps  be  accounted  for  by  a diminution  of  the  mucous  secretion 
of  the  nftsal  pa.ssages,  Avhich  not  only  has  a mechanical  deterrent  action 
but  also  po.sse8ses  some  bactericidal  poAver.  Infectious  coryza  is  parti- 
cularly frequent  in  Great  Britain  during  the  prevalence  of  the  cold,  dry 
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Arctic  wind,  commonly  known  and  dreaded  as  the  east  wind.  Its 
danger  is  twofold,  general  and  local  j general  because  being  not  only 
cold  but  diy  it  promotes  rapid  evaporation  from  the  skin,  often  moist 
from  the  effect  of  a bright  sun,  which  is  even  hot  in  sheltei-ed  places, 
and  local  by  drying  the  nasal  mucous  membrane  and  checking  the 
secretion  of  mucus. 

The  determining  cause  is  very  frequently  a sudden  chilling  of  the 
surface.  This  is  most  often  produced  by  sitting  in  a draught  or  driving 
in  a cold  wind,  especially  when  the  clothing  is  moist  from  perspiration  or 
rain,  the  loss  of  heat  due  to  the  low  temperature  of  the  air  being  then 
greatly  increased  by  the  rapid  evaporation  produced  by  the  current  of 
air.  In  a predisposed  person  mere  sitting  or  standing  in  a cold  room 
can  determine  an  attack.  It  is  sometimes  difficult  to  say  whether  in  a 
particular  attack  the  infection  is  acquired  or  autochthonous.  A person 
who  has  spent  an  hour  or  two  in  one  of  the  crowded,  overheated,  and 
ill-ventilated  buildings  in  which  public  meetings  and  religious  services 
are  commonly  held,  often  attributes  the  subsequent  cold  to  chill  on  leav- 
ing the  hot  room  for  the  cold  outer  air,  but  it  is  as  likely  to  be  due  to 
infection  contracted  from  some  other  member  of  the  audience.  It  is 
estimated  that  in  normal  circumstances  in  the  adult  73  per  cent  of  the 
total  loss  of  heat  is  by  radiation  and  convection,  and  10  to  20  per  cent 
by  evaporation  from  the  skin  and  respiratory  tract.  In  a crowded  room 
the  temperature  of  the  air  rises,  and  it  is  saturated,  or  nearly  satm’ated, 
with  moisture  at  this  high  temperature.  The  clothes,  therefore,  contain 
a large  amount  of  moisture,  derived  partly  from  the  moist  air  and  partly 
from  perspiration.  On  going  into  a drier  atmosphere  the  loss  of  heat  by 
evaporation  from  the  clothes  must  be  very  great,  producing  a rapid  chill- 
ing of  the  skin,  which  stops  perspiration. 

Recent  investigations  (5)  have  proved  that  the  unpleasant  sensations 
produced  by  the  atmosphere  of  a crowded  room  are  due  not  to  an 
accumulation  of  carbonic  dioxide  nor  to  the  malodorous  exhalations  of 
the  human  body,  l)ut  to  an  excess  in  the  temperature  and  the  humidity 
of  the  air.  The  body-temperature  is  kept  constant  by  the  establishment 
of  a balance  between  the  internal  production  of  heat  and  its  loss  by  the 
lungs  and  skin ; this  balance  is  controlled  by  the  nervous  system  through 
the  vasomotor  apparatus.  All  the  energy  expended  in  internal  work  is 
converted  into  heat,  and  at  ordinary  air-temperatures  therefore  heat  must 
be  continually  eliminated.  One  function  of  the  surrounding  atmosphere 
is  to  carry  away  heat  from  the  body,  mainly  by  convection.  An  increase 
in  the  temperature  and  humidity  of  the  surrounding  air  beyond  a certain 
limit  diminishes  its  power  of  removing  heat  from  the  body.  Mere  rise  of 
air-temperature  does  not  produce  the  unpleasant  sensations  with  which 
every  one  is  familiar  in  a crowded  room  or  hall : the  higher  temperature 
leads  to  an  almost  instantaneous  readjustment  of  the  thermotaxic 
mechanism,  mainly  by  increased  perspiration  and  its  more  rapid  evapora- 
tion. Experiments  prove  that  with  a given  degree  of  relative  humidity 
the  unpleasant  sensations  are  more  readily  induced  the  higher  the 
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temperature  of  the  air.  It  appears,  then,  safe  to  assume  that  in  the 
process  of  catching  cold,  except  in  those  cases  in  ■\vhicli  the  infective 
agent  is  more  or  less  directly  transferred  from  the  sufferer  to  the  victim, 
the  initial  disturbance  is  nervous : the  heat-regulating  mechanism  is 
thrown  out  of  gear,  and  a condition  of  vasomotor  instability  is  iiroduced. 
Dr.  Haldane  has  shewn  that  in  a hot,  moist  atmosphere,  such  as  prevails 
in  deep  Cornish  mines,  the  body-temjjerature  rises,  it  may  be  as  much  as 
4^  or  even  5°  F.,  and  that  this  occurs,  though  to  a less  degree,  even  when 
no  work  is  done.  On  entering  a cooler  atmosphere  the  body-temperature 
declines  gradually,  but  does  not  reach  normal  for  an  hour  or  more.  In 
the  warm  atmosphere  there  is  well-marked  diminution  of  activity,  both 
mental  and  muscular,  and  a feeling  of  general  slackness  and  indifference, 
often  accompanied,  at  any  rate  in  those  not  habituated  to  the  high 
temperature,  by  dyspnoea  on  exertion.  Some  of  Dr.  Haldane’s  experi- 
ments were  followed  by  headache  lasting  until  night.  Under  the  con- 
ditions described  there  is  ob\dously  a very  marked  disturbance  of  heat- 
regidation,  and  the  analogy  between  these  conditions  and  those  of  many 
places  of  public  assembly  will  not  escape  notice. 

Bacteriology  has  not  as  yet  done  much  to  elucidate  the  etiology  of  in- 
fectious colds,  but  it  seems  to  be  proved  that  in  different  cases  the  same 
familiar  symptoms  may  be  due  to  the  presence  and  development  of 
several  distinct  micro-organisms.  Of  these  the  most  important  may 
possibly  prove  to  be  a Gram-negative  coccus  found  by  Kirchner  in  1890 
in  a series  of  cases  of  the  influenza  type.  It  was  afterwards  found  by 
E.  Pfeiffer  in  enormous  numbers  in  certain  mild  cases  of  bronchitis,  and 
named  by  him  Micrococcus  catarrhalis.  The  same  organism  was  found  as 
the  uniform  causal  agent  in  an  epidemic  in  East  Hertfordshire  in  1905, 
described  by  Drs.  Dunn  and  Gordon.  The  clinical  features  of  the 
epidemic,  as  reported  by  Dr.  Dunn,  resembled  those  of  influenza ; while 
Dr.  Gordon  found  that  at  the  height  of  the  attack  the  Micrococcus 
catarrhalis  might  be  present  in  the  nasal  mucus  in  such  enormous 
numbers  that  the  microscopical  appearance  resembled  an  artificial  culture. 
Dr.  Cautley  found  in  the  nasal  secretions  of  seven  out  of  eight  cases  of 
feverish  catarrh,  designated  influenza  cold,  occurring  in  London  in  1893 
after  subsidence  of  an  epidemic  of  influenza,  a segmented  bacillus  belong- 
ing to  the  diphtheria  group,  since  recognised  by  Dr.  Benham  in  another 
series  of  cases  of  infectious  coryza  of  rather  severe  type,  and  by  Dr. 
Prosser  White  in  seventeen  out  of  twenty-one  cases  examined  by  him. 
Dr.  Allen,  who  studied  three  separate  severe  local  epidemics,  isolated 
the  Micrococcus  catairhalis  with  ease  from  each  case  examined  in  one 
epidemic,  but  in  the  other  two  found  Friedlander’s  pneumobacillus  in 
every  ca.se  during  the  first  twenty-four  hours  and  sometimes  later. 
Dr.  Gordon,  following  out  the  observ'ations  of  Fliigge,  has  shewn 
(6)  that  in  speaking  minute  particles  of  saliva  are,  as  it  were,  sprayed 
into  the  air,  and  that  in  loud  articulation  this  spray,  carrying  with 
it  of  course  any  bacteria  present  in  the  saliva,  may  be  wafted  to  a 
distance  as  great  as  40  feet  by  air  currents,  such  as  exist  in  ordinary 
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rooms  with  closed  windows  and  no  artificial  ventilation.  An  ill-ventilated 
room  with  its  hot  moist  atmosphere  supplies  therefore,  if  an  infected 
speaker  be  present,  the  two  conditions  required  to  cause  a healthy  person 
to  contract  coryza:  (1)  air-conditions  of  temperature  and  moisture  which 
tend  to  disturb  the  heat-regulating  mechanism,  and  (2)  the  infective  agent, 
in  this  case  disseminated  through  the  air. 

Symptoms. — The  early  symptoms  may  be  merely  those  of  irritation 
of  the  nasal  mucous  membrane,  such  as  are  produced  by  mechanical  or 
chemical  irritants  ; that  is  to  say,  repeated  sneezing  followed  by  a copious 
watery  discharge.  In  some  such  cases  recovery  ensues  in  a few  hours  or 
after  a night’s  rest;  they  are  attended  by  little  or  no  constitutional 
disturbance,  and  are  perhaps  of  the  same  nature  as  attacks  of  asthma ; 
Trousseau  held  that  they  Avere  irregular  manifestations  of  that  disorder, 
and  occurred  usually  in  individuals  subject  to  it.  The  opinion  may 
perhaps,  without  too  much  presumption,  be  hazarded  that  the  limitation 
suggested  is  unnecessary.  It  must  be  a very  common  experience  to  go 
to  bed  with  all  or  many  of  the  symptoms  of  a commencing  cold,  and  to 
Avake  up  without  them ; the  preliminary  vasomotor  disturbance  Avhich 
paves  the  Avay  has  occurred,  but  either  because  it  Avas  not  sufficiently 
profound  or  because  the  infective  agent  was  not  present,  the  infective 
process  does  not  develop  and  the  rest  and  uniform  temperature  enable 
the  heat-regulating  mechanism  to  recover  its  equilibrium. 

In  ordinary  cases  of  coryza  the  first  sign  is  congestion  of  the  mucous 
membrane,  which  is  dry  but  so  sAvollen  as  to  block  the  passages,  causing 
tlie  well-known  characteristic  imperfection  in  the  pronunciation  of  the 
nasal  consonants.  Smell  is  abolished,  and  taste  perverted  or  lost.  If 
the  catarrh  invade  the  frontal  sinuses  the  patient  complains  of  tense 
frontal  headache,  or  heaviness  in  the  head ; and  there  is  often,  especially 
in  children  and  old  people,  some  drowsiness.  Such  a patient  is  commonly 
said  to  have  a heavy  cold.  In  other  cases  the  inflammation  extends 
to  the  antrum  of  Highmore,  causing  pain  in  the  cheek  and  aching  in 
the  canine  and  perhaps  other  teeth  of  the  upper  jaAv  on  the  same  side. 
When  this  complication  has  once  been  produced  it  is  very  apt  to  recur 
in  subsequent  attacks.  The  catarrhal  inflammation  may  extend  along 
the  lacrimal  passages  to  the  conjunotivce,  so  that  the  eyes  feel  hot  and 
gritty ; or  the  dryness  of  the  conjunctiva  may  be  a very  early,  some- 
times apparently  the  initial,  symptom  (cf.  hay  fever).  Blocking  of 
the  Eustachian  tube  is  also  a common  occurrence,  producing  slight 
deafness  and  sometimes  tinnitus.  The  catarrh  may  extend  to  the  larynx 
and  trachea.  In  some  attacks  the  catarrhal  process  seems  to  spread 
by  regular  stages  beginning  in  the  nose,  then  attacking  the  pharynx, 
larynx,  and  even  the  trachea  in  succession ; or  it  begins  in  the  larynx, 
extending  upAvards  in  the  course  of  a few  hours,  as  is  often  observed 
also  in  true  influenza.  In  other  attacks,  again,  the  catarrh  seems  to  begin 
in  the  jaharynx  and  to  radiate  forwards  to  the  nose  and  conjuncti^^a,  and 
dowiiAvards  to  the  larynx.  With  this  spreading  type  the  region  first 
attacked  may  have  almost  recovered  Avhile  others  are  in  the  acute  stage. 
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In  nil  save  the  slightest  cases  of  coryza  there  is  some  constitutional 
disturbance  at  the  onset ; as  a rule  there  is  a chilly  feeling,  sometimes 
actual  shivering.  The  chilliness  maj^  be  attended  by  pallor  of  the 
surface  aiul  so-called  goose-skin.  This  is  followed  by  flushing  of  the 
skin,  which  is  dry  and  hot.  At  this  stage  there  is  usually  some  general 
malaise.  In  other  instances  the  constitutional  symptoms  are  more 
severe,  the  malaise  and  sense  of  illness  are  greater,  there  are  pains  in  the 
limbs  and  back  and  some  elevation  of  tem]>erature.  Such  a patient  is 
sjiid  to  have  a thorough  cold,  or  an  influenza  cold.  In  these  more  severe 
attacks  the  general  may  precede  the  local  symptoms,  which  at  the  onset 
are  often  slight. 

After  the  congested  condition  of  the  mucous  membrane  has  con- 
tinued for  some  hours,  or  it  may  be  a day  or  even  two,  a more  or  less 
copious,  thin,  acrid  discharge  is  gradually  established,  and  the  onset  of 
this  stage  is  commonly  attended  bj'^  sneezing,  and  frequently  by  copious 
lacrimation,  so  that  the  sufferer  sits  alternately  mopping  his  nose  and 
drying  his  eyes.  The  discharge  is  irritating,  and,  favoured  perhaps  by 
the  friction  of  the  handkerchief,  may  produce  a superficial  dermatitis  of 
the  upper  lip  and  cheek  and  excoriations  of  the  nostrils.  Eecovery  may 
now  rapidly  ensue,  or  the  catarrh  may  continue  for  some  days,  the 
discharge  becoming  muco- purulent.  In  either  case  the  headache  and 
sense  of  fulness  in  the  nose  and  head  subside  more  or  less  rapidly  as  the 
discharge  becomes  established,  but  the  patient  commonly  remains  for 
some  days  in  a debilitated  state.  One  attack  seems  to  confer  no 
immunity,  and  the  prolonged  colds  from  which  some  people  suffer  appear 
to  be  due  to  repeated  infections  or  relapses. 

Prevention. — Isolated  communities  may  be  free  for  years  from  this 
disorder,  which  becomes  epidemic  after  the  arrival  of  strangers.  For 
example,  Dr.  E.  A.  AVilson  states  that  the  crew  of  the  Discovery  during  the 
recent  Antarctic  expedition  remained,  except  on  two  occasions,  entirely  free 
from  colds  from  the  time  the  ship  entered  the  ice  until  it  reached  New 
Zealand,  two  and  a half  years  later.  The  exceptions,  as  he  says,  were 
remarkable,  and  may  be  related  in  his  own  words:  “On  the  occasion  of 
our  unpacking  a large  bale  of  woollen  clothing,  long  after  we  had  been 
in  the  ice,  a very  -virulent  form  of  nasal  catarrh  ran  through  the  whole 
ship’s  company.  Undoubtedly  in  this  case  the  infection  was  in  the 
clothing.  On  the  second  occasion  the  catarrh  was  accounted  for  by  the 
fact  that  our  wardroom  carpet  was  taken  up  for  beating,  and  the 
infection,  which  had  lain  dormant  for  many  months,  was  liberated,  and 
had  the  usual  effect.”  The  majority  of  the  crew  were  infected,  and  the 
attack  on  one  occasion  was  very  severe,  with  pronounced  aching  in  the 
limbs  and  body  and  much  indisposition.  In  civilised  communities  under 
ordinary  conditions  of  life,  especially  in  towns,  it  is  practically  impossible 
to  avoid  the  risk  of  infection  ; but  the  possibility  of  preventing  infection 
by  isolation  should  be  borne  in  mind  in  the  case  of  delicate  children  and 
old  persons,  especially  during  any  season  when  infectious  colds  are 
prevalent.  An  extreme  pronciiess  to  coryza,  as  has  been  said,  may  in 
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children  be  due  to  an  excess  of  starch  in  the  diet,  and  in  adults  to  a 
gouty  tendency ; in  either  case  suitable  modifications  of  the  diet  will 
bo  attended  by  satisfactory  results.  To  habituate  oneself  to  fresh  air 
at  all  times  and  in  all  places  is,  however,  the  best  preventive  j the 
love  of  heated,  ill-ventilated  rooms,  of  heavy  clothes,  and  generally  of 
what  is  commonly  called  “ coddling  ” undoubtedly  disposes  the  victim  to 
contract  infectious  colds  on  slight  exposure ; whereas  open-air  habits  have 
the  opposite  effect,  insomuch  that  a person  sufficiently  hardened  may 
acquire  the  power  of  sitting  in  draughts  with  impunity.  Proneness  to 
catch  cold  may  be  due  to  the  existence  of  local  conditions,  chronic 
rhinitis  or  naso-pharyngeal  catarrh,  adenoids  or  enlarged  tonsils ; in  such 
cases  surgical  treatment  greatly  diminishes  the  predisposition. 

Treatment. — The  general  treatment  ought  not  to  be  conducted  on 
any  routine  plan.  No  doubt  it  is  best  even  for  the  most  robust  stricken 
by  a severe  “ thorough  ” or  “ heavy  ” cold  to  spend  a day  in  bed  and 
another  in  the  house,  especially  if  the  weather  be  inclement ; and  it  is 
wise  to  take  the  same  precaution  with  old  people  and  with  delicate 
children.  But  it  is  at  least  a matter  for  consideration  whether  open-air 
treatment  is  not  far  preferable  for  a patient  of  sound  constitution  suffer- 
ing from  a cold  of  no  more  than  moderate  severity : the  open  air  by  day 
and  the  open  window  by  night.  The  diet  should  be  light  and  simple ; 
the  old  advice  to  feed  a cold  and  starve  a fever  being  certainly  mistaken. 

There  is  no  line  of  treatment  by  drugs  the  efficacy  of  which  is 
generally  recognised.  The  views  and  practice  of  domestic  authorities 
are  as  discordant  as  those  of  medical  practitioners.  Many  popular 
methods  rest  upon  the  belief  that  if  the  hot,  dry  skin  of  the  early  stage 
can  be  made  to  perspire  the  symptoms  will  be  alleviated,  even  if  the 
attack  be  not  cut  short ; with  this  object  in  view,  hot  draughts  containing 
spirit  of  nitrous  ether,  sal  volatile,  or  spirit  of  chloroform,  or  all  three  are 
given,  or  a dose  of  Dover’s  pcnvder.  By  some  it  is  thought  that  small 
doses  of  belladonna  frequently  repeated  and  combined  with  diffusible 
stimulants  are  useful.  Others  pin  their  faith  to  a dose  of  opium  at  bed- 
time, followed  by  a saline  aperient  in  the  morning.  If  the  patient  be,  as 
is  the  rule,  constipated,  a brisk  purge  is  indicated,  and  it  is  possible  that 
mercury  has  some  beneficial  effect  on  the  specific  process.  In  gouty 
persons  calomel  is  to  be  preferred,  the  dose  being  adjusted  to  their  idio- 
syncrasies, as  to  which  they  have  commonly  very  definite  information. 
Salicin  and  the  salicylates  are  useful  in  the  early  stage,  especially  perhaps 
in  those  cases  in  which  there  are  aches  and  pains  in  limbs  and  back ; 
salicyl-acetic  acid  (aspirin)  has  gained  a certain  reputation  and  is  less 
depressing  than  sodium  salicylate.  Quinine  or  quinine  salicylate  may 
be  useful  in  some  cases.  Camphor  appears  to  have  a specific  though 
evanescent  action  : it  is  an  old-fashioned  remedy  given  internally 

(spiritus  camphorse  x-xvpp)  with  spirit  of  chloroform  and  aromatic  spirit 
of  ammonia  in  water ; it  is  also  used  locally,  and  for  this  purpose  it  is 
recommended  to  snift’  up  from  the  finger  a small  quantity  of  a saturated 
solution  in  rectified  spirit. 
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Local  treatment  by  antiseptics  has  had  many  advocates,  especially  in 
recent  years  ; for  this  purpose  carbolic  acid  1 in  40  (with  a little  gl3'cerin), 
resorcin  5 grs.  to  3i.  with  an  alkali,  and  formalin  1 in  40  have  been 
recommended,  sprayed  well  into  the  nostrils.  Ferrier’s  snufl’,  consisting 
of  bismuthi  subnit.  3vi.,  pulv.  gum.  acacirn  3ii->  morphinm  hydrochlor. 
gr.  ii.  to  M'hich  cocaine  gr.  ii.  is  sometimes  added,  was  formerly  very 
much  used,  but  has  to  a large  extent  been  replaced  by  snuffs  containing 
menthol  with  or  without  adrenalin,  both  drugs  being  chosen  for  their 
local  astringent  action. 

The  debility  left  after  a bad  cold  may  be  combated  by  tonics,  but  in 
robust  persons  a change  of  air,  as  from  a city  to  the  seaside,  is  the  most 
effective  remedy  and  commonly  acts  with  great  rapidity. 

Dawson  Williams. 
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WHOOPING-COUGH 

By  Eustace  Smith,  M.D.,  F.R.C.P. 

Synonyms. — Lat.  Pertussis  infantupi ; Fr.  Coqueluche  ; Germ.  Keuchhusten. 

Whooping-cough,  an  acute  and  highly  infectious  complaint,  occurs,  like 
other  zymotic  diseases,  in  epidemics,  and  runs  a definite  course.  Its 
special  characters  are  severe  general  catarrh  of  the  air-passages  combined 
with  laryngeal  spasm  and  other  signs  of  nervous  disturbance.  The  com- 
plaint usually  attacks  children,  and  is  rarely  seen  twice  in  the  same 
individual.  It  is  therefore  uncommon  to  find  a grown-up  person  suffering 
from  it ; but  young  and  middle-aged  adults,  and  even  quite  old  people, 
may  sometimes  be  affected.  In  them  the  symptoms  are  much  the  same 
as  those  noticed  in  the  child,  but  there  is  a less  tendency  to  dangerous 
complications. 

Etiology. — Whooping-cough  is  undoubtedly  the  result  of  a specific 
viriLs,  and  many  attempts  have  been  made  to  determine  the  nature  of  the 
infecting  agent.  Examination  of  the  sputum  during  the  convulsive 
stage  has  proved  the  existence  of  various  kinds  of  micro-organisms.  Carl 
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Burger,  of  Bonn,  found  an  elongated  bacillus,  isolated  or  in  chains ; and 
Afanassieff  made  cultures  of  a similar  microbe,  and  injecting  this  into 
the  windpipe  of  dogs  and  rabbits,  succeeded  in  producing  symptoms 
exactly  resembling  those  of  pertussis.  Eitter  examined  the  sputum  from 
the  bronchi  and  lower  third  of  the  trachea,  and  discovered  very  small 
diplococci,  which  were  often  arranged  in  straight  or  clustered  chains. 
He,  too,  succeeded  in  cultivating  the  microbe,  and  could  reproduce  the 
disease  with  it  in  dogs.  Unfortunately  this  result  is  not  conclusive  as  to 
the  real  natiu’e  of  the  organism,  for  in  the  dog  it  is  said  that  various 
agents  will  set  up  an  apparently  chai'acteristic  whooping-cough.  A 
streptococcus  which  forms  both  long  and  short  chains  has  been  discovered 
by  Cohn  and  Neumann ; but  these  observers  hesitate  to  declare  it  to  be 
the  specific  cause  of  the  disease.  The  virus,  whatever  it  may  be,  seems  to 
be  thrown  off  from  the  air-passages  and  conveyed  perhaps  by  the  breath, 
certainly  by  the  sputum.  That  it  is  highly  infectious,  especially  in  the 
earlier  period  of  the  illness,  there  can  be  no  doub\^;  and  facts  actually 
observed  have  shewn  that  it  can  be  conveyed  fromXhouse  to  house  by 
clothing.  In  all  probability  it  is  the  sputum,  far  more  than  the  breath, 
which  serves  as  the  medium  by  which  infection  is  conveyed.  If  means 
be  taken  to  disinfect  the  secretion  from  the  air-passages,  or  to  prevent  it 
from  coming  into  contact  with  healthy  children,  the  latter,  although 
living  in  the  same  house  Avith  the  sufferer,  will  probably  escape  the 
disease.  It  has  been  noticed  in  the  East  London  Hospital  for  Children 
that  whooping-cough,  when  admitted  accidentally  into  the  wards,  but 
rarely  spreads  to  the  beds  around. 

The  susceptibility  of  a child  to  the  complaint  varies  according  to  his 
age  and  physical  state.  Babies  and  the  younger  children  take  it  most 
readily,  so  that  it  is  far  more  common  before  the  sixth  or  seventh 
year  than  at  a later  age.  Strumous  subjects  are  more  susceptible  to  it 
than  children  of  stronger  constitution ; and  the  state  of  physical  depres- 
sion left  by  certain  diseases — by  measles  in  particulai- — seems  to  prepare 
the  child  for  ready  infection  by  the  whooping-cough  Aurus.  Epidemics 
are  more  common  in  the  spring  and  autumn  than  at  other  seasons ; and 
it  is  at  these  times  that  the  greater  proportion  of  deaths  occur,  for  sudden 
changes  in  atmospheric  conditions,  by  increasing  the  pulmonary  catarrh, 
add  to  the  intensity  of  the  disease. 

The  period  of  incubation  is  not  absolutely  fixed ; probably  it  varies 
in  different  individuals.  In  one  very  clear  case  noted  by  Bristowe 
the  period  was  exactly  a fortnight ; but  according  to  some  writers  it  may 
be  as  short  as  four  days.  The  infectiousness  of  the  complaint  begins  with 
the  earliest  symptoms.  It  is,  indeed,  in  this  the  early  non-spasmodic  stage 
that  the  child  is  most  likely  to  be  a source  of  danger  to  others;  for  when 
the  whoop  appeal’s  his  power  of  communicating  the  disease  begins  to 
decline.  Still  it  is  not  at  an  end  until  a period  of  at  least  six  weeks  has 
elapsed  from  the  beginning  of  the  attack. 

Morbid  Anatomy  and  Pathology. — In  cases  of  death  during  an  attack 
of  pertussis  the  iirincipal  lesions  depend  upon  the  complication  which  has 
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tleterminecl  the  fatal  issue.  In  the  uncomplicated  complaint  wo  find  only 
congestion  Avith  hypersecretion  of  the  mucous  membrane  lining  the  trachea 
and  bronchi ; a certain  amount  of  emphysema  and  collapse  of  lung,  dne 
to  the  ^nolence  of  the  cough  and  spasm,  and  swelling  of  the  bronchial 
glands.  Von  HertV,  from  laryngoscopic  observations  made  upon  himself 
diu’ing  an  attack,  found  that  in  the  earl}^  stage  there  were  traces  oidy  of 
catarrh  in  the  pharynx,  larynx,  and  trachea ; but  that  in  the  convulsive 
stage  the  catarrhal  inflammation  had  spread  to  the  lower  surface  of  the 
epiglottis  and  to  the  mucous  membrane  of  the  arytaenoid  cartilages  and  of 
the  cartilages  of  Santorini  and  Wrisberg.  In  the  paroxysm  the  mucous 
membrane  became  dark  red  and  covered  -with  transparent  mucus  ; and 
he  always  noticed  a yellowish  pellet  of  mucus,  the  size  of  a pea,  on  the 
posterior  wall  of  the  larynx.  Leuriaux  has  isolated  a bacillus  from  the 
mucous  secretions  in  this  complaint.  He  describes  it  as  a short,  thick, 
motile  rod  of  ovoid  form.  Gram-positive,  staining  Avell  with  aniline  dyes, 
and  growing  rapidly,  at  a temperature  of  .37°  C.,  upon  bouillon,  agar, 
gelatin,  etc. 

The  condition  of  the  blood  has  been  investigated  by  Frblich,  Meunier, 
and  others.  According  to  these  inquirers  a leucocytosis  is  present  in  all 
the  three  stages  of  the  disease.  It  is,  hoAvever,  most  marked  in  the 
paroxysmal  stage  and  shews  at  that  time  a high  percentage  of  large 
lymphocytes.  The  leucocytosis  gradually  ceases  as  the  disease  declines. 

The  exact  nature  of  whooping-cough  is  far  from  clear.  That  the 
disease  is  a general  one,  of  which  the  catarrhal  and  nervous  symptoms- 
are  the  direct  manifestations,  can  hardly  be  doubted.  The  virus  affects  in- 
piirticular  the  pulmonary  mucous  membrane  j and  the  peculiar  spasmodic 
cough  and  whoop  are  usually  referred  to  the  action  of  the  poison  upon 
the  peripheral  ends  of  the  pneumogastric  nerve.  But  inhibition  of  the- 
pneumogastric  does  not  explain  fully  all  the  phenomena  of  the  disease. 
There  are,  no  doubt,  cases  in  which  laryngeal  spasm  may  be  due  to  local 
irritation,  for  in  the  child  any  violent  cough,  such  as  that  set  up  by  the 
entrance  of  food  or  liquid  into  the  larynx,  may  be  followed  by  a whoop  ■, 
indeed,  in  some  children  it  seems  likely  that  a non-infectious  spasmodic 
cough  may  be  due  to  exceptional  sensitiveness  of  the  mucous  membrano 
in  and  about  the  glottis : but  in  the  real  whooping-cough  the  nervous 
element  is  not  limited  to  a mere  laryngeal  spasm.  The  excitability 
of  the  child,  and  the  curious  state  of  nervous  unrest  in  which  he 
remains  throughout  the  attack,  are  noticeable  features  of  the  illness ; 
and  the  paroxysms  are  marked  by  a general  agitation,  muscular  as 
well  as  nervous,  which  is  peculiar  and  characteristic.  This  general 
agitation  may  find  expression  in  convulsive  attacks  which  leave  no  ill 
consequences  behind,  or  in  a state  allied  to  tetony.  The  vomiting, 
tof>,  although  sometimes  perhaps  a reflex  act,  may  also  be  an  instance 
of  the  general  nervous  commotion.  That  it  is  not  a necessary  conse- 
qtience  of  laryngeal  irritation  and  spasm  is  shewn  in  the  case  of  the 
violent  cough  of  enlarged  bronchial  glands  which  is  not  followed  by 
retching  and  sickness.  Moreover,  in  whooping-cough  vomiting  does  not 
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always  find  its  place  at  the  end  of  the  fit  of  coughing ; sometimes  it 
occurs  at  the  beginning,  and  is  the  first  sign  of  the  coming  paroxysm. 
This  curious  point  seems  to  shew  that,  in  such  cases  at  any  rate,  vomiting 
is  the  result  not  of  mere  local  irritation  but  of  the  general  nervous 
effervescence  which  is  so  characteristic  of  the  disease. 

Symptoms. — The  early  symptoms  are  merely  those  of  an  ordinary 
cold  in  the  chest ; and  the  slight  elevation  of  temperature  (which  often 
stands  at  100°  or  101°  F.  in  the  evening)  is  that  common  to  the  beginning 
of  a mild  catarrh.  As  in  ordinary  chills,  the  gastric  mucous  membrane 
may  participate  iii  the  derangement,  so  that  the  patient  is  dull  and  languid, 
eats  little,  and  is  inclined  to  lie  about.  This  state  of  things  may  go 
on  for  a few  days  or  several  weeks,  the  cough  growing  more  and  more 
troublesome,  especially  at  night.  Examination  of  the  chest  reveals 
nothing  at  first;  later  there  may  be  a little  dry  rhonchus  here  and 
there  about  the  back.  The  greater  frequency  of  the  cough  at  night 
should  excite  some  suspicion.  In  the  day  the  cough  may  seem  of  little 
importance ; but  after  bed-time  it  is  heard  much  more  often,  and  is  then 
apt  to  assume  a convulsive  character  which  is  quite  absent  from  it  during 
the  waking  hours.  It  may  be  preceded  or  followed  by  violent  sneezing 
and  the  discharge  of  quantities  of  thick  mucus  from  the  nose. 

After  a time  the  spasmodic  stage  begins,  and  puts  an  end  at  once  to 
any  uncertainty  as  to  the  nature  of  the  child’s  complaint.  The  peculiar 
cough  of  pertussis  is  too  well  known  to  need  description.  It  bursts  out 
with  boisterous  violence  in  a quick  succession  of  short,  sharp  hacks  which 
drain  the  chest  of  air,  and  allow  of  no  inspiratory  relief.  When  the  dull, 
reddish-purple  tint  of  the  child’s  face  shews  that  the  siqiply  of  air  is 
almost  exhausted,  the  inspiratory  muscles  come  into  play,  and  air  is  drawn 
into  the  chest  with  the  characteristic  crovdng  sound.  The  paroxysm  may 
now  be  at  an  end  for  the  time,  but  in  bad  cases  the  lungs  are  no  sooner 
refilled  than  the  cough  begins  again  ; and  again  the  child’s  face  swells 
and  reddens,  and  grows  more  and  more  dusky  until,  when  he  seems  at 
his  last  gasp,  the  spasm  once  more  partially  relaxes  and  a new  supply  of 
air  is  taken  in.  In  this  way  all  the  distressing  phenomena  of  the  attack 
may  l)e  repeated,  perhaps  several  times,  before  the  child — -wet  with 
perspiration  and  quite  worn  out — sinks  back  wth  livid  lips  and  dark 
swollen  eyelids  in  his  nurse’s  arms.  If  an  infant,  the  patient  sleeps 
heavily  after  the  attack  is  over.  An  older  child  may  I’eturn  to  his  pl.ay, 
but  often  complains  of  headache. 

At  the  end  of  the  fit  of  coughing  the  patient  generally  vomits,  and 
sometimes  he  has  also  an  involuntary  action  of  the  bowels.  The  former 
.symptom  is  of  some  moment,  for,  if  the  vomiting  be  frequently  repeated, 
it  ma3^  make  the  work  of  nourishing  the  child  a very  anxious  and  difficult 
one.  The  ejected  matters  consist  of  the  food  taken  mixed  with  large 
quantities  of  thick,  ropy  mucus.  This  miicus  comes  in  part  fi’om  the 
lungs,  but  in  part  it  comes  from  the  stomach  ; for  a copious  Hux  from  the 
stomach  and  bowels  is  a common  feature  of  the  complaint. 

One  peculiarity  of  the  cough  is  the  child’s  evident  anxiety  to  stave  it 
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ott".  His  face  all  at  once  takes  on  a hard,  set  expression,  witli  fixed  eyes 
and  compressed  lips ; then,  as  the  desire  to  cough  becomes  more  and 
more  difficult  to  restrain,  his  cheeks  grow  red,  his  brows  contract,  and  his 
forehead  gets  moist.  Often,  as  the  cough  bursts  out,  there  is  a curious 
exhibition  of  nervous  distress.  The  child  may  clutch  his  mother’s  neck 
as  if  in  fear,  or  shiver  as  if  with  cold,  or  stamp  with  his  feet  upon  the 
ground  as  if  in  a fit  of  rage. 

During  the  access  the  pulse  becomes  very  rapid,  and  sometimes  can 
hardly  be  counted.  Examination  at  the  back  of  the  chest  at  this  time 
discovers  nothing  but  wheezing  sounds  so  long  as  the  cough  lasts,  while 
in  the  long  crowing  inspiration  all  sounds  are  lost  in  the  noise  of  the 
whoop.  Between  the  ai;tacks,  if  there  be  no  pulmonary  complications, 
the  percussion  note  is  slightly  hyper-resonant,  and  scanty  sonoro-sibilant 
rhonchus,  with  an  occasional  coarse  bubble  at  the  bases  of  the  liuigs,  is 
all  that  can  be  heard  vuth  the  stethoscope.  In  a doubtful  case  the 
marked  contrast  between  the  insignificance  of  the  physical  signs  and 
the  frequency  and  violence  of  the  cough  is  by  no  means  without  its  value 
in  diagnosis. 

In  some  children,  who  have  a disposition  to  hernia,  the  strain  of  the 
cough  may  cause  rupture ; and  the  intense  congestion  which  is  always 
induced  when  the  cough  is  jirolonged  often  ends  in  hiemorrhage.  Little 
cracks  in  the  lips  and  gums  invariably  bleed,  and  in  many  cases  there  is 
hiemorrhage  from  the  nose,  the  eyes,  the  mouth,  and  even  the  ears. 
Blood  from  the  mouth  comes,  as  a rule,  from  the  posterior  nares,  very 
rarely  from  the  lungs.  If  the  paroxysms  be  frequent  and  the  cough 
^■iolent,  the  face  may  remain  congested  in  the  intervals  between  the  attacks. 
The  eyes  are  injected  and  bloodshot,  the  lids  discoloured  and  swollen, 
and  the  cheeks  and  lips  a dusky  red.  In  these  cases  it  is  common  to 
find  signs  of  subcutaneous  extravasation.  There  may  be  ecchymosis  of 
the  conjunctiva,  and  small  haemorrhages  in  the  thickened  lids ; or  if  the 
strain  have  been  unusually  severe,  the  eyelids  may  be  mottled  piirple, 
green,  and  yellow,  and  the  sclerotics  stained  blood-red  -with  the  exception 
of  a narrow  white  circle  round  the  cprnea. 

There  is  one  sign,  occasionally  present  at  this  time,  Avhich  is  veiy 
characteristic  of  the  complaint ; this  is  a sublingual  ulceration.  The  sore 
is  seated  at  the  frsenum  of  the  tongue,  and  may  reach  for  a little  distance 
on  each  side  of  the  middle  line.  The  ulcer  is  only  seen  in  infants  at  the 
beginning  of  dentition,  when  no  teeth  but  the  two  central  incisors  have 
been  cut  in  the  lower  jaw,  and  is  due  to  the  scraping  of  these  teeth 
against  the  frajnum  as  the  tongue  is  protruded  and  withdrawn  during 
the  .strain  of  coughing.  It  is  never  seen  before  the  beginning  of  the 
s[Kisrno<lic  stage. 

The  number  of  the  paroxysms  and  the  frequency  of  their  return  vary 
partly  with  the  severity  of  the  attack,  and  partly  with  the  degi'ce  of 
judgment  shewn  in  the  management  of  the  patient.  Quiet,  rest,  and 
p.istirnes  which  amu.se  the  cliild  without  exciting  him,  help  to  reduce  the 
number  and  diminish  the  violence  of  the  seizures,  while  emotional  or 
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Other  disturbances  bring  on  his  cough  and  increase  the  worry  of  his- 
nervous  system.  The  recumbent  position,  too,  seems  to  favou.'.-  the  return 
of  the  cough,  and  currents  of  air  passing  across  his  face,  especially 
during  sleep,  are  apt  to  excite  it  at  once. 

In  difterent  cases  and,  indeed,  in  different  epidemics  there  is  gi’eat 
variety  in  the  severity  of  the  spasms.  Some  children  only  whoop  oc«i- 
sionally ; others  whoop  incessantly  and  -with  violence.  Young  infants 
whoop  seldom,  often  not  at  all.  As  a rule,  the  coughing  fits  are  longer 
at  the'  beginning  of  the  spasmodic  stage  than  towards  its  end  ; and  the 
diminution  in  the  violence  of  the  cough  may  be  noticed  to  coincide  Avith 
an  increase  in  the  quantity  and  tenacity  of  the  mucous  discharge.  In 
ordinary  cases  the  spasmodic  stage  lasts  about  a fortniglit.  Towards  the 
end  of  this  stage  the  whoop  only  accompanies  the  more  violent  fits  of 
coughing,  and  is  noticed  with  less  and  less  frequency  until  it  ceases  alto- 
gether. The  complaint  has  then  passed  into  the  stage  of  decline,  and,  if 
ordinary  prudence  be  shewn  by  the  child’s  attendants,  convalescence 
quickly  follows.  The  whole  time  occupied  by  the  attack  varies  from 
two  Aveeks  to  eight  or  even  ten ; but  the  child  is  probably  not  infectious 
after  the  sixth  Aveek.  In  all  cases  Avhere  the  disease  is  protracted  beyond 
the  normal  period  search  must  be  made  for  adenoid  groAvths  in  the  naso- 
pharyn.\.  It  is  my  experience  that  the  irritation  set  ixp  by  these  vege- 
tations is  often  the  cause  of  persistence  in  the  cough  and  spasm  after  the 
Avhooping-cough  proper  is  at  an  end. 

Complications. — In  the  course  of  Avhooping-cough  many  complications 
may  arise.  Gastric  disturbances  and  boAvel  complaints  may  give  trouble, 
serious  nervous  symptoms  are  not  uncommon,  and  various  secondary 
disorders  may  attack  the  lungs  and  put  the  child’s  life  at  once  into  danger. 

Disturbances  of  the  stomach  and  boAvels  are  the  commonest  of  com- 
plications. The  vomiting,  if  it  be  kept  Avithin  due  bounds,  is  of  little 
importance  ; but  if  it  take  place  Avith  each  access  of  cough,  and  this  be 
frequently  repeated,  the  difficulty  of  supplying  the  patient  Avith  sufficient 
nourishment  becomes  a serious  one.  This  difficulty  is  increased  by  the 
copious  mucous  secretion  Avhich  lines  the  Avails  of  the  stomach  and  inter- 
feres greatly  Avith  the  digestion  of  the  food  retained.  In  such  a state 
slight  chills  are  dangerous,  for  diarrhoea  is  easily  excited ; indeed,  a 
certain  looseness  of  the  boAAmls,  AAuth  the  passage  of  slimy  stools  contain- 
ing much  mucus  and  sometimes  Avorms,  is  a common  symjAtom  of  the 
disease.  As  a rule,  intercurrent  looseness  of  the  boAvels  is  not  serious,  but 
in  hot  Aveather  a very  severe  Avatery  diarrhoea  may  come  on.  This, 
Avhile  it  lasts,  may  suppress  all  laryngeal  and  pulmonary  symptoms,  as 
Dr.  E.  J.  Lee  has  pointed  out,  so  that  the  presence  of  Avhooping-congh 
may  not  even  be  suspected. 

In  neurotic  children  a marked  rise  in  temperature  often  accompanies 
the  development  of  any  gastric  derangement.  In  uncomplicated  Avhoop- 
ing-cough  the  temperature  is  not  elevated,  at  any  rate  after  the  first  feAv 
days,  so  that  any  increase  in  the  bodily  heat  may  bo  taken  as  a sign  of 
the  presence  of  some  disturbing  element.  This,  hoAVOA^er,  is  not  necessarily 
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of  ;i  dangerous  character,  even  if  the  temperature  reach  10-t  or  10o°  F. 
Such  a heat  with  headache  and  nausea,  perhaps  vague  bodily  pains  and 
loose  unhealthy  motions,  may  often  bo  quickly  relieved  by  a dose  of 
castor  oil. 

Nervous  accidents  are  common.  Almost  invariably  in  the  course  of 
the  disease  the  child  is  noticed  to  be  excitable  and  timorous,  curiously 
impressionable,  and  easily  startled.  In  such  a state  the  occurrence  of  a 
nervous  complication  is  not  to  be  wondered  at.  In  young  children  under 
two  yeai’s  of  age  we  often  find  exaggeration  of  the  laryngeal  spasm.  At 
the  end  of  the  fit  of  coughing  the  expected  whoop  is  delayed,  and  the 
child  remains  with  open  mouth,  staring  eyes,  and  haggard  dusky  face, 
making  agitated  movements  with  his  arms  until  a partial  relaxation  of 
the  glottis  allows  a certain  amount  of  air  to  penetrate  into  his  lungs. 
This  complication  is  in  any  case  a dangerous  one  ; but  if  it  be  combined 
with  inflammatory  mischief  within  the  chest  the  danger  is  great  indeed. 
Sometimes  the  spasm  is  followed  by  a state  of  more  or  less  complete 
syncope  or  b}'  a passing  loss  of  vi^on.  Severe  headache  is  not  un- 
common after  a paroxysm,  and,  according  to  Troitsk}^  there  may  be 
temporaiy  deafness. 

The  exalted  nervous  sensibility,  especially  if  combined  with  an  im- 
perfectly oxygenated  state  of  the  blood,  may  be  a cause  of  general 
coimdsions.  Convulsions  occurring  in  the  course  of  whooping-cough, 
although  necessarily  an  alarming  symptom,  are  not  always  dangerous. 
Cases  sometimes  occur  in  which  highl}'^  neurotic  children,  the  subjects  of 
pertussis,  are  seized  with  convidsions,  and  on  these  passing  off  seem  none 
the  worse  for  the  accident.  Some  of  these  children  may  be  slightly 
rickety,  but  this  is  not  always  the  case.  There  can  be  no  doubt  that  in 
whooping-cough,  as  in  rickets,  there  is  a heightened  nervous  impression- 
ability, and  that  in  such  a state  even  slight  additional  worries  may  upset 
the  balance  of  the  nervous  system.  Unfortunately  these  harmless  seizures 
are  the  exception,  and  not  the  rule.  In  most  cases  an  eclamptic  attack 
in  the  course  of  whooping-cough  announces  the  onset  of  some  dangerous 
complication.  In  this  Avay  convidsions  may  be  the  earliest  symptom  of 
embolism  of  cerebral  vessels,  of  cerebral  Inemorrhage,  of  thromliosis  of 
intracranial  sinuse.s,  of  difiuse  collapse  of  the  lung,  or  of  broncho- 
pneumonia. 

Violent  and  repeated  convulsions  may  have  dangerous  consequences, 
however  trifling  the  cause  which  has  set  them  up.  During  the  convulsive 
attack  the  strain  upon  the  blood-vessels,  as  shewn  by  the  turgid  state  of 
the  superficial  veins  of  the  face  and  neck,  must  be  very  severe.  If  this 
be  prolonged  or  frequently  repeated,  as  must  happen  during  a series  of 
such  attacks,  cerebral  hiemorrhage,  with  more  or  less  extensive  paralysis, 
may  ensue.  Or,  again,  cerebral  htemorrhage, directly  induced  by  the  violence 
of  the  acce.s3  of  cough,  may  precede  the  convulsions  and  be  the  immediate 
cause  of  them.  In  most  cases  of  the  kind  which  have  come  under  my 
notice  the  patient  has  been  deeply  cyanosed  during  the  paroxysm  of 
cough.  The  symptoms  arc  those  ordinarily  attendant  upon  intracranial 
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hsemorrhage,  and  the  paralysis  may  he  permanent  with  wasting  of  muscles 
and  rigidity  of  joints.  In  other  cases  complete  recovery  takes  place,  and 
sometimes  the  improvement  is  so  rapid  that  it  is  difficult  to  lielieve  that 
the  symptoms  could  have  been  due  to  a blood-clot  in  the  brain. 

Many  varieties  of  nerve-lesion  may  occur  in  the  course  of  whooping- 
cough,  and  their  pathology  is  often  obscure.  Troitsky,  in  an  interesting 
paper  on  this  subject,  speaks  of — (i.)  Hemiplegia  or  a more  limited 
paralysis  ; (ii.)  a form  of  psychical  blindness;  (iii.)  weakness  and  difficult}'^  in 
walking ; (iv.)  transitory  paralysis  in  all  the  limbs ; (v.)  loss  or  diminution 
of  sensibility.  I have  seen  a temporary  paresis  of  the  muscles  of  degluti- 
tion in  a teething  baby  of  four  months  old  who  was  nearing  the  end 
of  an  attack  of  pertussis.  The  child  had  previously  had  three  fits 
not  followed  by  ill  consequences.  The  paroxysms  of  cough  were  not 
violent,  and  there  was  no  tmsting  inwards  of  the  thumbs  or  other  sign  of 
nervous  worry  although  the  child  was  cutting  the  upper  incisors.  The 
power  of  swallowing  returned  after  twenty-four  hours.  In  another  case, 
a little  girl  of  two  years  was  seized  with  fits  of  maniacal  fury  and  behaved 
for  some  weeks  as  if  completely  distraught.  She  lost  her  sight,  too,  for 
a time  but  this  eventually  retiu'ned.  The  patient  left  the  hospital  when 
the  whooping-cough  was  at  an  end  and  was  lost  sight  of,  but  on  her  dis- 
charge she  was  still  subject  to  the  maniacal  attacks.  The  child  had 
always  been  normal  before  this  illness  and  there  was  no  family  neurotic 
history.  Moebius  has  recorded  a case  of  pertussis  complicated  by  ascend- 
ing paralysis  in  a child  of  three.  The  weakness  came  on  towards  the  end 
of  the  illness,  and  aft’ected  first  the  legs ; then,  as  these  improved,  the 
arms ; afterwards  the  muscles  of  the  neck ; and  finally  the  diaphragm,  so 
that  respiration  was  conducted  entirely  by  the  abdominal  and  intercostal 
muscles.  In  the  parts  affected  the  reflexes  were  lost,  but  sensibility  was 
preserved,  and  the  electrical  excitability  was  normal.  There  was  no 
atrophy  of  muscle  or  aS'ection  of  the  bladder  or  rectum.  The  case  ended 
in  rapid  and  complete  recovery,  and  Moebius  attributed  the  symptoms  to 
a multiple  neuritis.  Cases  have  also  been  published  by  Surmaj^,  Sparks, 
and  others,  in  which  nervous  symptoms  preceding  the  whooping-cough 
were  much  intensified  by  the  attack. 

Aphasia  sometimes  occurs,  and  is  usually  combined  with  hemiplegia ; 
but  Troitsky  refers  to  one  case  in  which  there  were  no  definite  symp- 
toms of  paralysis,  and  to  others  in  which  these  were  ill-defined.  The 
condition,  in  fact,  might  be  compared  to  that  met  with  sometimes  at  the 
end  of  enteric  fever. 

Although  mechanical  strain  upon  the  blood-vessels  is  often  the  direct 
cause  of  cerebral  lesions  it  is  not  always  during  the  height  of  the  par- 
oxysms that  these  accidents  happen.  Often,  indeed,  they  are  first  noticed 
only  when  the  complaint  is  in  its  decline,  or  even  nearing  its  close.  In 
such  cases  their  nature  is  not  very  clear,  but  similar  nervous  manifesta- 
tions have  been  found  after  other  infectious  fevers,  and  it  seems  probable 
that  they  may  be  caused  b}"^  toxins  which  set  up  inflammatory  changes 
in  the  central  nervous  system  or,  as  Lei’oux  has  suggested,  in  the 
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coats  of  the  blood-vessels.  According  to  A'alentin,  children  between 
the  ages  of  two  and  six  years  are  most  subject  to  misfortunes  of  this 
nature. 

The  pulmonary  lesions  foi-m  a very  important  group  of  complications, 
as  it  is  to  these  accidents  that  death  may  usually  be  attributed.  One  of 
the  most  common  of  these  is  collapse  of  the  lung.  In  every  case  where 
the  patient  is  very  young  and  the  spasm  violent,  imlmonary  collapse  is 
to  be  feared,  for  all  the  conditions  which  favour  the  lesion  are  present  at 
the  same  time.  At  the  end  of  every  prolonged  paroxysmal  cough  the 
lungs  are  almost  exhausted  of  their  air,  the  thick  mucus  in  the  tubes 
offers  an  obstacle  to  their  re- expansion,  and  the  consequent  state  of 
muscular  and  nervous  exhaustion  seriously  weakens  the  inspiratory 
power.  A healthy  infant,  however,  may  still  continue  to  carr}^  on  the 
respiratory  function  sufficiently,  although  not  without  effort ; but  if  the 
child  be  the  subject  of  rickets,  reinflation  of  lung  under  such  conditions 
and  mth  softened  ribs  is  often  impossible.  In  young  infants,  if  the 
jmlmonary  collapse  be  extensive,  its  occurrence  is  often  indicated  by  a 
comudsive  fit ; or  even,  if  the  area  affected  be  a very  large  one,  by  sudden 
death.  In  ordinary  cases,  where  the  collapsed  area  is  of  more  moderate 
extent,  the  infant  becomes  suddenly  still  and  cold  : his  face  is  dull  Avhite, 
his  lips  and  eyelids  are  purple,  his  breathing  is  rapid  and  very  shallow,  and 
his  nares  act.  The  skin  is  often  clammy  and  moist,  and  the  internal 
temperature  is  low.  The  child  can  only  be  fed  with  difficulty,  for  he  is 
unwilling  or  unable  to  swallow.  He  may  die  suddenly  from  syncope,  or 
slowly  from  gradual  extension  of  the  collapsed  area.  Often  the  end  is 
preceded  by  a convulsive  fit.  In  children  beyond  infancy  the  effect  of 
pulmonary  collapse  is  less  severe.  The  patient  is  stronger,  and,  more- 
over, a smaller  area  of  lung-tissue  is  involved.  The  younger  the  child  the 
gi’eater  the  depression  and  the  more  pronounced  the  signs  of  deficient 
aeration  of  the  blood  ; but  at  any  age  the  complication  is  one  to  be 
regarded  with  some  anxiety. 

While  in  infants  collapse  of  the  lung  is  the  common  complication,  in 
children  of  eighteen  months  and  upwards  bronchitis  and  catarrhal 
pneumonia  are  the  chief  intercurrent  lesions.  These,  no  doubt,  are  the 
consequence  of  a chill  which  causes  extension  of  catarrh  to  the  smaller 
tubes  and  alveoli  of  the  lung.  As  long  as  the  bronchitis  is  comparatively 
mild  the  whoop  continues,  and  the  symptoms  generally,  Avith  the  excep- 
tion of  a moderate  rise  of  temperature,  remain  much  as  before.  In  a 
.severe  bronchitis,  however,  the  Avhoop  is  suppressed,  and  all  the  sjmiptoms 
of  grave  pulmonary  catan-h  immediately  manifest  themselves.  If  broncho- 
pneumonia supervene  it  is  apt  to  occur  in  the  subacute  form  ; and, 
although  necessarily  a dangerous  complication,  may  end  favourably  in  a 
child  of  fairly  good  constitution.  In  the  jmeumonia  the  Avhoop  is  gener- 
ally suppressed,  but  it  may  happen  that  laryngeal  spasm,  with  or 
without  a modified  whoop,  persists  in  the  fits  of  coughing  in  spite  of  the 
occurrence  of  the  complication.  This,  it  is  needless  to  say,  adds  greatly 
to  the  danger  of  the  case. 
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Although  catarrhal  pneumonia  is  the  common  form  of  inflammation 
of  the  lung  met  with  in  pertussis,  croupous  pneumonia  may  occur.  Its 
onset  is  often  accompanied  by  violent  and  perhaps  repeated  convulsions ; 
but  the  course  of  this  form  of  pneumonia  is  comparatively  brief,  so  that, 
although  the  patient  may  seem  for  a time  to  be  in  extreme  danger,, 
recovery  is  by  no  means  impossible. 

The  pulmonary  emphysema,  which  is  almost  invariably  present  in  the 
upper  lobes  and  anterior  borders  of  the  lungs,  is  of  little  moment ; even  if 
the  smaller  tubes  participate  in  the  dilatation.  The  condition  is  prob- 
ably but  a temporary  one,  and  may  be  expected  to  subside  after  con- 
valescence has  been  established.  It  may  happen,  however,  that  in  an 
access  of  very  violent  cough  an  over -distended  air-cell  may  rupture, 
and  air  be  extravasated  into  the  subpleui’al  tissue : thence  it  may 
make  its  way,  by  the  areolar  tissue  of  the  anterior  mediastinum  and 
beneath  the  deeper  cervical  fascia,  to  the  subcutaneous  tissue  of  the  neck, 
the  chest,  the  arms,  the  face,  and  even  the  eyelids.  All  these  external 
jiarts  are  swollen,  soft  to  the  touch,  and  on  pressiu’e  give  the  crepitating 
sensation  so  characteristic  of  surgical  emphysema. 

Acute  parenchymatous  nephritis  is  an  occasional  complication  of 
whooping-cough,  and  according  to  Stefano  Mircoli  has  been  known 
to  occur  in  no  less  than  12  per  cent  of  the  cases.  This  observer  attri- 
butes the  lesion  to  venous  stasis  caused  by  the  obstruction  of  the  vena 
cava  through  the  violent  paroxysms  of  coughing. 

Sequels. — There  are  certain  consequences  of  pertussis  which  may 
give  trouble  after  the  disease  itself  is  over.  A constitutional  tendency 
previously  dormant  may  be  roused  into  activity.  Thus,  strumous  children 
may  begin  to  suffer  from  glandular  enlargements  and  chronic  discharges 
from  which  hitherto  they  had  been  free : acute  generalised  tuberculosis 
may  come  on — excited,  perhaps,  by  the  softening  of  a caseous  gland 
together  with  weakened  resisting  power  of  the  tissues  against  the 
invasion  of  the  microbe ; and  S37^philis  for  the  first  time  may  give  signs 
of  its  presence  in  the  system.  Enlarged  bronchial  glands  are  a common 
consequence  of  an  attack  of  whooping-cough,  and  chronic  pulmonary 
diseases — such  as  chronic  bronchitis  with  emphysema,  asthma,  chronic 
interstitial  pneumonia,  and  pulmonary  jjhthisis — not  seldom  owe  their 
origin  to  this  source. 

The  nervous  excitabilitj",  so  charaeteristic  of  pertussis,  does  not 
always  subside  when  the  disease  itself  comes  to  an  end.  Young  children 
may  suffer  from  laryngismus,  the  laryngeal  spasm  persisting  and  re- 
curring irregularly  without  cough.  In  most  of  these  cases  adenoid 
vegetations  will  be  found  in  the  naso-pharynx.  Older  children  may  be 
left  unusually  timid,  spiritless,  and  disposed  to  groundless  alarms. 
They  cry  without  reason,  and  arc  peevish  and  fretful  at  the  merest 
trifle.  Generally  they  are  afraid  of  the  dark,  and  even  in  daylight 
can  hardly  bear  to  be  left  alone.  These  signs  of  an  unsettled  nervous 
system  may  go  on  for  months,  although  in  other  respects  the  child  seems 
perfectly  well.  Often,  however,  the  symptoms  are  kept  up  or  even 
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made  worse,  by  a gastro-intestiiial  derangement  which  1 liavc  elsewhere 
described  under  the  name  of  “mucous  disease”  (15). 

Pertussis  is  so  especially  a complaint  of  childhood  that  its  occurrence 
in  adult  life,  if  not  very  uncommon,  is  always  une.xpected.  It  may, 
however,  be  met  with  at  any  age,  and  is  invariably  a tedious  malady, 
harassing  alike  to  the  suft'erer  and  to  his  medical  attendant.  In  its 
main  features  the  disease  is  the  same  Avhatever  the  age  of  the  ])atient ; 
but  after  the  period  of  childhood  comjjlications  are  rare.  There  is  the 
Siime  violence  of  cough,  and  the  nervous  agitation  during  the  paroxysm 
is  often  very  e\ndent ; but  the  spasm  is  less  energetic,  and  gives  way 
more  easily,  so  that  the  whoop  is  not  often  heard.  Vomiting,  too,  is  less 
common,  although  sometimes  the  patient  may  retch  at  the  end  of  the  fit 
of  coughing.  The  chief  complaint  is  of  disturbed  rest  at  night,  owing  to 
the  violence  and  frecpiency  of  the  paroxysms. 

Diagnosis. — In  the  early  period  of  the  attack  it  is  not  easy  to 
distinguish  between  pertussis  and  ordinary  tracheitis  or  a pulmonary 
catarrh.  The  whoop  is  not  a constant  feature  of  the  illness  : it  is  not 
heard  until  the  cough  is  fully  developed,  and,  indeed,  in  man}'^  cases  is 
never  heard  at  all.  Moreover,  in  the  child  laryngeal  irritation  may  set 
up  a certain  amount  of  spasm,  so  that  a crovdng  inspiration  at  the  end  of 
a cough  must  not  always  be  taken  to  imply  that  the  complaint  is  pertussis. 
Again,  vomiting  is  not  a test  symptom,  for  it  is  as  often  absent  as  present. 
Our  diagnosis  must  rest,  therefore,  upon  the  general  characters  of  the 
cough  itself,  especially  upon  its  gradual  development,  and  not  upon  the 
presence  or  absence  of  one  or  two  accidental  2)henomena.  The  cough  at 
the  first  is  mild  enough,  but  as  the  days  pass  it  gets  more  and  more 
frequent  and  less  and  less  easy  to  control.  The  most  striking  feature  is 
its  suddenness.  It  bursts  out  and  cannot  be  restrained ; and  as  it  goes 
on  the  cheeks  and  eyelids  grow  more  and  more  congested  and  red.  If  a 
child  be  said  to  cough  until  he  is  red  in  the  face  we  should  always  think 
of  this  complaint.  Again,  an  early  sign  of  pertussis  is  the  frequency  of  the 
cough  at  night.  If  a child  coughs  much  more  in  the  night  than  he  does 
in  the  day,  it  is  to  pertussis  that  our  thoughts  wmuld  naturally  turn.  The 
night  cough,  too,  is  often  more  characteristic  than  that  w^hich  is  heard 
while  the  child  is  up  and  about.  The  mother  should  therefore  be  directed 
to  notice  if  at  night  the  cough  be  prolonged  or  con^udsive  in  character, 
and  if  the  child  seem  at  all  exhausted  by  it,  or  have  difficulty  in  get- 
ting his  breath.  Another  point,  which  in  an  uncomplicated  case  should 
open  our  eyes  to  the  real  nature  of  the  complaint,  is  the  trifling 
character  of  the  physical  signs.  We  hear  that  the  patient's  cough  is 
incessant  and  distressing,  and  that  at  night  his  rest  is  continually  broken 
by  the  frequent  return  of  the  paroxysms,  but  on  examination  of  his  chest 
we  can  find  no  more  than  a little  sibilant  rhonchus  here  and  there  about  his 
back.  This  absence  of  physical  signs  is  a very  characteristic  feature.  In 
catarrhal  pneumonia  the  cough  may  be  violent  and  prolonged,  but  the 
jjhysical  signs  .shew  the  pulmonary  lesion,  while  the  history  and  general 
symptoms  of  the  case  exclude  whooping-cough  as  its  cause.  So  also  when 
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the  In-onchial  glands  arc  enlarged  the  congh  may  be  spasmodic  and  occur 
in  paroxysms,  but  the  general  symptoms  utkI  signs  of  pressime  prevent 
the  condition  being  confounded  with  whooping-cough. 

If  convulsions  occur  it  is  very  important  to  decide  whether  they 
depend  upon  the  general  nervous  irritability  or  are  symptomatic  of  some 
serious  complication.  In  the  latter  case,  if  the  complication  be  an  attack 
of  acute  bronchitis  or  pneumonia  the  temperature  becomes  febrile,  and 
the  special  physical  signs  will  be  discovered  in  the  chest ; at  the  same 
time  the  spasmodic  character  of  the  cough  becomes  very  much  modified. 
If  collapse  of  the  lung  have  occurred,  the  signs  and  symptoms  proper  to 
that  lesion  may  be  detected.  So  also  if  the  complication  be  a cerebral 
one,  evidence  of  the  lesion  will  be  quickly  forthcoming.  If  the  convulsion 
arise  in  a neurotic  child  from  gastric  disturbance  acting  upon  a nervous 
system  rendered  by  the  complaint  exceptionally  sensitive  to  external 
impressions,  or  if  it  be  due  to  partial  asphyxia  in  a highly  nervous  subject, 
the  eclamptic  attack  follows  immediately  upon  the  cough,  and  passes  off 
quickly,  leaving  no  ill  consequences  behind.  Squinting,  drowsiness  or 
stupor  left  after  the  fit  are  especially  ominous  symptoms,  as  they  may 
betoken  the  occurrence  of  thrombosis  of  intracranial  sinuses. 

Prognosis. — The  mortality  of  whooping-cough  is  high,  but  far  higher 
than  it  need  be.  The  chief  dangers  of  the  complaint  arise  fi'om  the 
occurrence  of  convulsions,  of  bronchitis  with  collapse,  and  of  catarrhal 
pneumonia ; but  with  proper  care  in  the  management  of  the  child  these 
dangers  may  for  the  most  part  be  avoided.  It  is  true  that  if  the  patient 
be  an  infajit  with  softened  ribs  from  rickets,  the  danger  of  collapse  is 
really  great ; and  it  may  be  quite  out  of  our  power  to  avert  a fatal  issue. 
In  ordinary  cases,  however,  judicious  precautions  will  carry  the  child 
safely  through  the  attack : for,  as  a rule,  when  children  die  in  pertussis 
they  die  from  a perfectly  avoidable  complication ; and  this  complication 
too  often  takes  the  shape  of  an  inflammatory  chest  aft’ection  directly 
induced  by  sending  the  child  out  of  doors  into  the  cold.  As  a rule,  so 
long  as  the  disease  remains  simple  the  prognosis  is  favourable ; but  there 
are  certain  conditions  which  may  place  the  patient  at  a disadvantage,  and 
these  must  not  be  overlooked  when  we  are  estimating  the  chances  of 
recovery.  Thus,  in  very  young  babies  collapse  of  the  lung  is  easil}'’ 
induced,  and  on  this  account  pertussis  during  the  first  months  of  life  is 
always  to  be  regarded  with  anxiety.  Again,  a highly  neurotic  tempera- 
ment is  not  a favourable  preparation  for  a complaint  which  has  a directly 
disturbing  influence  upon  the  nervous  system  ; and  these  cases,  too, 
demand  especial  care  in  their  management.  The  course  of  whooping- 
cough  is  also  affected  by  the  presence  of  adenoid  growths  in  the  n^o- 
pharynx.  The  irritation  set  up  by  these  vegetations  may  be  sufficient 
greatly  to  increase  the  intensity  of  the  spasm,  and  probably  also  to  main- 
tain the  nervous  element  in  the  cough  for  weeks  together.  l\Iost  of  the 
cases  of  protracted  whooping-cough,  or  of  apparent  relapse  after  recoveiy, 
are  met  with  in  children  who  are  troubled  with  these  vegetations. 

The  occurrence  of  any  complication  adds  much  to  the  gravity  of  the 
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case.  Great  agitation  and  excitement  on  the  approach  of  the  access  of 
cough,  or  extreme  cyanosis  during  its  course,  make  us  fear  the  onset  of 
convulsions.  Should  an  eclamptic  attack  occur,  we  scan  very  narrowly 
the  condition  in  which  the  patient  is  left  when  the  fit  is  at  an  end.  If 
he  seem  contented  and  cheerful  there  is  so  far  no  cause  for  anxiety ; but 
if  he  be  drowsy  and  stupid,  or  shew  any  special  sign  of  cerebral  lesion,  or 
if  he  lie  pale  and  still  with  active  nares  and  quick  shallow  breathing  from 
collapse  of  lung,  death  is  almost  certain.  Convulsions  which  usher  in  a 
imeumonic  complication,  even  although  repeated  and  violent,  are  rarely 
immediately  fatal,  and  if  the  lung  inflammation  be  of  moderate  extent, 
the  case  may  still  end  favourably.  Laryngismus  stridulus,  A^nth  extensive 
bronchopneumonia  or  serious  bronchitis  in  a rickety  subject,  must  excite 
our  gravest  apprehensions.  With  regard  to  the  likelihood  of  recovery 
from  the  paralytic  consequences  of  the  complaint,  Charles  Leroux  has 
found  that  the  older  the  patient  Avhen  attacked  the  better  his  chances 
become.  Infants,  if  they  do  not  die,  are  apt  to  retain  some  degree  of 
permanent  paralysis,  but  in  later  childhood  the  prospects  of  the  patient 
improA'e  with  his  years.  Still,  the  prognosis  is  always  serious  for, 
according  to  Valentin,  taking  all  ages  together,  only  40  per  cent  of  the 
cases  make  a complete  recovery. 

Treatment. — In  order  to  guide  a case  of  whooping-cough  to  a faAmur- 
able  issue  we  must  do  our  best,  while  promoting  the  healthy  nutrition  of 
the  patient,  to  AA*ard  off  the  complications  to  which  the  chief  mortality  of 
the  disease  is  due.  We  must  remember  that  the  mucous  membranes  are 
already  in  a state  of  catarrh,  and  therefore  highly  susceptible  to  changes 
of  temperatiu’e,  and  that  to  send  the  patient  daily  out  of  doors,  with  little 
regard  to  the  state  of  the  Aveather  (as  is  so  often  done),  is  hardly  the  Avay 
to  keep  his  chest  free  from  grave  intercurrent  disease. 

The  best  A\'ay  to  shorten  the  attack  and  prevent  the  onset  of  complica- 
tions is  to  confine  the  patient  strictly  to  tAvo  rooms,  and  to  keep  him  both 
by  day  and  night  in  a properly  medicated  atmosphere.  The  temperature  of 
the  rooms  should  be  maintained  as  nearly  as  possible  at  65°  F.  ; and  if  the 
rooms  do  not  communicate,  the  child  must  be  carried  from  one  to  the 
other  Avrapped  from  head  to  foot  in  a blanket.  The  air  can  be  medicated 
in  A'arious  Avays.  Creosote  or  eucalyptus  oil  may  be  volatilised  from  a 
metal  saucer  placed  OA^er  a spirit  lamp ; a solution  of  carbolic  acid  (one 
part  in  thirty  of  Avater)  may  be  vaporised  by  means  of  Dr.  E.  J.  Lee’s 
“steam  draft  inhaler”;  or  sulphurous  acid  may  be  diffused  through 
the  room  by  burning  small  sulphur  pastilles  at  short  intei’A-als.  In 
children  Avho  are  old  enough  to  folloAv  directions  other  topical  remedies 
may  be  used  in  addition.  Thus  a 2 per  cent  solution  of  salicylic  acid  or 
resorcin  may  be  sprayed  for  one  minute  into  the  child’s  throat  every  tA\m 
or  three  hours  Avhile  he  inspires  deeply.  Tlie  spray  is  far  more  useful 
than  the  bnish  for  applying  remedies  in  this  complaint.  The  latter 
u.sually  excites  the  utmost  alai-m  and  annoyance ; indeed,  the  mere  sight 
of  it  is  enough  Avith  most  children  to  bring  on  a paro.xysm  at  once. 

While  the  fever  lasts  the  patient  should  be  kept  in  bed  : afterwards 
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he  may  be  allowed  to  dress,  but  must  still  remain  in  the  medicated 
atmos]Dhere,  at  any  rate  until  the  spasmodic  stage  has  come  to  an  end. 
AVhen  he  leaves  a room  the  windows  and  doors  should  at  once  be  thrown 
open  so  that  the  fresh  air  can  enter  freely  until  the  time  comes  to  wai-m 
and  medicate  the  room  again  for  the  child’s  return.  By  this  means 
the  disease  is  treated  topically,  while  complications — at  any  rate  such 
as  arise  from  chill — are  guarded  against.  To  diminish  still  further 
the  risk  of  cold  it  is  well  for  a time  to  forbid  a bath,  or,  indeed,  any 
washing  of  the  child’s  body  j for  few  children  with  whooping-cough  can 
be  submitted  without  danger  to  the  exposure  involved  in  an  ordinary 
nursery  bath.  The  dress  should  be  warm,  especially  over  the  chest,  and 
it  is  advisable  to  keep  this  part  covered  with  a layer  of  cotton-wool.  The 
child  must  be  amused  with  unexciting  games,  and  it  is  better  not  to  tease 
him  with  lessons,  at  an}^  rate  until  convalescence  is  well  advanced.  In 
regulating  his  diet,  foods  which  promote  fermentation  and  acidity,  such  as 
potatoes,  farinaceous  puddings,  jams,  and  fruit,  are  better  avoided.  These 
things  make  the  child  flatulent  and  uneasy,  disturb  his  rest  at  night,  and 
increase  the  fluster  of  his  nerves. 

In  addition  to  the  topical  treatment,  internal  remedies  should  be 
given  to  allay  nervous  irritation  and  reduce  spasm.  The  drug  upon  Avhich 
above  all  others  I am  wont  to  rely  is  the  butyl-chloral  hydrate  given  in 
doses  of  one  grain  every  two,  three,  foui',  or  six  hours,  according  to  the 
age  of  the  child.  It  may  be  usefully  combined  with  double  the  quantity 
of  bromide  of  potassium.  Another  favourite  remedy  is  the  sulphate  of 
zinc  in  doses  of  one-sixth  of  a grain  (for  a child  twelve  months  old)  given 
with  half  a drop  of  liq.  atropinae  sulphatis  (B-P.)  tvneo  a day  for  three 
days ; then  every  six  hours  for  three  days  longer ; afterwards  with 
increasing  frequency  until  slight  dilatation  of  the  pupil  is  noticed.  It  is 
advisable  to  keep  the  pupil  thus  dilated  for  at  least  a week.  Antipyrin 
is  preferred  by  some  jjractitioners ; it  is  given,  in  doses  of  one  grain  for 
every  year  of  the  child’s  life,  every  four,  six,  or  eight  hours.  All  these 
remedies  have  a very  decided  influence  in  reducing  the  spasm  and  shorten- 
ing the  attack,  and  will  be  found  quite  sufficient  by  most  practical  men. 
Many  others  may,  however,  be  given  ; indeed,  the  whole  list  of  anti- 
.spasmodics  and  sedatives  is  open  to  the  prescribe!’  if  he  wish  for  variety. 
This  class  of  remedy  is  to  be  resorted  to  directly  the  complaint  is  recog- 
nised as  whooping-cough,  and  is  of  especial  value  at  an  early  period  of 
the  illness.  As  we  approach  the  end  of  the  spasmodic  stage  there  are 
two  other  drugs  which  have  great  value  if  the  spasm  be  slow  to  yield. 
These  are  quinine  in  full  doses,  and  the  liquid  extract  of  grindelia.  Of 
the  former  one  grain  may  be  given,  with  one  of  antipyrin,  twice  a day  to 
a child  of  one  year  old,  and  one  grain  of  each  may  be  added  for  every 
year  of  the  child’s  life,  until  a dose  of  five  grains  is  reached.  The 
quantity  of  the  gi'indelia  extract  to  be  given  to  an  infant  is  fifteen  drops 
every  four  hours.  Either  of  these  will  usually  make  an  immediate 
impression  upon  the  complaint.  At  the  same  time  it  must  be  remem- 
bered that  obstinate  cases  are  mostly  met  with  in  children  who  are 
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troubled  with  naso-pharyngeal  vegetations.  Search,  therefore,  should  be 
made  for  ailenoid  growths,  so  that,  if  present,  they  may  be  removed 
without  unnecessary  delay.  Counter-irritsition  of  the  chest  is  usually 
advised,  and  is  greatly  relied  upon  as  a domestic  remedy.  It  is  no  doubt 
of  service  if  pulmonary  catarrh  be  well  marked,  or  there  be  a tendency  to 
collapse  of  lung. 

An}’  complication  which  may  occur  should  receive  early  attention. 
Excessive  vomiting  may  bo  controlled  by  small  doses  of  cocaine  (one-sixth 
of  a grain  twice  a day  to  a child  of  one  year  old).  It  may  be  remarked 
here  that  in  bad  cases,  when  vomiting  is  frequent  and  distressing, 
advantage  should  always  be  taken  of  the  temporary  lull  which  follows 
the  fit  of  retching  to  administer  food.  At  this  time  nourishment  is 
urgently  required ; the  stomach  is  freer  of  mucus,  and  a longer  time  is 
available  for  digestion  before  the  next  bout  of  coughing  sets  in.  If  the 
bowels  be  loose,  a dose  of  castor  oil  will  rrsually  set  them  right.  Excess 
of  spasm  or  unwonted  nervous  excitement  may  often  be  checked  by 
chloral  and  the  bromides ; and  immediate  relaxation  of  the  glottis  usually 
follows  the  dipping  the  child’s  hands  into  cold  water.  Convulsions  and 
the  pulmonary  complications  must  receive  early  treatment,  and  any 
temporary  weakness  or  tendency  to  syncope  must  be  combated  by  free 
stimulation.  During  convalescence  a change  to  a dry  bracing  air  is  of 
gi'cat  advantage  in  calming  nervous  excitement  and  restoring  strength. 

Eustace  Smith. 
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By  Eustace  Smith,  M.D.,  F.R.C.P. 

Synonyjis. — Lat.  Cynanche  parotidcea,  Parotitis  epidemica ; 

Fr.  Les  oreillons ; Germ.  Ziegenpeter. 

Mumps,  or  contagious  parotitis,  is  one  of  the  milder  specific  fevers, 
and  occurs  for  the  most  part  in  epidemics.  It  is  most  common  in 
children  between  the  ages  of  four  and  fourteen,  but  is  seen,  although  less 
often,  in  older  persons.  The  disorder  is  a highly  contagious  one ; but 
although  a cause  of  considerable  temporary  discomfort,  is  rarely  dangerous 
to  life.  Still,  as  consequences  of  a more  or  less  serious  nature  may  arise 
from  it,  it  is  unwise  to  treat  even  slight  cases  with  indifference. 

The  incubation-period,  according  to  the  report  of  the  Clinical  Society 
(14),  may  vary  from  fourteen  days  to  twenty-five;  but  Dr.  Parker 
Douglas  has  reported  a case  in  which  the  disorder  only  declared  itself 
on  the  twenty-ninth  day  after  the  last  exposure.  When  the  complaint 
begins  it  is  infectious  from  the  very  first,  and  can  be  communicated  while 
the  patient  is  merely  ailing,  and  before  any  signs  of  glandular  swelling 
are  to  be  detected.  Its  duration  is  ten  days  to  a fortnight,  but  the 
patient  must  be  considered  unsafe  to  others  for  at  least  a week  longer. 

Morbid  Anatomy  and  Pathology. — The  inflammation  attacks  the 
salivary  glands,  and  is  believed  to  spread  from  the  duct  to  the  substance 
of  the  gland.  It  causes  infiltration  into  the  cellular  tissue  around,  but 
rarely  ends  in  suppuration  : when  the  complaint  is  at  an  end  the  gland 
is  left  uninjured.  In  the  orchitis,  however,  which  is  apt  to  occur  in 
mumps,  the  testicle  may  afterwards  atrophy.  In  these  cases  the  inter- 
canalicular  tissue  is  little  altered,  but  there  is  a parenchymatous  as 
opposed  to  an  interstitial  sclerosis.  The  tubules  are  alone  affected,  and 
shew  marked  hypertrophy  of  their  basement  membrane,  Avith  atrophy  of 
their  epithelial  lining  and  disappearance  of  their  lumen. 

Mumps  is  probably  due  to  a microbe.  Pasteur  found  in  the  blood 
rod-shaped  bacteria,  but  failed  to  reproduce  the  disease  with  them ; and 
Bordas  describes  a micro-organism  which,  he  states,  is  developed  in 
large  numbers  in  the  blood  as  early  as  eight  hours  after  the  beginning 
of  the  illness. 

Symptoms. — The  local  affection  may  be  the  earliest  sign  of  ill-health, 
but  this  is  uncommon.  As  a rule  there  are  premonitory  symptoms,  and 
the  complaint  begins  Avith  fever,  often  accompanied  in  the  child  AA’ith 
headache  and  vomiting.  The  patient  looks  and  feels  ill,  and  the  tempera- 
ture rises  to  102°  or  103°  F.  Mirchamp  has  observed  a symptom  at  this 
time  which  he  states  is  peculiar  to  infectious  parotitis.  If  a sapid  sub- 
stance, such  as  vinegar,  be  brought  into  contact  Avith  the  mucous  membrane 
of  the  tongue,  a painful  reflex  secretion  of  saliva  occurs  in  the  gland 
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about  to  be  affected.  He  states  that  this  symptom  is  present  even  in 
cases  in  which  the  infection  first  shews  itself  in  the  testicle  or  is  limited 
to  it.  In  a few  hours  stiffness  is  complained  of  in  the  jaw,  and  there  is 
aching  and  tenderness  on  one  side  in  the  hollow  beneath  the  ear.  This 
part  is  soon  noticed  to  bo  full,  so  that  the  depression  disappears ; and  as 
the  swelling  spreads  forwards  and  backwards  from  this  point  it  comes  to 
involve  the  greater  i:)art  of  the  side  of  the  face  and  neck.  The  skin  over 
it  may  be  pale  or  have  a pinkish  tint,  and  the  part  is  tense,  elastic,  and 
very  tender.  Dr.  F.  Tresilian  has  noticed  that  at  an  earl}’^  period  of  the 
complaint  the  opening  of  Stenson’s  duct  of  the  parotid  becomes  distinctly 
visible.  This  duct,  it  may  bo  remembered,  opens  on  the  inner  surface  of 
the  cheek  on  a level  with  the  second  upper  molar  tooth.  In  health  it  is 
often  difficult  to  detect,  but  in  mumps  it  can  be  seen  at  once  as  a small  bright 
red  projection  on  the  mucous  membrane.  It  remains  visible  until  the 
inflammation  of  the  gland  subsides.  The  inflammation  may  remain 
limited  to  the  parotid  first  attacked ; but  usually  it  spreads  to  the  other 
side  of  the  face,  to  the  salivary  glands  beneath  the  jaw,  and  sometimes 
to  the  fauces  and  tonsils.  The  face  is  then  curiously  widened,  and  the 
prominence  of  the  chin  is  lost  in  the  swelling  of  the  neck.  The  disease 
takes  three  or  four  days  to  reach  its  height,  for,  as  a rule,  the  glands  are 
involved  one  after  another.  When  fully  developed  there  is  no  change 
for  a day  or  two  •,  then  the  swelling  begins  to  subside,  and  by  the  tenth 
or  twelfth  day  all  fulness  has  disappeared.  The  length  of  the  attack 
depends  upon  the  quickness  with  which  the  glands  successively  take  on 
the  morbid  action.  It  is  rare  to  find  the  inflammation  at  its  height  at 
the  same  time  on  both  sides  of  the  face.  Often  after  the  subsidence  of 
the  swelling  on  the  one  side  a distinct  pause  occurs  before  the  other  side 
begins  to  suffer ; and  it  may  happen  that  the  latter  becomes  affected  only 
after  an  interval  of  weeks,  as  if  from  a true  relapse. 

All  through  the  earlier  period  of  the  illness,  and  until  the  swelling 
begins  to  decline,  the  aching  of  the  jaw  continues  and  is  increased  b}’ 
movement ; so  that  mastication  is  painful,  and  even  the  acts  of  speaking 
and  swallowing  add  to  the  patient’s  discomfort.  On  this  account  saliva 
tends  to  collect  in  the  mouth,  but  there  is  no  increase  in  the  salivary 
flow ; indeed,  as  the  swelling  subsides,  secretion  for  the  time  ma}'  be 
suppressed  [Jaccoud],  leaving  a troiiblesome  dryness  of  the  mucous 
membrane.  Sometimes  the  temperature  declines  on  the  second  or  third 
day,  but  it  generally  remains  high  until  the  complaint  is  fully  developed, 
and  then  falls  more  or  less  abriqffly  to  the  normal  level. 

The  above  is  the  ordiimry  course  of  an  attack  of  mumj^s ; but  the 
symptoms  may  be  much  less  striking.  Often,  especially  in  sporadic 
ca.ses,  the  swelling  is  insignificant,  with  little  feeling  of  illness ; or,  with 
much  swelling  and  local  discomfort,  the  temperature  is  normal,  and  the 
general  health  hardly  disturbed ; or,  again,  the  constitutional  symptoms 
arc  .severe,  with  little  swelling  or  pain  in  movement. 

Complications. — A remarkable  feature  of  the  conqilaint  consists  in 
the  so-called  metastascs  which  sometimes  occur,  chiefly  in  adult  patients. 
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Tliese  secondary  lesions  are  inflammatory  in  their  nature,  and  should  be 
regarded  rather  as  further  manifestations  of  the  virus  than  as  true  meta- 
stases.  The  most  common  of  these  complications,  in  the  male  subject,  is 
orchitis  ; in  the  female  the  breasts  inflame,  or  there  is  oedema  of  the 
external  genitals,  or  perhaps  swelling  and  tenderness  of  the  ovaries  and 
enlargemeiit  of  the  inguinal  glands.  In  exceptional  cases  orchitis  may  occur 
as  an  early  symptom  before  any  swelling  is  noticed  elsewhere ; or  may 
be  itself  the  only  sign  of  the  complaint,  without  inflammation  occurring 
in  the  parotid  or  other  salivary  glands.  Usually  it  comes  on  towards 
the  end  of  the  attack  ; or  even  after  all  signs  of  swelling  have  disappeared 
from  the  face.  With  the  pain  of  the  inflamed  organ  there  is  usually  a 
rise  of  temperature  and  a return  of  the  feeling  of  illness,  but  sometimes 
the  only  complaint  is  of  local  discomfort.  If  an  interval  of  apparent 
health  have  followed  the  subsidence  of  the  parotid  swelling,  the 
appearance  of  the  complication  may  be  preceded  or  accompanied  l>y 
more  serious  signs  of  general  disturbance.  There  may  be  high  fever 
and  delirium,  or  obstinate  vomiting  and  purging,  or  alarming  symptoms 
of  prostration. 

The  orchitis  lasts  from  three  to  five  days,  and  is  sometimes  followed 
by  very  rapid  atrophy  of  the  testicle.  Many  instances  of  this  untoward 
secpiel  to  the  inflammation  are  recorded  by  French  writers.  Thus,  Lere- 
boullet  refers  to  the  case  of  a young  soldier  of  twenty-two  in  whom 
orchitis  began  on  the  fifth  day  of  the  mumps.  The  inflammation  soon 
subsided,  but  Avas  followed  by  such  rapid  Avasting  that  in  three  Aveeks 
the  affected  gland  Avas  reduced  to  the  size  of  a haricot  bean. 

The  above  is  not  the  only  form  of  metastasis  met  Avith.  Sometimes 
the  orchitis  is  folloAved  cpuckly  by  signs  of  inflammation  of  the  membranes 
of  the  brain.  This  complication  is  a rare  one,  but  many  cases  are  on 
record.  Although  serious  enough  in  appeaiance,  it  can  be  treated  Avith 
considerable  hopes  of  success.  Thus,  Dr.  G.  H.  DoAvdney  has  recorded 
the  case  of  a man  aged  thirty-five  aa'Iio,  during  an  attack  of  mumps,  exposed 
himself  to  chill  by  driving  ten  miles  in  an  open  trap.  This  took  place  on 
the  fourth  or  fifth  day  of  his  illness.  On  the  next  day  (the  fifth  or  sixth) 
orchitis  began ; and  the  first  signs  of  meningitis  Avere  noted  on  the 
day  folloAving.  The  man  Avas  seriously  ill  for  some  Aveeks,  but  eA^entu- 
allv  recovered.  A very  similar  case  in  a boy  of  fifteen  is  narrated  by 
Dr.  Monro.  Here  also  the  meningitis  Avas  preceded  by  orchitis,  and 
although  in  the  end  recovery  Avas  complete,  the  boy  Avas  left  for  a time 
Avith  unsteady  gait,  difficult  articulation,  and  marked  agraphia.  From 
these  latter  symptoms  it  Avould  seem  that  the  inflammation  is  not  ahyays 
limited  to  the  cerebral  coA'^erings.  Lannois  and  Lemoine  have  descrilied 
a case  in  Avhich  aphasia  and  localised  paralysis  of  one  arm  followed  such 
an  attack  and  lasted  five  days.  In  another  case  aphasia  combined  Avith 
right  hemiplegia  jAersisted  for  several  months.  They  suggested  that  to 
produce  such  consequences  the  attack  must  haA^e  consisted  really  of  a 
meninso-encephalitis,  the  inflammation  having  sjAread  from  the  membranes 
to  the  substance  of  the  brain. 
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The  nervous  sequels  in  mumps  are  not  confined  to  cases  which  begin 
with  such  violent  symptoms.  As  in  other  forms  of  acute  specific  di.sease, 
nervous  derangements  of  more  obscure  mechanism  may  be  met  with. 
Thus,  Jofl'roy  has  reported  a ease  of  generalised  paralysis  with  loss  of 
deep  retle.Kes,  but  without  cerebral  symptoms,  which  he  attributed  to 
peripheral  neuritis ; and  Jalon,  one  of  optic  neuritis  with  subsequent 
atrophy  of  the  optic  nerve.  Dr.  E.  Percy  Smith,  too,  has  known  acute 
mania  to  follow  an  attack  of  mumps ; and  Campani  has  reported  a case 
in  which  night-blindness  was  a noticeable  symptom. 

A temporary  facial  paralysis  is  sometimes  met  with : this  seems 
to  be  due  to  direct  extension  of  the  inflammation  to  the  sheath  of  the 
facial  nerve,  although  it  may  happen  in  cases  where  there  has  been  little 
parotid  swelling  and  but  slight  local  discomfort.  In  a case  kindly 
communicated  to  me  by  Mr.  A.  Maude,  the  local  symptoms  of  mumps 
were  mild,  but  the  general  symptoms  were  of  exceptional  severity.  The 
facial  paralysis  was  first  noticed  in  the  third  week,  and  lasted  nearly  a 
month ; there  was  no  deafness  or  otorrheea. 

Other  complications  are  sometimes  met  with  which  may  vary  accord- 
ing to  the  prevailing  type  of  the  disorder.  Thus,  in  one  epidemic  cases 
of  gastro-intestinal  derangement  are  noticed  with  abdominal  pains  j in 
another  epistaxis  is  common ; in  a third  there  are  occasional  cases  of 
endocarditis  [Jaccoud].  Albuminuria,  with  or  without  bloody  lU’ine,  has 
also  been  noted.  Still,  with  regard  to  this  matter  of  complications,  it 
may  be  repeated  that  as  a rule  the  coiu’se  of  the  complaint  is  simple  and 
mild,  and  that  secondary  disorders  are  rare  if  common  prudence  be 
exercised  in  the  management  of  the  case. 

Perhaps  one  of  the  least  unfamiliar  consequences  of  mumps  is  deafness 
of  one  ear.  This  infirmity  may  come  on  in  the  course  of  the  complaint 
or  Later.  It  occurs  in  two  foi’ms.  In  the  first,  the  inflammation  spreads 
through  the  Eustachian  tube  to  the  middle  ear.  In  this  case  the  hearing 
is  usually  restored  by  treatment.  In  the  second,  the  deafness  begins 
suddenly  at  an  early  period  of  the  illness  owing,  it  is  thought,  to  an 
inflammatory  process  set  up  in  the  labyrinth  or  cochlea,  or  both.  The 
middle  ear  is  unafiected.  The  attack  of  deafness  may  be  accompanied  by 
noises  in  the  head  and  sometimes  by  pain.  If  the  labyrinth  be  the  seat 
of  the  lesion  there  is  also  vertigo  with  nausea  and  vomiting.  In  this 
form  treatment  can  do  little,  and  the  deafness  is  generally  permanent. 
As  it  is  usually  confined  to  one  side,  and  may  give  rise  to  no  pain,  the 
damage  to  the  organ  is  often  discovered  only  by  accident. 

Diagnosis. — Mumps  is  a primary  complaint,  and  is  therefore  easil}’’ 
di.stinguished  from  the  non-specific  parotitis  (parotid  bubo),  which  is 
always  a secondary  disea.se,  and  occurs  as  a complication  of  many  forms 
of  acute  illne.ss.  Symptomatic  parotitis  (as  it  is  called)  may  attack  both 
sides  of  the  face,  but,  unlike  mumps,  it  may  end  in  suppuration. 

In  a very  mild  attack  of  mumps,  if  orchitis  occur,  there  is  danger  of 
the  primary  disorder  being  overlooked  through  the  prominence  assumed 
by  the  complication.  Therefore,  in  an  epidemic  of  munq)s  a case  of 
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orchitis  should  always  suggest  a careful  inquiry  and  examination  of  the 
face.  But  even  if  no  swelling  or  tenderness  be  noticed  in  the  salivary 
glands  and  they  entirely  escape  the  infection,  the  orchitis  may  still  be 
due  to  mumps.  In  such  a case  the  diagnosis  depends  upon  the  existence 
of  an  epidemic,  the  sudden  onset  of  the  illness,  and  the  lapse  of  several 
days  between  the  beginning  of  the  general  symptoms  and  the  occurrence 
of  the  orchitis.  Mirchamp’s  symptom  might  be  a help  in  these  doubtful 
cases  (vide,  p.  586). 

Treatment. — However  mild  the  attack  may  be,  quiet  and  rest 
should  be  strictly  enjoined,  as  the  complications  and  unpleasant  conse- 
quences of  the  disorder  are  due  mainly  to  imprudences  committed 
during  its  course.  On  this  account  they  mostly  occur  in  the  milder  cases, 
where  the  general  symptoms  are  trifling,  and  Muth  little  local  discomfort. 

The  patient  should  be  confined  to  his  bed  Avhile  the  fever  lasts,  and 
when  the  temperature  falls  should  still  keep  the  house  until  all  local 
symptoms  have  subsided.  The  food  should  consist  of  strong  soups,  meat 
jellies,  pounded  meats,  milk,  eggs  beaten  up,  and  the  like — such  things  as 
need  no  mastication.  If  necessary  the  liver  must  be  relieved  by  a mei’- 
curial  purge ; or,  if  there  be  a foul  tongue  and  much  gastric  derangement, 
an  aperient  draught  of  rhubarb  and  heavy  carbonate  of  magnesia  may  be 
given,  flavoured  with  cardamoms,  spirit  of  chloroform,  and  peppermint 
Avater.  For  local  treatment  hot  bread-poultices  should  be  applied,  and 
frequently  renewed ; or  the  part  may  be  anointed  with  a salve  comjAOsed 
of  one  part  of  guaiacol  in  twenty  parts  of  mixed  Avaseline  and  lanoline,  as 
recommended  by  Ragazzi,  and  covered  with  a layer  of  cotton-wool.  It 
is  Avell  to  cleanse  the  mouth  and  throat  with  an  antiseptic  gargle  several 
times  in  the  day.  A very  grateful  application  for  this  purpose  is  made 
liy  dissolving  salol  to  saturation  in  an  ounce  of  rectified  spirit  with  forty 
drops  of  chloroform.  Thirty  to  forty  drops  of  this  solution  added  to 
a tumbler  of  warm  water  make  a wash  pleasant  to  use  and  strongly 
antiseptic. 

Of  the  complications — orchitis  is  to  be  treated  by  Avarmth,  and 
mechanical  support,  and  the  earlier  hot  poultices  are  ajiplied  to  the 
inflamed  part  the  better  the  chance  of  reducing  the  intensity  of  the 
inflammation  and  relioAung  the  discomfort.  In  all  children  of  tAA^elve 
years  and  upAvards  it  is  advisable,  as  Dr.  Dukes  has  suggested,  to  AA^atch 
the  temperature,  for  increase  in  the  bodily  heat  may  possibly  signify 
the  onset  of  the  complication.  If  meningitis  occur,  leeches  to  the  temples 
folloAved  by  ice  to  the  head  and  bj'’  aperients  must  be  resorted  to.  The 
alarming  constitutional  symptoms  sometimes  noticed  before  the  onset  of 
the  complication  generally  cease  Avhen  the  latter  sheAvs  itself.  If  there 
be  great  prostration,  stimulants  must  be  used  and  Avarmth  applied  to  the 
extremities. 


Eustace  Sjiith. 
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GLANDULAR  FEVER 

(Drusenfieber) 

By  Dawson  Williams,  M.D.,  F.R.C.P. 

GL.A.XDULAR  Fever  may  be  defined,  provisionally,  as  an  acute  infectious 
fever,  characterised  by  inflammatory  swelling  of  the  deep  cervical  and 
other  lymphatic  glands,  and  by  constipation ; and  followed  by  a consider- 
able degree  of  ansemia  and  depression. 

Pathology. — E.  Pfeiffer  described  the  disease  in  1889,  and  expressed 
the  opinion  that  it  was  an  acute  specific  fever  previously  unrecognised. 
He  pointed  out  that  it  occurred  in  narrowly  limited  epidemics,  but  that 
most  of  the  children  of  a family  in  which  one  member  suffered  contracted 
the  disease.  This  observation  has  been  confirmed  by  later  ivriters ; and 
Park  AVest  states  that,  in  an  epidemic  affecting  an  isolated  community  in 
Ohio,  ninety -six  cases  occurred  among  the  children  of  forty-three  families; 
only  about  twenty  children  between  the  ages  of  seven  months  and 
thirteen  years  escaped.  From  the  occasional  occurrence  of  nephritis 
as  a complication,  Hesse  has  drawn  an  argument  in  favour  of  the 
contention  that  the  disease  is  specific,  as  Pfeiffer  maintained.  The  onset 
of  the  disease  is  acute,  and  the  adenitis  one  of  the  earliest  symptoms ; 
while  pharyngitis,  though  it  may  occur  as  a complication,  is  seldom 
severe.  Park  AVest  observed  only  four  cases  of  severe  pharyngitis  in 
ninety-six  cases ; and  usually  there  is  no  pharyngitis  at  all.  That  the 
disease  is  not  an  aberrant  form  of  mumps  is  shewn  by  the  facts  that 
parotitis  has  not  been  known  to  occur;  and  that  in  the  Ohio  epidemic  it  was 
ascertained  that  fifty-seven  of  the  ninety-six  children  had  had  mumps  before 
the  glandular  fever,  or  soon  after  it.  The  suggestion  that  the  cases  are 
examples  of  German  measles,  or  some  other  exanthematous  fever  without 
the  exanthem,  is  not  tenable  in  view  of  the  fact  that  intermediate  cases  with 
rash  have  never  been  observed,  and  that  in  the  extensive  Ohio  epidemic  no 
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rash  was  observed  in  any  of  the  cases.  The  adenitis  runs  a fairly  regular 
course,  reaching  its  maximum  in  from  two  to  four  days,  and  then  subsiding 
gradually,  while  at  the  same  time  groups  of  glands  other  than  those  first 
affected  may  be  enlarging.  The  glands  shew  little  tendency  to 
suppurate;  indeed  it  is  very  doubtful  whether  this  accident  ever 
happens.^  Bacteriology  has  not  as  yet  thrown  any  light  on  the 
pathology  of  the  disease,  but  no  thorough  examination  has  been  made. 
The  obstinate  constipation  characteristic  of  it,  coupled  with  the  frequency 
of  enlargement  of  the  mesenteric  glands,  led  v.  Starck  to  suggest  that  the 
general  symptoms  and  the  adenitis  were  due  to  infection  derived  from 
the  intestines,  or  were  produced  by  the  absorption  of  toxins  from  the 
retained  faeces.  The  place  of  the  disease  in  nosology  would  appear  to 
be  near  non-venereal  or  so  called  climatic  bubo  (yiefe  vol.  on  Tropical 
Diseases). 

Course. — The  incubation -period  is  probably  about  seven  days,  with 
extremes  of  five  and  ten  days.  The  onset  is  sudden ; complaint  is  made 
of  pain  in  the  neck,  which  is  held  stiffly,  of  pain  on  swallowing,  and  some- 
times of  pain  in  the  abdomen.  The  face  is  flushed,  there  is  tenderness 
in  the  anterior  triangle,  the  temperature  is  101°-103°  F.,  the  tongue  is 
furred,  there  is  anorexia,  sometimes  vomiting,  rapid  pulse,  and  the 
ordinary  symptoms  of  pyrexia.  Examination  of  the  throat  reveals  no 
condition  sufficient  to  account  for  the  stiffness  of  the  neck  and  dysphagia, 
nor  for  the  pyrexia.  The  mucous  membrane  may  be  healthy,  or  a little 
reddened ; or  there  may,  of  course,  be  chronic  granular  pharyngitis  or 
tonsillitis,  which  affections  are  extremely  common  in  children.  On 
the  second  or  third  day  of  fever  an  elongated  swelling,  uniform  to  the 
eye  but  on  palpation  found  to  be  due  to  three  or  four  enlai’ged  glands,  is 
perceived  beneath  and  towards  the  front  of  the  sterno-mastoid  muscle. 
In  nearly  all  cases  the  adenitis  is  first  perceptible  on  the  left  side ; it 
reaches  its  maximum  in  from  two  to  four  days,  and  then  begins  to  subside. 
A little  before  the  swelling  on  the  left  side  reaches  its  height  the  cor- 
responding glands  on  the  right  side  begin  to  swell,  and  they  run  through  a 
similar  course.  Other  groups  of  glands,  the  posterior  cervical,  the  axillaiy, 
the  inguinal,  may  likewise  become  enlarged  and  tender.  Abdominal 
pain  and  tenderness  and  enlargement  of  the  liver  are  present  in  most  cases  ; 
enlargement  of  the  spleen  and  of  the  mesenteric  glands  occurs  in  raan}'^, 
probably  in  more  than  half.  Constipation  is  obstinate  except  in  the  very 
mildest  cases,  in  which  it  may  be  replaced  by  frequent  small  mucous 
stools.  In  some  severe  cases  the  beginning  of  convalescence  is  marked 
by  the  passage  of  a large  amount  of  green  mucoid  material  from  the 
bowel.  The  temperature  usually  attains  its  maximum  (104°  F.)  about 
the  third  day,  and  remains  high  so  long  as  groups  of  glands  continue  to 
enlarge.  The  pulse  may  continue  rapid  for  a da}”^  or  two  after  defer- 
vescence, which  usually  takes  place  during  the  second  week.  Complications 

1 Comby’s  opinion  to  the  conti'aiy  appear.s  to  rest  on  Neumann’s  observation  of  the 
lireseuce  of  staphylococci  in  certain  cases  ; but  Neumann  himself  hehl  that  the  cases  he  n as 
dealing  with  were  not  e.xamples  of  Pfeill'cr’s  Driiseulieber. 
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are  rare,  the  most  important  being  nephritis,  n’hich  may  lie  attended  Ijy 
luematnria ; but  the  disease  usually  runs  a benign  course,  though  occasion- 
ally, as  ^loussons  has  pointed  out,  the  general  s3’mptoms  are  so  severe  as 
to  suggest  typhoid  fever.  Convalescence  is  apt  to  be  prolonged,  the 
child  being  left  in  a condition  of  general  depression  with  amemia,  from 
which  complete  recot'ery  docs  not  as  a rule  take  place  in  less  than  a 
couple  of  months.  The  enlarged  glands  subside  gradually,  and  have 
disiippeared  before  the  general  health  is  completely  restored. 

Age. — The  disease  is  one  Avhich  affects  children ; it  is  not  uncommon 
in  infancy,  but  must  be  very  rare  after  puberty ; though  Drs.  Donkin  and 
Coutts  have  mentioned  instances  in  which  young  adults  were  affected 
during  a family  epidemic. 

2’mtlment  has  little  or  no  effect  on  the  course  of  the  disease.  The 
pain  in  the  neck  and  swollen  glands  may  be  relieved  by  a cold  compress, 
or  by  belladonna  fomentations,  but  these  measures  do  not  prevent  the 
development  of  adenitis  on  the  opposite  side.  Constipation  can  be  relieved 
by  a full  dose  of  calomel ; but  the  condition  returns  at  once,  and  Park 
AVest  saw  reason  to  believe  that  this  treatment  was  followed  by  greater 
depression  and  a more  prolonged  convalescence.  Small  doses  of  calomel 
(gr.  to  are  probably  of  use  in  regulating  the  bowels  and  pre- 
venting decomposition  in  the  intestinal  canal.  During  the  fever  the  child 
should  be  kept  in  bed  or  on  the  couch,  and  should  have  simple  liquid 
nourishment.  During  conA^alescence  the  patient  should  be  guarded  from 
over-fatigue  or  exposure  to  cold,  and  should  receive  as  much  nourishing 
food  as  he  can  digest.  Cod-liver  oil  and  iron  preparations,  or  the  syrup 
of  the  phosphate  of  iron,  are  indicated  ; and  as  soon  as  the  enlai’gement  of 
the  glands  has  disappeared  change  of  air  may  be  advised. 

Dawson  AA^illiams. 
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RTTEUMATIC  FEVER 

By  Sir  AV.  S.  Church,  Bart.,  K.C.B.,  M.D.,  F.R.C.B. 

The  Pathological  Section  by  \V.  Bulloch,  M.D. 

Synona'MS. — Acute  or  Subacute  Rheumatism. 

Acute  Rheumatism,  or  Rheumatic  Fever,  is  a disease  more  easily 
described  than  defined.  No  line  of  separation  can  be  drawn  between 
the  cases  classified  as  subacute  and  acute ; and  in  this  article  rheumatic 
fever  will  be  considered  as  equivalent  to  a .synovitis  accompanied  by 
pyrexia,  and  generally  multiple. 

Under  the  name  rheumatism  is  included  a vast  medley  of  pathological 
conditions  having  little  or  no  connexion  with  each  other,  except  in  the 
presence  of  pain  in  the  muscles  or  about  the  joints.  The  word,  at  first 
explanatory  of  the  pathology  of  the  morbid  condition  (the  pain  being 
attributed  to  rheum  ^ flowing  down  from  the  brain  and  settling  in  the 
affected  part),  has  now  become  a convenient  term  to  embrace  myalgic, 
neuritic,  and  arthritic  pain  dependent  on  very  various  causes  of  whose 
nature  we  are  often  ignorant.^  The  inclusion  of  three  very  distinct 
affections — -gout,  osteo-arthritis,  and  gonorrhoeal  arthi’itis — under  the  head 
of  acute  rheumatism  vitiates  to  a great  extent  all  the  statistics  of  the 
disease  given  by  the  older  writers. 

Sydenham  separated  acute  rheumatism  from  gout  (76),  giving  an 
excellent  clinical  description  of  the  disease,  and  remarking  that  “ it  is 
commonest  in  autumn,  chiefly  attacking  the  young  and  vigorous  he  goes 
on  to  say  that  it  very  lurely  kills  the  patient.  The  mortality  during  an 
acute  attack  is  very  small,  and  of  those  who  die  in  the  coui’se  of  the 
attack,  death,  excepting  in  cases  of  hypeiqjyrexia,  is  almost  invariably 
due  to  secondary  lesions,  such  as  peri-,  myo-,  or  endocarditis  or,  more 
rarely,  pneumonia  or  pleurisy.  I say  almost  invariably,  for  in  A'ery  rare 
instances  death  occurs  suddenly  without  hyperpyrexia  or  any  discoverable 
injury  to  the  lungs  or  heart.  One  such  case  I have  seen  myself.  A girl 
aged  nineteen,  a nursemaid,  was  taken  ill  on  May  25,  1870,  with  pain 
in  the  right  foot,  followed  by  pain  in  the  legs  and  hands ; the  joints  were 
swollen  and  very  painful.  She  was  admitted  to  St.  Bartholomew  s 
Hospital  on  June  1st.  She  was  fairly  well  nourished;  besides  pain  in 

' Jejuna,  vigila,  caleas  dape,  tuque  labora, 

Inspira  calidum,  modicum  bibe,  comprime  datum, 

Haec  bene  tu  .serva  si  vis  depellere  rheuma. 

Si  fluat  ad  pectus  dicatur  rheuma  catarrhus  ; 

Si  ad  fauces,  bronchus  ; si  ad  nares,  esto  coryza. 

Schola  Salemitana,  cap.  lx.xxii. 

^ Ballonius  is  credited  witli  being  the  first  to  use  the  word  rhouinatismal  iu  its  present 
sense.  De  rhewmtismo  et  plmritide,  1642. 
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her  limbs  she  comphiiiieil  of  some  discomfort  at  tlio  epigastrium  ; lier 
tongue  was  coated,  appetite  gone,  bowels  costive  ; there  was  some  vomit- 
ing ; the  urine  was  high-coloured,  alkaline,  free  from  albumin  ; skin  moist ; 
left  knee  much  swollen.  States  that  she  has  had  very  little  sleep  ; 
pulse  1 OS,  good  volume,  heart  - sounds  natural,  re.spiration  normal, 
temperature  09  •o'’  F.  During  the  afternoon  of  the  day  of  admission  she 
was  very  restless,  and  complained  of  increasing  pain  at  the  epigastrium 
and  in  the  pra'cordial  region.  At  9.30  P.M.  she  suddenly  became  very 
pale,  sick,  and  pidseless,  with  pupils  widely  dilated,  and  died  at  10.  lo 
p.ii.^  Nothing  abnormal  was  found  in  any  organ  except  very  slight 
beading  along  the  margin  of  the  mitral  valve.  Senator  ^ speaks  of 
sudden  death  occurring  in  “itaroxysms  of  palpitation  and  oppression” 
not  dependent  on  cardiac  complications. 

Mortality  and  Prevalence. — Eheumatic  fever  is  a ubiquitous  disease, 
and  is  met  with  in  all  parts  of  the  world,  in  the  arctic  as  well  as  the 
torrid  zones,  but  is  more  frequent  in  subtropical  and  temperate  climes. 
No  race  is  exempt,  although  Europeans  in  the  tropical  and  warmer 
temperate  regions  appear  to  suffer  from  it  more  frequently  than  the 
native  races. 

The  mortality  directly  attributed  to  rheumatic  fever  in  the  reports  of 
the  Registrars-General  for  Great  Britain  and  Ireland  is  no  measure  of 
the  frequency  of  its  prevalence  or  of  the  siifFerings  produced  by  it ; a 
very  large  proportion  of  the  deaths  returned  as  due  to  valvular  disease 
of  the  heart  and  endocarditis  (not  infective)  being  due  to  antecedent 
rheumatic  fever.  The  number  of  deaths  ascribed  to  it  in  England  during 
the  year  1903  Avas  2382,  being  4'62  in  every  thousand  deaths,  in 
Scotland  the  proportion  AA'as  3 '7 8,  and  in  Ireland  2 '75  per  1000  of 
fleaths.  This  mortality  A'aries  very  little  from  that  Avhich  is  found  in 
other  parts  of  the  Avorld  {vide  Appendix  L).  In  England,  according  to 
the  Registrar-General’s  retiu’ns,  the  death-rate  from  rheumatic  fever  and 
rheumatism  of  the  heart  has  been  steadily  falling  for  the  last  tAventy 
years,  in  1884  the  annual  death-rate  from  it  being  101  in  every  million 
persons  living,  Avhich  number  had  fallen  in  1904  to  70.  Hoav  far  this 
diminution  in  mortality  is  due  to  lesser  prevalence  of  the  disease,  to 
better  treatment,  or  to  changes  in  the  mode  of  registration  it  is  impossible 
to  determine,  for  it  is  to  be  noted  that  the  deaths  attributed  to  A'alvular 
disease  and  endocarditis  (not  infective)  have  increased  in  far  larger  pro- 
portions ; 231  deaths  per  million  of  persons  being  attributed  to  this  cause 
in  1884,  Avhilst  in  1904  the  number  has  risen  to  430. 

Etiology  and  Geographical  Distribution  of  Rheumatic  Fever. — The 
similarity  Avhich  acute  rheumatism  bears  in  many  of  its  features  to  gout 
has  led  to  the  humoral  or  chemical  hypothesis  of  its  production  ; a conception 

’ See  also  a somewhat  similar  case  of  Dr.  Goodhart’s  (42). 

' Senator  refers  also  to  R-athery’s  case  (62),  but  oil  turning  to  his  reference  I find  it  Avns 
a case  of  a girl  aged  three,  who  was  seized  with  dy.s]intt*a  and  became  cyanosed,  and  died 
ten  hours  later,  'flie  autojisy  shewed  pleiirisy  and  collajiso  of  lung  and  ante-mortem  clot 
in  the  right  ventricle. 
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formerly  supported  by  many  observers  in  this  country,  who  considered 
that  a morbid  poison  was  generated  in  the  body  as  the  result  of  altered 
or  imperfect  metabolism,  and  gave  I’ise  to  the  disease.  Front  is  said  by 
Fuller  to  have  been  the  first  to  throw  out  the  suggestion  that  it  is  due 
to  lactic  acid  ■,  and  this  view,  further  amplified  by  Todd,  was  accepted  by 
Fuller  as  the  most  probable  of  all  the  hypotheses  up  to  that  time  pro- 
pounded. The  experiments  of  Richardson  were  discredited  by  the  more 
extended  ones  of  Ray  her  ; and  the  observations  of  Sir  W.  Foster  (30)  and 
of  Kiilz  on  the  occurrence  of  articular  pain  and  swelling  in  diabetics  under 
treatment  by  lactic  acid  have  not  been  confirmed  by  later  experience. 
Dr.  P.  W.  Latham  in  his  Croonian  Lectures  considered  the  exciting  cause 
of  rheumatism  to  be  the  presence  of  lactic  acid  together  with  uric  acid,  the 
latter  acting  as  an  irritant  to  the  nervous  centres  and  to  the  subsidiary 
ganglia  in  connexion  with  them  ; and  Dr.  Haig  suggests  that  any  cause 
producing  pyrexia  may  determine  the  precipitation  of  uric  acid  in  the 
joints,  and  thus  give  rise  to  the  arthritic  symptoms.  It  is  difficult  to 
believe  that  uric  acid  can  give  rise  in  our  bodies  to  such  A'er}’’  difterent 
pathological  conditions  as  those  met  with  in  gout  and  acute  rheumatism  : 
the  similarity  is  superficial  whilst  the  whole  pathological  and  clinical 
course  is  different.  If  the  evidence  in  favour  of  the  chemical  hypothesis 
of  acute  rheumatism  be  unsatisfactory,  the  same  may  be  said  of  the 
nervous  hypothesis  first  suggested  by  J.  K.  Mitchell  seventy  years 
ago,  and  advocated  by  Canstatt,  Day,  and  others ; for  neither  the 
nutritional  lesions  which  occur  in  and  about  the  articulations  in  con- 
nexion with  spinal  degenerative  changes,  nor  those  which  follow  injury 
to  or  division  of  the  nerves  supplying  the  joints,  resemble  the  conditions 
met  with  in  acute  rheumatism  (8). 

It  is  now  very  generall}'’  admitted  that  rheumatic  fe^'er  belongs  to  the 
class  of  acute  infective  diseases,  although  opinions  still  differ  with  regard 
to  the  specific  organism  by  which  it  is  produced.  In  the  Milroy  Lectures 
of  1895  Dr.  Newsholme  brought  forward  a large  amount  of  statistical 
evidence  to  sup|iort  the  opinion  that  acute  rheumatism  is  one  of  the 
infectious  diseases.  He  shewed  that  the  rates  of  the  mortality  and  of  the 
frequency  of  the  disease  fluctuate  in  a manner  very  similar  to  those  of 
such  infectious  diseases  as  scarlatina  and  erysipelas  (vide  also  Longstafi, 
55,  5G). 

The  charts  constructed  by  Dr.  Garrod  from  the  statistics  of  Lange  in 
Copenhagen  and  Gabbett  in  London,  shewing  the  curves  during  a series 
of  years  yielded  by  first  attacks  of  rheumatic  fcA^er,  aftord  no  satisfactory 
evidence  that  they  are  influenced  by  atmospheric  or  climatic  causes.  Still 
more  recent  investigations  by  Dr.  T.  Thompson  and  Mr.  Major  Greenwood, 
junior,  into  the  monthly'  record  of  the  rainfall  at  Greenwich  and  the  monthly 
admissions  of  rheumatic  fever  into  the  London  Hospital  also  shew  no  evi- 
dence of  any  direct  connexion  between  the  rainfall  and  the  prevalence  of  the 
disease,  while  Dr.  Newsholme,  Avho  considers  rheumatic  fever  as  “ essen- 
tially a soil  disease,  due  to  a saprophytic  soil  organism,”  is  of  opinion  that 
it  is  “drowned  out  iii  wet  ymai’s,  multiplies  rapidly'  in  dry  years,  and  is 
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transfeiTed  to  the  hiiniiui  recipieiit  hy  unknown  means.”  Liirsch,  from 
the  absence  of  any  constiint  meteorological  influences  and  the  remarkable 
fluctuations  in  the  prevalence  of  the  disease  at  the  several  points  which 
have  been  carefully  watched,  considers  that  “ rheumatic  fever  now  seems 
to  have  an  assured  place  among  the  acute  infective  diseases.” 

Very  interesting  observations  made  on  the  frequency  with  which 
rheumatic  fever  occurs  in  parlicular  houses,  tend  to  support  the  infectious 
hypothesis  of  the  disease.  Friedlauder  ^ of  Leipzig  saw  twelve  cases  from 
the  siime  house  in  three  years  ; and  daring  another  three  years  met  with 
eighteen  cases  from  tAvo  houses.  Edlefsen,  at  Kiel,  reports  that  of  728 
cases  of  rheumatic  fever  occurring  in  492  houses,  he  met  Avith 

2 cases  in  one  house  100  times.  5 cases  in  one  house  5 times. 


Drs.  Fiessinger,  ]\Iantle,  and  Dalton  have  also  recorded  the  occur- 
rence of  sroAips  of  cases  arising  within  short  periods  in  the  same  house 
(cf.  p.  606). 

It  has  generally  been  held  that  cold  and  damp  situations  are  contri- 
butory factors  in  the  preA'alence  of  rheumatic  fever ; but  more  recent 
investigations  tend  to  shew  that  meteorological  conditions  have  little  or 
no  influence  on  its  prevalence. 

The  British  Army,  consisting  of  young  men  at  a time  of  life  prone  to 
the  disease,  and  placed  under  similar  conditions  as  to  hygiene,  food,  and 
Avork  under  very  various  climatic  conditions,  affords  excellent  material  for 
the  investigation  of  the  effect  of  climate  on  the  incidence  of  the  disease. 
An  examination  of  Appendix  II.,  Avhich  I have  abstracted  from  the  Army 
Medical  Reports,  sheAA-^s  that  it  is  impossible  to  associate  the  number  of 
attacks  Avith  any  peculiarities  of  climate.  Malta  prior  to  1894  gives  a 
high  ratio,  Avhereas  for  1903  the  number  is  very  Ioaa^  The  figures  also 
sheAv  hoAv  small  is  the  direct  mortality  from  the  disease;  in  1903  only 
one  death  is  recorded  out  of  116  cases  among  the  troops  in  Great 
Britain  and  Ireland,  and  5 in  foreign  stations.  That  racial  differences 
have  some  bearing  on  the  question  is  sheAvn  by  the  fact  that  Avhilst  the 
aA-erage  number  of  attacks  per  thousand  among  om'  British  troops  in 
India  is  larger  than  amongst  the  same  troops  Avhen  quartered  in  Scot- 
land and  Ireland,  the  ratio  given  by  our  Native  Indian  Army  is  the 
loAA-est  of  all. 

The  statistical  tables  of  the  Army  Medical  Department  do  not  separate 
rheumatic  fever  and  rheumatism  of  the  heart  from  rheumatism ; but  by 
the  kindness  of  the  Director-General  I Avas  able  to  obtain  information 
on  this  point  for  a considerable  number  of  years  prior  to  1894,  and 
they  agree  fairly  closely  Avith  those  in  the  Report  for  1904  {vide 
Appendix  II.). 

That  chill  is  probably  a most  important  factor  in  determining  an 
attack  of  rheumatic  fever  is, not  only  borne  out  by  general  expeilence. 
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1 time. 


Quoted  by  L)r.  Newsholiiie  in  tlie  .Alilroy  Lectures.  189.'i. 
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Init  to  a certain  extent  by  the  geographical  distribution  of  the  disease. 
Contrary  to  what  is  usually  belieA'ecl,  high  and  dry  lands,  -where  the 
temperature  varies  between  wide  limits  in  the  twenty-four  hours,  appear 
to  be  particulai’ly  conducive  to  rheumatic  fever.  Thus  we  find  it  of 
comparatively  frequent  occurrence  in  Egypt,  the  Cape,  Central  Ai-abia, 
and  the  high  elevated  plateaus  of  Bavaria  and  Mexico  (48) ; whilst  in 
lower  and  moister  localities,  of  .a  more  even  but  equally  high  tempei-ature, 
it  is  infrequent.  The  military  statistics  are  in  accordance  with  this  state- 
ment, the  average  number  of  attacks  per  1000  of  strength  being  higher 
in  Egypt,  South  Africa,  and  the  Mediterranean  stations  than  in  Scotland 
or  Ireland.  Unfortunately  the  military  returns  during  the  Crimean  war 
do  not  afford  data  for  comparing  the  proportion  of  cases  of  rheumatic 
fev’er  with  those  of  rheumatism.  Our  troops  in  the  Crimean  war  were 
exposed  to  damp  and  great  cold  as  well  as  fatigue.  The  only  information 
I find  bearing  on  this  point  is  the  statement  by  Dr.  Lyons  : “ Kheumatic 
pericarditis  seems  to  have  been  very  rare  during  our  army’s  occupation  in 
the  Crimea,  notwithstanding  the  rigour  of  the  climate.” 

The  influence  of  fatigue  and  exposure  in  a dry  and  otherwise  saln- 
brioirs  climate  is  shewn  Amry  prominently  b}'^  the  military  returns  during 
the  Egyptian  and  Cape  wars.^  In  Egypt,  during  the  years  that  oiii- 
troops  were  on  active  service  in  the  field,  the  average  number  of 
admissions  for  rheumatic  fever  reached  the  high  ratio  of  29'68  per  1000 
men ; and  in  the  Cape  during  the  years  of  the  Kaffir  war  an  increase  of 
over  5 per  cent  in  the  eases  of  rheumatic  fever  was  seen. 

The  United  Kingdom,  and  England  in  particular,  is  regarded  by 
many  Avriters,  especially  on  the  Continent,  as  pre-eminentl}'  the  country 
of  acute  rheumatism.  It  is  almost  impossible  to  form  any  opinion  as  to 
the  frequency  of  its  occurrence  in  the  United  Kingdom.  I have  arranged 
in  the  Appendices  IV.  and  V.  the  returns  that  I have  obtained  from  the 
mctroiAolitan  and  provincial  hospitals.  The  returns  from  the  provincial 
hospitals  ai’e  A^ery  imperfect,  and  of  less  value  than  I had  hoped — AA'hether 
as  indicating  the  jjrojrortion  rheumatic  fever  bears  to  other  diseases,  or 
as  sheA\dng  the  efi'ect  of  position,  climate,  nature  of  the  soil,  or  character 
of  the  population  on  the  occurrence  of  the  disease.  They  are  roughly  in 
accordance  Avith  the  Registrar-Generars  returns,  Avhich  shew  that  the 
death-rate  per  million  living  is  lower  in  the  Eastern  and  Korth-Midland 
divisions  of  England  than  in  the  others ; the  highest  death-rates  being  in 
the  North-Western  division  and  in  London  and  Wales. 

The  population  of  our  large  manufacturing  centres  appears  to  snfler 
more  than  that  of  our  rural  districts ; but  this  may  be  due  to  the  larger 
proportion  of  cases  in  country  districts  treated  in  their  OAvn  homes. 
The  returns  from  the  East  Coast  are  loAver  than  those  from  the  V est ; 
but  with  the  exception  of  NcAvcastle  there  are  no  returns  from  large 
tOAvns,  such  as  Hull  and  Hartlepool.  The  preA'alence  of  the  disease  in 
the  Isle  of  Man  and  WhitehaA'en  is  remarkable. 

’ The  military  retuni.s  during  the  war  in  South  Al'rfca  in  1899-1902  were  not  av.ailahlo 
at  the  time  this  article  was  written. 
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Scotland  sntlers  loss  than  Kngland,  coiTohorating  the  evidence  given 
by  the  military  returns  ; and  there  is  no  jiroof  that  the  disease  is  less 
freqnent,  as  has  been  stated,  in  Cormvall,'  Gnernse}^,  and  the  Isle  of 
Wight  than  in  many  other  parts  of  the  I'nited  Kingdom  of  equal  size. 
Senator  quotes  London  as  having  the  highest  percentage  of  any  European 
city ; and  gives  its  average  as  1 1 ‘5  per  cent  of  the  sum  total  of  disease. 
This  average  very  greatly  exceeds  that  now  found  in  the  statistics  of  the 
London  hospibils ; and  I find  that  an  examination  of  the  cases  treated 
in  the  clinics  of  the  physicians  of  the  Charite  Hospital,  Berlin,  during 
the  years  1889-94  give  very  much  the  same  percentage  of  cases  of 
rheumatic  fever  (4'87)  as  those  yielded  by  the  medical  statistics  of  St. 
Bartholomew’s  Hospital.  Eheumatic  fever,  as  Hirsch  has  remarked,  is 
“ ubiquitous,  and  is  more  evenly  spread  over  the  woi'ld  than  is  ordinarily 
stated.” 

Injluence  of  Seasons  (38). — That  seasonal  changes  play  some  part  in  the 
prevalence  of  rheumatic  fever  is  undoubted.  All  the  collected  statistics 
shew  fluctuations  in  the  curves  of  its  frequency  dining  the  various 
months  of  the  year,  which  appear  fairly  constant  in  the  localities  where 
the  statistics  are  compiled,  but  present  great  discrepancies  when  compared 
with  those  drawn  up  in  other  places.  Dr.  Newsholme  attributes  the 
prevalence  of  rheumatic  fever  at  different  times  to  the  influence  of  ground- 
water.  He  considers  that  low  ground-water  is  an  indication  of  certain 
conditions  of  dryness  and  temperature  of  the  subsoil  favourable  to  the 
growth  of  a telluric  contagium  for  rheumatic  fever;  whilst  admitting 
that  low  ground- water  unassociated  with  the  other  necessary  conditions 
may  not  be  productive  of  rheumatic  fever,  he  contends  that  we  never 
find  excess  or  prevalence  of  rheumatic  fever  with  a high  level  of  ground- 
water.  Somewhat  similar  conclusions  have  been  arrived  at  by  Dr.  1j. 
Weber.  In  London  the  old  and  widespread  belief  that  the  disease  is 
most  common  in  the  autumn  appears  Avell  founded. 

Dr.  Gabbett  tabulated  2000  cases  of  rheumatic  fever,  admitted  to 
the  London  Hospital  during  the  nine  years  1873-81,  according  to  the 
months ; and  I have  arranged  his  figures  in  the  form  of  a chart  for  com- 
parison ^vith  that  drawn  up  by  Dr.  L.  C.  P.  Phillips  of  1998  cases  at 
St.  Bartholomew’s  Hospital  during  the  twelve  years  1882-93. 

It  will  be  seen  that  in  each  series  the  curve  made  by  the  numbers  of 
first  attacks  is  identical  with  that  made  by  the  whole  number  of  patients. 
It  -will  also  be  noted  that  the  curves  made  by  Dr.  Gabbett’s  figures  are 
almost  identical  with  those  at  St.  Bartholomew’s  Ho.spital  during  a period 
subsequent  to  the  nine  years  tabulated  by  Dr.  Gabbett ; the  onl}'’  difi'er- 
erice  is  that  at  the  London  Hospital  the  maximum  is  reached  in 
November,  whereas  in  Dr.  Phillips’  chart  the  maximum  is  found  in 
October  : this  difference  is  jirobably  due  to  the  London  Hospital  chart 

' I find  that  in  the  ten  years  1882-91,  235  deaths  in  Coniwall  are  a.scribed  to  rliemnatu' 
fever  and  rheumatism  of  the  lieart,  and  the  Registrar-General  gives  a death-rate  of  17  )ier 
million  living  for  the  county  in  i903.  A corre.spondent  who  praetises  at  Redruth  .s.ays; 
“f'ases  of  aente  rlieurnatLsm  are  not  iufre'picnt  iu  my  own  practice. " 
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dealing  with  the  admissions,  whilst  that  of  St.  Bartholomew’s  deals  with 
the  onset  of  the  symptoms. 


Chart  0. — Cases  of  rheumatic  fever  in  St.  Bartholomew’s  Hospital,  1882*93. 

The  curves  of  the  second  series  of  cases  treated  in  St.  Bartholomew’s 
Hospital  agree  very  closely  with  the  former  charts  in  general  features. 
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The  curve  of  first  attacks  corresponds  almost  exactly  to  that  of  second  or 
subsecpient  attacks,  as  is  the  case  in  the  earlier  charts  •,  the  maximum 
number  of  cases  is  met  Avith  earlier  in  the  year,  in  August  instead  of 
October,  and  the  fall  does  not  take  place  so  suddenl}'-,  the  numbers 
remaining  almost  stationary  for  August,  September,  and  October. 

Dr.  T.  Thompson  and  !Mr.  j\Iajor  Greemvood,  juu.,  have  tabulated 
the  admissions  for  rheumatic  fever  to  the  London  HosjDital  since  1873. 
Their  figures  therefore  include  Dr.  Gabbett’s  given  in  Chart  8,  as  well 
as  those  of  more  recent  years.  Although  the  chart  is  constructed  on  a 
somewhat  dift'erent  principle  from  Dr.  Gabbett’s  and  ray  own,  the  curve 


Chart  10. — Second  series  of  cases  of  rheumatic  fever  in  St.  Bartholomew's  Hospital,  1S94-1004 

inclusive,  and  half  of  1005. 

of  the  seasonal  incidence  of  rheumatic  fever  is  substantially  the  same  as 
that  given  by  Dr.  Gabl>ett,  and  presents  much  the  same  features  as  that 
formed  by  the  cases  at  St.  Bartholomew’s  Hospital. 

The  constancy  of  these  seasonal  variations  lends  probability  to  the 
infective  hypothesis  of  rheumatic  fever,  and  supports  the  vieAv  that  its 
immediate  cause  is  a micro-organism  capable  of  midtiplication  in  a suit- 
able nidus  outside  our  bodies. 

Sex  (38). — It  is  generally  stated  that  acute  rheumatism  is  more 
I>revalent  in  men  than  in  women,  because  of  their  greater  liability  to 
exjKjsure  in  the  course  of  their  work.  This  explanation  of  the  greater 
fre'piency  of  the  disease  in  jnen,  if  it  exists,  cannot  be  maintained.  In 
London,  if  not  elsewhere,  tlie  disease  is  as  common,  if  not  commoner, 
among  indoor  workers  Jis  among  those  following  outdoor  emjdoymcnts ; 
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jincl  the  figures  given  above  shew  that  it  is  most  prevalent  at  a season  of 
tlie  year  Avhen  the  weather  is  not  usually  severe,  and  is  least  prevalent 
during  February,  March,  and  April,  the  three  months  in  which  outdoor 
Avorkers  here  are  exposed  to  great  vicissitudes  of  temperature  and 
AA^'eather.  The  relative  frequency  of  the  disease  in  the  sexes  is  extreinelv 
ditiicult  to  ascertain ; the  statistics  of  various  localities  and  of  different 
Avriters  diffei'  very  Avidely.  At  St.  BartholomeAv’s,  and  at  most  of  the 


Chart  11. — Aleim  d.iily  averages  of  admissions  for  rheumatic  fever  to  tlie.  London  Hospital 
1873-1003  inclusive.  (Thompson  and  Major  Greenwood,  jun.) 


other  metropolitan  hospitals  Avhose  figures  I have  gone  through,  the 
numbers  of  the  tivo  sexes  are  nearly  the  same,  the  excess  being  slightly 
on  the  side  of  the  men,  Avhich  is  in  agreement  Avith  the  mortality  returns 
of  the  Registrar  - General  over  a series  of  yeiirs ; and  it  must  be 
remembered  that  in  most  hospitals  the  medical  beds  for  men  exceed  in 
number  those  for  Avomen.  Women  are  particularly  liable  to  the  diseiise 
after  pai’turition  and  prolonged  lactation,  especially  if  the  recovery  from 
childbirth  has  been  imjierfect  and  attended  Avith  uterine  discharge ; Init 
the  numbers  given  in  the  older  statistics  must  be  received  Avith  caution, 
iis  many  cases  of  puerperal  seiiticamiia  or  pyamiia  are  included,  and  a 
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considerable  fraction  of  the  alleged  acute  rheuniatie  attacks  are  not  true 
rheumatic  fevei-,  but  the  acute  stage  of  chronic  osteo-arthritis.  {V'ide  also 
p.  646.) 

Orcujmtion  according  to  my  e.xperienco  has  little  or  no  influence  on 
the  incidence  of  rheumatic  fever.  The  very  elaborate  analysis  of  326 
cases  of  the  late  Hr.  Sibson  (72),  appears  to  mo  to  show  only  that 
those  occupations  which  contain  the  largest  number  of  young  subjects 
yield  a higher  proportionate  number  than  others.  Female  domestic 
servants  formed  one-third  of  Silison’s  whole  series,  and  nearly  three-fifths 
of  his  series  of  female  cases  ; a class  which  mainly  consists  of  girls 
and  women  at  the'  time  of  life  most  disposed  to  the  disease.  Among 
the  male  patients,  158  in  number,  82  followed  laborious  outdoor  employ- 
ments and  76  either  Avorked  mainl}’-  indoors  or  Avere  Avithout  knoAvn 
emploA’raent. 

Age. — In  considering  the  influence  of  age  on  the  disease  first  attacks 
only  shoidd  be  regarded ; for  the  tendency  of  rheumatic  patients  to 
frei[uent  attacks  at  short  intervals  falsifies  any  deductions  Avhich  can 
be  made  from  the  general  statistics  of  the  disease.  Acute  rheumatism 
is  essentially  a disease  of  adolescence  and  early  man-  and  Avoraanhood. 
Of  943  instances  of  first  attacks  of  Avhich  I have  records — 

135  occurred  under  10  years  of  age 
412  betAveen  10  and  20  ., 

244  „ 20  „ 30 

128  „ 30  „ 40 

23  OA'er  40  years  of  age 
1 age  not  knoAvn. 

943 

These  figures  shew  the  greater  liability  of  youth  and  early  adult  life. 
Still  no  period  of  life  is  exempt ; the  disease  has  been  described  in  a 
baby  of  tAventy-three  days,  and  in  another  of  four  Aveeks  (71) ; and  a first 
attack  from  Avhich  a perfect  recovery  AA^as  made  is  reported  in  a man 
OA'er  eighty  (16). 

Heredity. — That  some  families  are  jjredisposed  to  the  disease  is 
probable  from  the  frequency  Avith  Avhich  Ave  see  several  children  in  the 
.same  family  affected  sooner  or  later  by  it.  Dr.  Cheadle  is  of  opinion  that 
the  tendency  to  rheumatism  is  transmitted  as  stronglj’-  as  the  tendencA’ 
to  gout ; and  that  hereditary  predisposition  is  found  in  7 0 per  cent  of 
rheumatic  children.  Dr.  L.  Weber  uses  the  recurrence  of  rheumatic 
fe\'er  in  seA'eral  members  of  the  .same  family  as  an  argument  in  favour  of 
its  being  “a  house  disease,  the  underground  of  houses  in  certain  localities 
being  infiltrated  Avith  the  virus,  Avhich  Avill  be  set  free  after  prolonged 
dryness.”  The  occurrence  of  rheumatic  fever  in  })hthisical  subjects  is 
not  very  uncommon.  1 have  met  Avith  families  in  Avhoin  there  ajipeared 
to  be  a A'ery  strong  proclivity  to  tuberculous  disease  and  rheumatic  fever  ; 
and  Avith  one  in  Avhich  nearly  all  the  children  suffered  cither  from 
rheumatic  fever  or  tuberculous  disease  of  the  lungs.  I have  also  known 


13'99  per  cent. 
t3-58  „ 

25-66 

13-57  „ 

•2-43 


SYSTEM  OF  MEDICINE 


604 


several  instances  of  pulmonary  tuberculosis,  beginning  shortly  after  an 
attack  of  rheumatic  fever  ^ associated  with  severe  valvular  mischief,  in 
which  I had  no  doubt  that  the  tuberculous  disease  was  really  subsequent 
to  the  attack  of  rheumatism.  Statistics  of  heredity,  with  reference  to  an 
ill-defined  disease,  easily  confounded  with  gout  and  rheumatism,  appear  to 
me  to  have  little  value,  and  those  drawn  up  from  hospital  patients  to  be 
quite  worthless;^-  that  the  predisposition  to  the  disease  is  heredibiry  in 
the  same  way  as  gout  or  insanity  seems  to  me  to  require  further  evidence. 

W.  S.  C. 

Morbid  Anatomy. — Opportunities  for  examining  the  bodies  of  those 
who  have  died  in  the  earlier  stages  of  rheumatic  fever  are  rare.  In  most 
cases  death  has  ensued  after  more  than  one  attack  and  there  is,  especially 
in  regard  to  the  heart,  a combination  of  old  and  recent  lesions.  The 
changes  in  the  iomt&  are  not  as  a rule  striking.  There  may  be  an  increase 
in  the  quantity  of  synovial  fluid,  which  is  serous  or  turbid  with  a A'arying 
number  of  cells.  The  hypersemia  which  no  doubt  exi.sted  during  life  has 
mostly  disappeared,  although  a swollen  and  infiltrated  condition  of  the 
synovial  membrane  may  persist.  According  to  Cornil  and  Ranvier  the 
cartilage  is  always  more  or  less  affected,  and  shews  enlargement  and 
multiplication  of  its  cells.  In  the  majority  of  cases  such  changes 
have  been  found  to  be  focal  rather  than  diffuse.  Occasionally  the 
cartilage  may  be  affected  throughout  its  entire  thickness.  The  sheaths 
of  tendons  also  shew  changes  similar  to  those  met  with  in  the  joints. 

AVhen  heart  complications  have  ensued  very  definite  appearances  are 
produced.  These  may  be  found  in  the  pericardium,  the  endocardium,  or 
the  myocardium.  In  rhenmatic  pericarditis  there  is  an  increase  of  fluid  in 
the  pericardial  sac ; sometimes  serous,  frequently  turbid,  it  may  also  be 
tinged  with  blood.  The  wall  of  the  pericardium  is  usually  roughened 
and  in  a state  of  inflammation  Avhich  varies  very  much  in  degree  up  to 
the  most  severe  cases  of  adhesive  pericarditis,  ending  in  total  obliteration 
of  the  pericardial  .sac. 

Endocarditis.- — Although  the  changes  are  most  frequently  seen  and 
most  severe  in  the  valves,  the  membrane  lining  the  cavities  of  both 
auricles  and  ventricles  may  be  affected.  Rheumatic  endocarditis  has  been 
frequently  descrilied,  but  a want  of  unanimity  prevails  in  regard  to  the 
interpretation  put  upon  the  changes.  For  a long  time  it  has  been 
customary  to  separate  verrucose  from  malignant  endocarditis.  In  the 
majority  of  cases  the  rheumatic  virus  produces  the  verrucose  t}q3e, 
although  in  recent  years  Litten,  Drs.  Poynton  and  Paine,  and  others  have 
desci’ibed  cases  of  malignant  rheumatic  eiidocarditis.  Ziegler  regarded 
the  verrucose  rheumatic  endocarditis  as  mainly  a thrombotic  process,  an 

' Dr.  .T.  A.  Austen  published  four  oases  of  rheumatic  fever  followed  by  lung  cUsease. 
but  it  is  not  clear  that  in  his  cases  the  tulierculous  disease  of  tlie  lung  was  not  in  existence 
before  the  rheumati.sin. 

^ For  the  relative  frequency  of  rheumatic  fever  in  the  families  of  rheumatic  and  other 
patients,  vide  (38). 
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opinion  shared  by  Komborg,  Weichselbauin,  and  llarbitz.  Aclialme  de- 
scribed the  process  as  occurring  in  three  stages,  viz.  oedema,  proliferation, 
ami  cicatrisation.  The  only  careful  investigation  of  rheumatic  endocarditis 
in  recent  years  is  that  published  by  Kimiger,  and  on  his  results,  tvith 
which  my  own  observations  on  three  acute  cases  closelj'-  agree,  tlie  follow- 
ing deseription  is  based.  It  will  be  remembered  that  the  endocardium 
consists  of  several  layers,  one  of  the  most  important  being  that  imme- 
diately underneath  the  endothelium  and  known  as  the  subendothelial  layer. 
It  is  composed  of  a soft  ground-substance  containing  very  few  fine  fibrillse 
and  some  large  cells.  Underneath  this  is  the  elastic  part  propei-,  which 
in  some  places  is  clearly  divisible  into  two  layers,  the  deeper  one  of  vdiich 
is  in  contact  with  some  connective  tissue  (sub-endocardial  layer)  which 
seems  to  connect  the  endocardium  with  the  connective  tissue  of  the 
cardiac  muscle.  The  valves  are  composed  of  a fibrous  plate,  derived  from 
the  annulus  Jibrosus,  and  are  covered  with  endocardium.  In  the  normal 
adult  the  endocardium  proper  is  devoid  of  blood-vessels. 

As  far  as  can  be  made  out,  the  earliest  changes  of  rheumatic  endo- 
carditis shew  the  presence  of  a homogeneous  fibrin-like  substance  in  the 
subendothelial  membrane  3 with  fibrin-stains  this  mass  does  not  take  the 
characteristic  colour  and  ajjpears  to  be  more  of  the  nature  of  a coagulation- 
necrosis  Avith  swelling  and  homogeneous  transformation  of  the  ground- 
substance.  In  the  earliest  lesions  the  endocardium  is  not  perceptibly 
elevated.  In  older  lesions  a lorominence  ensues,  the  endothelial  cells 
necrose,  and  a deposit  of  platelets  and  fibrin  takes  place  from  the 
circulating  blood,  as  occurs  in  ordinary  thrombosis.  Proliferation  of 
the  fixed  cells  of  the  endocardium  occurs  at  variable  times — often  early 
— and  by  the  time  that  the  vegetation  is  well  formed  there  are  signs  of 
organisation,  which  is  followed  by  the  formation  of  granidation-tissue 
and  ultimately  by  cicatrisation.  In  autopsies  of  cases  of  acute  rheumatism 
there  is  often  evidence  of  pre-existing  endocarditis  to  which  a fresh 
inflammation  has  been  superadded.  Koniger  has  attempted,  on  histo- 
logical grounds,  to  separate  rheumatic  endocarditis  from  other  A crrucose 
]>rocesses  in  the  lining  membrane  of  the  heart.  He  considers  the 
characteristics  of  the  rheumatic  inflammation  to  be  (1)  widespread 
distribution  of  the  lesions,  which  are,  however,  focal ; (2)  that  the  lesions 
are  relatively  deep-seated;  (3)  the  intense  reactive  phenomena;  and  (4) 
the  r^dematous  condition  of  the  endocardium. 

The  myocardium  is  probably  often  affected,  but  it  is  only  in  severe 
cnses  that  the  changes  are  pronounced.  These  consist  of  cellular  infiltra- 
tions of  the  intermuscular  connective  tissue,  especially  in  the  region 
of  the  ati-io-ventricular  boundary,  and  also  in  the  connective  tissue 
accomjxiriA'ing  the  blood-vessels.  The.se  cell  - infiltrations  are  usually 
focal  and  are  prone  to  become  homogeiieous  tow'ards  the  centre.  The 
presence  of  hyaline  thrombi  in  the  small  arteries  has  also  been  noted 
(Romberg). 

In  recent  ycjirs  the  histology  of  the  rheumatic  nodule  has  been  investi- 
gatcf),  especially  by  Hrs.  I’oynton  and  Still.  I have  examined  foui- 
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nodules,  two  excised  in  an  early  stage  during  life  and  two  removed  after 
death.  In  the  centre  there  is  a homogeneous  substance  arranged  in 
layers  and  containing  in  its  i^eriphery  some  cells.  Drs.  Poynton  and  Still 
have  described  the  hyaline-like  substance  as  fibrin,  but  with  fibrin-stains 
(Weigcrt’s,  Kockel’s)  I have  not  obtained  characteristic  reactions.  The 
process  seems  moi'e  allied  to  coagulation -necrosis,  with  a homogeneous 
tivinsformation  of  the  fibres  of  the  connective  tissue  of  the  cutis  in  which 
the  nodule  lies.  The  histological  limits  of  the  nodule  are  not  sharp,  but 
gradually  pass  into  a cellular  reactive  area  in  which  tortuous  vessels  are 
usually  very  marked  features  {vida  also  p.  G55). 

Linujs  and  Pleurm. — The  pleural  cavities  often  contain  an  excess  of 
fluid,  sometimes  serous,  sometimes  fibrinous.  Suppurative  exudates  are 
mostly  the  result  of  mixed  or  secondary  infections.  In  the  few  cases  of 
pneumonia  which  have  been  examined  after  death  the  lesion  has  been 
lobular  in  character.  A genuine  lobar  pneumonia  due  to  pneumococcus 
has  also  been  observed. 

The  sequels  of  rheumatic  endocarditis  may  occur  in  the  form  of  bland 
infarcts  of  the  spleen  and  kidney.  When  high  fever  has  existed  for  some 
time  cloudy  swelling  of  the  parenchymatous  cells  of  the  great  abdominal 
organs  has  also  been  frequently  noted. 

The  changes  in  the  nervous  system  in  iheumatic  chorea  have  not  been 
satisfactorily  worked  out.  From  their  recent  work  Drs.  Poynton  and 
Paine  (94)  consider  that  there  are  numerous  small  lesions  external  to 
the  blood-capillaries  and  caused  by  the  Diplococcns  rheuimticus,  “which 
is  driven  by  the  blood-stream  into  these  positions.” 

Bacteriology.  — Of  the  numerous  hypotheses  put  forward  at  difierent 
times  to  explain  the  occurrence  of  rheumatic  fever  the  one  most  commonly 
held  in  recent  years  attributes  the  disease  to  some  form  of  infection. 
The  basis  of  this  belief  is,  on  the  one  hand,  the  clinical  and  pathological 
characters  of  the  disease,  and  especially  the  occurrence  of  fever,  poly- 
arthritis, angina,  endocarditis,  and  pericarditis  ; on  the  other  hand  there 
is,  as  was  first  pointed  out  by  Hirsch,  the  fact  that  remarkable  fluctuations 
occur  at  various  localities,  so  that  at  one  time  the  disease  becomes 
infrequent  while  at  another  it  assumes  epidemic  proportions.  The 
data  which  have  been  held  to  prove  the  epidemic  occurrence  of  i-heu- 
matic  fever  are  often,  however,  vague  and  unconvincing,  and  this  applies 
especially  to  so  - Cfdled  local  and  “ house  ” epidemics,  a considerable 
Tiumber  of  which  have  been  recorded  (Chomel,  Lebert,  Edlefsen,  Fiessinger, 
Lange,  Fiedler).  Small  “ family  ” epidemics  have  been  reported  by 
Thoresen,  Mantle,  Meyer,  Talamon,  Tui'iier,  Hawthorne,  Josseran.  Since 
the  individuals  affected  have  been,  in  many  cases,  blood-relations,  the 
alleged  hereditary  disposition  to  acute  rheumatism  deprives  observations 
of  this  kind  of  a good  deal  of  their  value  as  evidence  of  infectivity. 
Nurses  and  sick-room  attendants — not  blood-relations — are  not  known  to 
be  infected  from  patients  suffering  from  rheumatic  fever  (Pribram).  Of 
the  greatest  rarity  and  difficult  to  interpret  are  cases  of  simultaneous 
affection  of  mothers  and  newly-born  children.  In  Schaefer’s  case  a 
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woman  ageil  thirty-Hve  was  attacked  with  severe  polyartliritis  of  rheu- 
matic character.  Four  days  later  she  bore  a child  which  on  the  third 
day  shewed  swelling  of  various  joints.  In  spite  of  treatment  by  salicylates 
the  disease  was  protracted  in  both  cases.  Pocock  treated  for  rheumatic 
fever  a female  eight  months  pregnant.  During  the  attack  a child  was  born, 
and  within  twelve  hours  it  was  seized  with  arthritis,  sweating,  and  high 
fever.  Mother  and  child  made  a rapid  recovery  under  salicylates,  the 
mother  with  a cardiac  lesion,  the  child  without  complication.  In  searching 
for  the  cause  or  causes  of  acute  rheumatism  we  are  met  at  the  outset  by 
the  considerable  difficulty  that,  while  the  concejit  of  the  disease  is  clinical, 
all  modern  scientific  incpiiry  sheAvs  how  unsafe  it  is  to  rely  solely  on  such 
a basis.  Although  most  phj'sicians  who  have  studied  rheumatic  fever 
regard  it  as  a disease  sui  generis,  this  belief  is  not  universal.  Assuming 
that  it  is  an  entity  we  expect  it  to  be  caused  by  a specific  vinis,  as 
bacteriological  research  has  taught  us  (1)  that  each  infection  is  caused  by 
a definite  infective  agent,  (2)  the  gi^'en  infection  is  produced  only  by  the 
infectious  agent,  (3)  the  given  uifectious  agent  always  produces  the  given 
infection  and  no  other. 

Before  dealing  in  detail  with  the  bacteriology  of  acute  rheumatism, 
it  must  be  admitted  that  the  problem  reduces  itself  to  this : — Is  rheu- 
matic fever  a specific  disease  ? If  so,  we  are  justified  in  expecting  a 
specific  Aurus  as  its  cause.  If  Ave  find  preponderating  evidence  of  ordinal-}' 
infectious  microbes,  it  may  be  that  I'heumatic  fever  is  not  a disease  sui 
generis.  In  such  a case  Ave  should  not  be  justified  in  saying  that  it  cannot 
be  an  entity,  as  these  ordinary  microbes  might  be  found  in  practically 
CA-ery  case  and  still  not  be  the  cause  of  the  disease,  but  merely  of  seconclar}' 
importance. 

A large  number  of  iuA'estigations  have  been  carried  out  in  the  case  of 
rheumatic  feA'er,  and  search  for  the  hypothetical  virus  has  been  made  in 
parts  Avhere  there  is  reason  to  belicA'e  that  it  exists,  thus  in  the  joints, 
blood,  heart  lesions,  nervous  system,  lymphatic  apparatus  of  the  throat, 
and  in  the  urine.  From  analysis  of  the  results  obtained  by  the  inA'estiga- 
tion  of  these  tissues  and  fluids  it  is  manifest  that  most  diA'ergent 
conclusions  haA'e  been  reached.  This  is  clue  partly  to  the  difficulty  of 
the  certain  diagnosis  of  rheumatic  fever,  and  to  inefficient  jirecautions  in 
the  bacteriological  investigations,  and  partly  to  the  interpretation  put 
upon  the  obseiwed  faets.  From  consideration  of  the  published  Avork  as  a 
Avhole  it  is  remarkable  hoAv  discordant  the  results  obtained  are  in  a 
disease  Avhich  appears  to  be  so  Avell  defined  from  the  clinical  point  of  vicAv. 
Kelatively  feAv  of  these  researches  Avere  conducted  Avith  the  stringent 
details  of  diagnosis,  technique,  and  results  that  have  characterised  the 
Avorking  out  of  many  Avell-knoAvn  infections,  and  herein  lies  the  chief 
difficulty  in  discussing  and  interpreting  the  results  hitherto  obtained. 

(«)  Emrnination  of  Joint  Lesions. — Bacteriological  examination  of  the 
joints  during  life  or  after  death  has  shewn  either  that  the  cultures  remain 
sterile  or  that  groAvths  of  cocci  occur  alone  or  in  association  Avith  microbes 
which  are  manifestly  contaminations.  Kraus  found  a streptococcus  in 
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the  joints  of  cliildren  suffering  from  acute  synovitis.  Guttmann,  in  a ' 

case  regarded  as  rheumatic  fever  but  evidently  septic  (multiple  abscesses  J 

in  kidneys,  muscles,  pericardium),  found  Staphi/lococcus  pyorjen^s  aureus.  I 
Mantle  grew  on  gelatin  two  organisms — a coccus  and  a sporing  bacillus.  i 
G.  Lion  and  Buday  both  found  streptococci  in  joints  examined  post- 
mortem. Sahli,  who  had  uniformly  negative  results  up  till  1S92,  isolated 
Staphylococcus  pyogenes  citreus  from  a case  of  rheumatic  fever.  The  ex- 
amination took  place  fourteen  hours  after  death,  and  the  coccus  was 
found  in  the  syno^dal  membrane  but  not  in  the  joint  ffuid.  Maragliano 
found  streptococci  and  staphylococci.  Melkich  found  a sporing  anaerobic 
l)acillus  known  as  the  Bacillus  of  Achalme  {vide  p.  613)  in  four  cases  in 
the  pei'iarticular  ffuid.  In  three  other  cases  a similar  bacillus  was  found 
in  association  with  pyogenetic  cocci.  Menzer,  in  an  examination  of  five 
cases  during  life,  found  two  sterile.  In  the  remaining  three  (one  of 
which  was  complicated  wth  gonorrhoea)  he  obtained  cocci  Avhich  -were 
practically  without  pathogenetic  effect  on  rabbits ; in  the  gonorrhoeal 
case  the  cocci  producing  swelling  of  the  joints  after  intravenous  inocula- 
tion in  the  rabbit.  Drs.  Beaton  and  Ainley  Walker  found  the  so-called 
Micrococcus  rheumaticus  {vide  p.  613)  in  one  case  infra  vitain  in  the  joint 
fluid,  and  Dr.  Beattie  found  it  in  three  cases  after  death. 

In  comparison  with  these  positive  results  a number  of  writers  Imve 
failed  to  find  micro-organisms  in  the  joints  or  have  occasionally  obtained 
contaminating  microbes.  Thus  Chvostek  in  17  cases  had  negative 
results  only,  and  the  same  has  been  the  experience  of  Michaelis  (12 
cases),  Philipp  (6  cases).  Cole,  and  Pribram.  In  one  fatal  case  examined 
a few  hours  after  death  Pribram  was  unable  to  obtain  any  cultivations. 
Chvostek  has  also  pointed  out  that  growths  may  be  obtained  from  the 
joints  of  animals  after  death,  even  when  no  inoculations  had  been  made. 
Apparently  in  no  case  examined  in  the  early  stage  of  the  joint  affection 
has  any  organism  been  found  during  life.  In  many  of  the  positive  eases 
the  disease  had  existed  some  time,  or  the  examination  was  made  a number 
of  hours  after  death. 

(b)  Examination  of  the  blood  and  of  the  heart  lesions  before  and  after 
death  have  also  given  discordant  results.  In  a large  number  of  cases 
the  ■ cultures  have  remained  sterile.  In  a certain  number,  especiallj' 
of  jjost  mortem  examinations,  various  microbes  have  been  found  either 
singly  or  in  combinations.  Of  the  older  observations  it  is  sufficient  to 
mention  the  following.  In  16  cases  Mantle  found  a coccus  associated 
with  a bacillus  on  gelatin  cultures.  Lion  described  a coccus,  but  was 
unable  to  cultivate  it.  Sahli  obtained  growths  of  Staphylococcus  citreus 
in  one  case.  Both  during  life  and  after  death  Achalme  found  a large 
sporing  anaei’obic  bacillus,  a result  confirmed  by  Papillon,  Thiroloix  (.o 
cases),  Triboulet  and  Coyon  (1  case),  Bettencourt,  Carriere,  Melkich  (21 
times  in  26  cases),  Lucatello.  In  6 out  of  10  cases  Oppenheim  obtained 
a Gram-staining  coccus.  Opposed  to  these  are  the  negative  results 
obtained  by  Michaelis,  Gerhardt,  Jez,  Kuhnau  (67  cases),  Chvostek, 
Sittmann,  Triboulet  and  Coyon  (4  cases),  de  St.  Germain. 
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The  more  modern  researches  on  the  bacteriological  examination  of  the 
blood  during  life  in  acute  rheumatism  have  mostly  yielded  negative  results, 
such  as  those  of  Cole  (190-1),  Lewis  and  Longcopo  (1904),  Time  (1902), 
^lenzer  (1902),  Philipp  (1903)  (21  cases),  T.  M‘Crae  (1903),  Bulloch  and 
Thompson  (1906)  (14  cases),  Lenhartz  (1903). 

In  the  post-mortem  examination  of  cases  of  rheumatic  fever  with  endo- 
airditic  and  pericarditic  lesions  the  number  of  positive  results  increases. 
Of  the  older  researches  the  most  important  are  the  folloAving: — Klebs 
(1878)  found  “monadina”in  18  cases  of  rheumatic  endocarditis.  Birch- 
Hirschfeld  in  5 cases  found  staphylococci ; Sahli,  S.  citreus.  In  5 severe 
cases  of  rheumatic  endocarditis,  von  Leyden  (1894)  found  cocci  in  4,  in 
only  one  of  which,  however,  he  was  able  to  isolate  the  microbe  on  ascitic 
fluid.  Inoculation  of  the  culture  into  the  rabbit  produced  fever  and  in 
one  case  death  ; post-mortem,  the  coccus  could  not  be  recovered.  Tri- 
boulet  and  Coyon  in  a case  of  endo-pericarditis  found  Achalme’s  bacillus 
and  a diplococcus.  Apert  (1898)  also  obtained  Ti'iboulet’s  coccus  intra 
citam.  Thiercelin  found  a similar  coccus  48  hours  after  death.  In  1899 
an  important  obsen^ation  was  made  by  AVestphal,  AVassermann,  and 
Malkoff.  In  a girl,  aged  19,  dead  from  endocarditis  and  nephritis  asso- 
ciated with  chorea,  AA^assermann  found  a streptococcus  in  the  blood,  brain, 
and  valves.  It  grew  best  on  alkaline  media,  and  in  a series  of  80  rabbits 
the  inoculation  of  the  culture  produced  joint  affections  after  an  incubation- 
period  of  9-10  days.  The  microbe  was  recoverable  from  the  joints  after 
death.  Drs.  Poynton  and  Paine  (160)  in  1900  obtained  in  8 cases  of  acute 
rheumatism  a diplococcus  Avhich  grew  in  chains  in  bquid  media.  The 
organism  grew  best  on  a mixture  of  milk  and  bouillon  acididated  with 
lactic  acid.  In  3 cases  it  was  isolated  in  pure  culture  during  life  in  cases 
of  acute  pericarditis.  It  was  also  found  in  pericardial  fluid  after  death  as 
well  as  from  the  cardiac  valves  and  throat.  Later  (1905)  they  reported 
having  found  the  diplococcus  altogether  in  32  cases  in  various  rheumatic 
lesions,  including  the  rheumatic  nodule.  Drs.  Beaton  and  AA^alker  con- 
firmed the  results  of  Drs.  Poynton  and  Paine  in  1 5 cases,  including  8 of 
acute  rheumatism,  3 of  chorea,  4 of  acute  endocarditis  in  rheumatic 
subjects.  The  exact  source  of  their  cultures  may  be  seen  in  the 
following  table  of  their  cases  : — 


Case. 

1.  Acute  rheumatism  with  peri-endocarditis 

2.  Acute  rheumatism  . . . . . 

3.  Acute  rheumatism  with  endocarditis  . 

4.  Subacute  rheumatism  -f  mitral  stenosis 

.5.  Acute  rheumatism  . . . . . 

a.  Acute  rheumatism  with  nodules 

7.  Acute  rheumati.sm  . ...  . 

8.  Subacute  rheumatism,  adherent  pericardium 

Chorea,  heart-failure  . . . . 

10.  Chorea  .... 

11.  Chorea,  heart-failure  . . . . 

vor..  II. — IT.  I 


Source  of  Culture. 
Heart-blood,  post-mortem 
Knee-joint,  intra  vitam 
Heart-blood,  post-mortem 
Urine 

Blood,  intra  vitam 

Blood  from  ear  lobule,  urine 

Heart-blood,  post-mortem 

?J  5? 

Urine 

Heart-blood,  post-mortem 
2 It 
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Source  of  Culture. 

. Heart-blood,  post-mortem 

)>  )> 

. Blood  from  ear  lobule 

)>  ?? 

Ill  most  cases  the  coccus  was  pure  ; in  the  post-mortem  isolations  it  was 
occasionally  contaminated  with  B.  coli.  In  two  out  of  three  cases  in  which 
it  was  isolated  from  the  lobule  of  the  ear  it  was  contaminated  with 
Staphylococcus  albus.  Lewis  and  Longcope  (1904)  isolated  (12  hours  after 
death)  a similar  coccus  from  the  median  basilic  vein  of  a case  of  chorea 
dying  with  endocarditis.  Negative  residts  have  been  obtained  by 
AYeiehselbaura,  Harbitz,  Schottmiiller,  Bulloch  and  Thompson.  Harbitz 
examined  6 cases  of  characteristic  rheumatic  endocarditis  and  could 
find  no  microbes  microscoiiically  or  on  culture.  Dr.  Thompson  and  I 
examined  the  endocarditic  lesions  in  4 cases  of  severe  rapidly  fatal 
rheumatic  fever  and  found  no  microbe  microscopically  or  on  cultivation. 

In  Rheumatic  Pericarditis  the  results  have  been  equally  divergent,  the 
following  organisms  having  been  found : Staphylococcus  citrms  (Sahli), 
Achalme’s  bacillus  (Achalme),  Staphylococcus  aureus  (Triboulet),  Achalme’s 
l)acillus  and  diplococci  (Triboulet  and  Coyon),  diplococci  (Poynton  and 
Paine,  Beaton  and  Walker).  In  3 cases  examined  with  Dr.  Thompson, 
I found  the  pericardial  fluid,  taken  shortly  after  death,  to  be  sterile.  In 
one  unusually  severe  case  in  a boy  aged  15  with  a history  of  repeated 
sore  throat,  and  one  previous  attack  of  rheumatic  fever,  there  had  been 
high  fever,  generalised  nodules,  severe  peri-  and  endocarditis.  The 
examination  of  the  pericardial  fluid,  pericardial  membrane,  endocardial 
vegetations,  rheumatic  nodules  yielded  sterile  cultures,  although  different 
media  were  inoculated  and  maintained  aerobically  and  anaerobicall3^  The 
microscopic  examination  of  the  pericardium,  endocardium,  and  nodules 
failed  to  shew  any  microbes. 

(c)  Examination  of  Pleurisy  and  Pleuritic  Exudates. — Positive  bacterio- 
logical results  have  occurred  in  a very  few  cases ; the  organisms  found 
being  streptococci  (Gilbert  and  Lion),  Staphylococcus  aureus  (Goldscheider), 
B.  of  Achalme  (Thiroloix).  In  by  far  the  greater  number  of  cases  the 
exudates  have  been  found  sterile  (Kracht,  A.  Frankel,  E.  Levy,  Fiedler, 
Aschoff,  Singer,  Pribram,  de  St.  Germain,  Bulloch  and  Thompson). 

Pneumonia,  which  is  a rare  complication  of  rheumatic  fever,  has 
seldom  been  the  subject  of  investigation.  In  one  fatal  case  (autopsy  by 
Chiari)  Pribram  found  the  pneumococcus. 

(d)  Examination  of  Angina  Rheumatica. — The  lesions  in  the  lymphatic 
apparatus  of  the  throat  in  cases  of  acute  rheumatism  have  been  the  sub- 
ject of  repeated  investigation.  The  bacteriological  examination  of  this 
region  is  beset  Avith  difficulties,  especially  in  regard  to  the  interpretation 
of  the  results  obtained.  Further,  it  is  likely  that  the  importance  of 
throat  examinations  in  cases  of  acute  rheumatism  has  been  overestimated, 
when  it  is  remembered  that  the  frequency  of  such  lesions  is  subject  to 


Case. 

12.  Fungating  endocarditis 

13. 

14.  Acute  endocarditis  . 
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great  variations  (TT-SO  per  cent)  (Pribram).  The  principal  bacterio- 
logical examinations  of  the  rheumatic  throat  have  been  carried  out  by 
P.  ^Meyer  and  by  jNIonzer  (Berlin)  with  divergent  results.  Moyer  took  some 
of  the  exudate  from  the  tonsils  and  inoculated  it  directly  into  bouillon, 
and  employed  the  mixed  culture  thus  obtained  for  inoculation  into 
rabbits.  In  about  a week  after  inoculation  he  observed  arthritic  lesions 
from  which  he  obtained  diplococci,  staining  faintly  by  Gram’s  method. 
The  exudate  in  the  joints  was  opaque,  of  mucoid  consistence,  and  con- 
tained a number  of  leucocytes.  The  joint  lesions  were  constant,  and  in 
about  10  per  cent  of  the  animals  inoculated  the  serous  membranes  were 
affected  with  sei’ous  or  sero-sanguinolent  exitdates,  which  were  for  the 
most  part  sterile.  In  25  per  cent  of  the  cases  endocarditis  verrucosa  or 
ulcerosji  was  also  induced,  the  cocci  being  found  in  pure  culture  in  the 
lesions.  The  blood  and  other  organs  were,  however,  sterile.  The  cocci 
were  obtained  as  above  in  12  cases  of  angina  rheumatica.  INIeyer  also 
made  control  experiments  with  streptococci  obtained  from  normal  throats, 
producing  thereby  in  one  case  a pericarditis  and  in  another  a fatal  sepsis. 
He  also  examined  6 cases  of  non-rheumatic  anginas,  and  from  one  of 
these — a case  of  scarlatina — he  isolated  a streptococcus  which  produced 
joint  exudates.  A coccus  similar  to  that  of  Meyer’s  was  also  isolated  by 
Drs.  Poynton  and  Paine  (160)  from  a rheumatic  tonsil.  Glaser  (1901)  also 
produced  sterile  joint  exudates  in  rabbits  by  streptococci  obtained  from 
rheumatic  tonsils,  a result  occasionally  produced  by  streptococci  from 
normal  throats,  and  more  frequently  by  cocci  isolated  from  various  non- 
rheumatic forms  of  angina.  Although  the  joints  may  contain  numerous 
cocci,  the  blood  and  ^dscei’a  in  such  cases  may  be  sterile.  Menzer  (1902) 
went  to  work  in  the  most  orthodox  fashion  of  isolating  the  organisms  in 
pure  cidtm-e  from  pieces  of  the  excised  tonsils,  and  then  inoculated  the 
cultures.  He  Avas  unable  to  distinguish  in  cultui’e  streptococci  from 
normal  and  from  rheumatic  tonsils.  Cocci  from  1 1 cases  of  rheumatism 
Avere  inoculated  into  19  rabbits  in  quantities  of  6-8  c.c.  of  ascitic-bouillon 
cultures.  In  general  he  found  that  streptococci  from  rheumatic  tonsils 
produce  multiple  sterile  joint  lesions  and  endocarditis.  Occasionally, 
howeA'er,  the  joints  contained  cocci.  Other  complications  AA'^ere  lung 
abscesses,  pneumonia,  local  abscesses,  and  in  certain  cases  the  cocci  Avere 
non-pathogenetic.  !Menzer’s  control  experiments  are  also  of  imjAortance ; 
Avith  streptococci  from  normal  throats  he  obtained  hyjDerffimia  of  joints, 
multiple  embolic  foci  in  heart,  endocarditis  and  pericarditis,  although 
blood  and  joints  Avere  apparently  sterile  ; Avith  streptococci  from  different 
forms  of  non-rheumatic  angina  he  obtained  in  one  case  efflorescences  on 
the  tricuspid  A'alve  ; Avith  a streptococcus  obtoined  from  mammary  pus  he 
induced  joint  swellings  and  verrucose  endocarditis;  Avith  a streptococcus 
from  a characteristic  case  of  septic  endocarditis,  multiple  joint  lesions 
ensued  in  Avhich  cocci  Avere  found  by  puncture.  Later  the  SAvellings  dis- 
appeared, and,  Avhen  the  animal  Avas  killed  five  Aveeks  later,  cultures  there- 
from remained  sterile. 

(e)  E'mminalum  of  Itheumilic  Nodules. — Drs.  Poynton  and  Paine  (16.1) 
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succeeded  in  recovering  tlieir  diplococcus  from  rheumatic  nodules  post 
mortem.  Their  method  was  to  excise  the  nodule  with  the  usual  aseptic 
precautions,  and  to  transplant  it  into  milk-bouillon,  obtaining  on  the  third 
day  a culture  of  diplococci.  Neither  in  two  nodules  excised  during 
life  nor  in  two  taken  immediately  after  death  could  I find  bacteria  micro- 
scopically or  by  culture. 

{f)  Emmination  of  Chm-ea  and  C&rebral  Rheumatism. — Dana  (1894) 
found  diplococci  in  a case  of  chorea  in  which  there  was  a chronic  lepto- 
meningitis of  the  brain  and  the  upper  part  of  the  cord.  In  a severe  case  of 
rheumatic  endocarditis  and  chorea,  Triboulet  and  Coyon  (200)  found 
Achalme’s  bacillus  forty  hours  after  death.  In  two  cases  of  chorea  Apert 
(1898)  found  Triboulet’s  coccus.  Westphal,  Wassermann,  and  Malkoff 
found  diplococci  in  the  brain  in  the  case  of  chorea  mentioned  on  p.  609. 
Drs.  Poynton  and  Paine  (163)  isolated  a similar  diplococcus  in  several 
cases  of  chorea,  and  in  3 cases  of  chorea  Drs.  Beaton  and  Walker  found 
the  same  coccus,  twice  in  the  heart’s  blood  and  once  in  the  urine. 

Cases  of  cerebral  rheumatism  have  not  been  frequently  examined.  In 
a case  examined  both  during  life  and  after  death,  Souques  and  Castaigne 
found  the  cerebro-spinal  fluid  sterile ; Triboulet  had  a similar  experience. 
Pic  and  Lesieur  found  Achalme’s  bacillus  in  one  case,  and  in  a second  the 
cultures  were  sterile.  Achalme  found  the  cerebro-spinal  fluid  sterile, 
although  the  blood  was  rich  in  anaerobic  spore-bearing  bacilli. 

{g)  Examination  of  Unne. — Investigations  into  the  bacteriology  of  the 
urine  of  cases  of  rheumatic  fever  have  been  carried  out  on  an  extensive 
scale  by  G.  Singer,  also  by  Chvostek,  Kraus,  Franz,  and  others  wnth  very 
divergent  results.  In  85  cases  Singer  obtained  positive  results  49  times ; 
he  found  several  dilferent  microbes,  viz.  : Sta2)hylococcus  albus,  93  times ; 
Staphylococcus  aureus,  14  times;  Sfap>hylococcus  cereus  albus,  13  times; 
Streptococcus  pyogenes,  15  times;  Streptococcus  conglomeratus,  20  times; 
other  cocci,  1 time;  B.  coli,  3 times;  contaminations,  135  times. 
Singer’s  method  of  obtaining  the  urine  for  examination  was  defective 
technically,  and  Chvostek,  who  adopted  proper  precautions,  obtiiined 
entirely  different  results,  as  was  also  the  case  with  Kraus  and  Franz. 
With  Singer’s  method  employed  on  normal  people,  Chvostek  obtained 
cocci  10  times  out  of  18  cases,  and  Litten  found  cocci  in  eveiy  normal 
case.  Disinfecting  the  anterior  part  of  the  urethra,  Menzer  found  in  a 
normal  male  aged  17,  thirty-two  colonies  of  staphylococci,  diplococci,  and 
a diphtheroid  bacillus.  Drs.  Poynton  and  Paine  isolated  their  diplococcus 
from  the  urine,  and  Drs.  Beaton  and  Walker  did  the  same  in  4 cases,  viz. 
one  of  subacute  rheumatism  and  mitral  stenosis,  two  of  acute  rheumatism, 
and  one  case  of  chorea. 

Eesum6  of  Results  in  connexion  with  Hypotheses  of  Infective  Pathogenesis  of 
Rheumatic  Fever. — A glance  at  the  results  described  above  sheA\'s  that 
numbers  of  different  micro-organisms  have  been  isolated  from  cases  of 
acute  rheumatic  fever.  As  far  as  concerns  the  blood,  the  examinations 
made  during  life  have  in  the  main  yielded  negative  results,  cultures 
made  upon  difl’erent  media  having  remained  sterile.  In  a certain  number 
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of  cases  staphylococci,  streptococci,  and  diplococci  have  been  found.  In 
the  post-mortem  blood  examinations  positive  results  occur  with  much 
greater  fi'cquency.  Here  again  we  find  a scries  of  cocci,  and  in  a number 
of  cases  Achalme’s  bacillus.  In  not  a few  cases,  even  of  severe  endo- 
carditis, cultures  have  remained  sterile,  and  the  microscope  has  failed  to 
reveal  the  presence  of  microbes  (Weichselbaum,  Harbitz,  Bulloch  and 
Thompson).  In  regard  to  the  joint  lesions,  intra  vitain,  examination  has 
in  the  majoritt’  of  cases  proved  negative.  Post-mortem  examination  has 
shewn  a number  of  dift’erent  bacteria — mostly  cocci.  Rheumatic  ideurisies 
are  usually  sterile.  The  examination  of  the  throat  lesions  is  manifestly 
unsatisfactory,  and  in  a still  greater  degree  the  results  which  have  been 
obtained  in  examinations  of  the  urine.  In  the  case  of  the  characteristic 
rheumatic  nodules  the  divergence  of  results  is  equally  disappointing. 

Apart  from  the  ordinary  pyogenetic  cocci,  the  bacillus  of  Acbalme 
and  the  diplococcus  described  by  Triboulet  and  by  Drs.  Poynton  and 
Paine  must  be  specially  considered  in  reference  to  the  etiology  of  rheu- 
matic fever. 

Bacillus  of  Achalme. — This  is  a large  motile  Gram -staining  anaerobic 
bacillus  which  forms  terminal  spores.  Its  length  is  subject  to  some 
variation ; short  in  media  containing  milk,  sugar,  and  glycerin,  it  is 
long  in  ordinary  bouillon,  and  may  actually  grow  into  filaments.  It 
grows  between  a minimum  of  25°  C.  and  a maximum  of  40°  C.,  flourish- 
ing best  between  30°  and  38°.  Milk  is  curdled  in  twelve  to  fifCeen  hours  ; 
gelatin  is  liquefied,  and  gas-pi'oduction  is  constant.  Inoculation  into 
animals  produces  a massive  sero-sanguinolent  mdema  at  the  point  of 
inocidation,  Avith  exudates  into  the  serous  cavities.  Guinea-pigs  are  very 
susceptible  to  its  action,  mice  much  less  so ; rabbits  react,  with  se^mre 
local  lesions.  By  injecting  the  pleural  exudates  of  infected  guinea-pigs 
into  rabbits,  Thiroloix  (194)  produced  a condition  superficially  resembling 
acute  rheumatism,  especially  in  its  cardiac  manifestations.  Dr.  Hewlett 
has  pointed  out  that  Achalme’s  bacillus  is  probably  identical  with  B. 
enteritidis  sporogenes  (Klein),  a view  also  acknowledged,  Avith  limita- 
tions, by  Achalme  himself,  Avho  further  identifies  it  Avith  B.  perfringens 
of  Veillon. 

Diplococcus  of  Triloulcf,  Poynton  and  Paine.  Micrococcus  rheumaticus  of 
Beaton  and  A inky  Wcdlcer. — The  diplococci  isolated  by  Wassermann, 
Triboulet,  and  Coyon,  Drs.  Poynton  and  Paine,  Beaton  and  Ainley 
Walker,  and  Beattie  are  generally  considered  by  these  authors  to  be 
iflentical,  and  may,  for  the  sake  of  brevit}q  be  ternpm'arily  spoken  of  as 
DiplocfKcus  rheumaticus.  Triboulet  described  it  as  of  Available  form,  but 
mostly  as  a diplococcus  or  in  chains  of  4 to  6 elements.  It  stains  by 
Gram’s  method.  On  agar  and  gelatin  it  groAvs  as  small  translucent 
colonies,  and  even  shcAved  groAvth  on  potato.  Milk  is  rapidl}'  curdled. 
In  fluifl  media  Triboulet  found  lactic  and  acetic  acids  in  quantity,  along 
AA'ith  traces  of  valerianic  ami  formic  acids.  The  coccus  grew  aerobically 
and  anaerobically.  In  Triboulet’s  haiids,  Avith  cocci  obtiiincd  fi'om  5 
CJi.se.s,  the  restdts  of  inoculation  Avere  negative.  With  the  coccus  obtained 


6i4 


SVSTEAf  OF  MEDICINE 


from  a case  of  chorea,  one  rabbit  inoculated  with  12  c.c.  of  culture 
shewed  endocarditis,  but  the  joints  were  normal. 

Drs.  Poynton  and  Paine’s  coccus  grew  best  in  a mixture  of  milk  and 
liouillon,  acidulated  with  lactic  acid  and  incubated  anaerobically.  In 
their  first  publications  they  described  their  diplococcus  as  “easily 
decolorised”  by  Gram’s  method.  The  intravenous  inoculation  of  large 
doses  (contents  of  several  blood-agar  tubes)  produced  very  definite  and 
constant  pathological  results,  including  polyarthritis,  bursitis,  teno- 
synovitis, multiple  valvulitis,  pericarditis,  plastic  pleurisy  and  pneumonia, 
nodules,  chorea,  arid  even  iritis  (2  cases) — apparently  all  the  classical 
lesions  of  rheumatism.  In  most  of  the  lesions  cocci  were  found  by  the 
microscope  or  in  culture.  As  a result  of  their  experiments,  Drs.  Poynton 
and  Paine  concluded  that  the  diplococcus  was  a cause  of  rheumatic  fever, 
and  latterly  (1G9)  that  it  was  the  cause.  The  experimental  joint  lesions 
are  of  the  nature  of  polyarthritis,  and  the  exudate  varies  from  a clear 
blood-stained  fluid  to  a thick  fibrino-cellular  mass.  The  diplococci  were 
often  difficult  to  demonstrate  in  the  joints. 

Drs.  Beaton  and  Ainley  Walker  confirmed  the  results  of  Drs.  Poynton 
and  Paine,  isolating  the  diplococcus  in  15  cases  as  detailed  above.  They 
found  it  was  Gram-positive,  and  they  concluded  that  in  ordinary  culture 
media  there  is  nothing  to  distinguish  it  with  certainty  from  Streptococcus 
pyogenes.  On  applying  Marmorek’s  test  they  found  that  the  Micrococcus 
rheumaticvts  grew  in  broth  from  which  a culture  of  Streptococcus  pyogenes 
had  loeen  filtered  off’.  The  coccus  grew  on  very  alkaline  media  ( - 25  on 
Eyre’s  scale).  On  lilood-agar  they  noted  that  the  haemoglobin  round  the 
colonies  becomes  of  a rusty  brown  or  chocolate  colour.  In  rabbits 
seventeen  positive  I’esults  Avere  obtained,  comprising  fever,  Avasting, 
monarthritis,  polyarthritis,  paresis  of  limbs,  endocarditis,  and  septicaemia. 
Large  doses  Avere  required  to  produce  these  rosidts,  except  in  cultures  of 
passage.  In  a subsequent  paper  Dr.  Ainley  AValker  and  Mr.  Eyffel  found 
that  relatively  large  quantities  of  formic  acid  Avere  generated  in  cultures 
of  the  micrococcus,  and  they  also  found  appreciable  quantities  of  the 
same  acid  in  the  urine  of  those  suffering  from  rheumatic  fever,  whereas 
in  normal  urine  it  is  absent  or  present  only  in  traces  (a^  Jaksch) ; under 
salicylate  treatment  the  amount  of  formic  acid  diminished.  The  origin 
of  the  formic  acid  they  attributed  to  oxidation  of  sarcolactic  acid — 
CH3CHOH . COOH  + O = CH3COOH  + H . COOH.  Dr.  W.  Y.  Shaw  inocu- 
lated monkeys  Avith  cocci  isolated  by  Wassermann,  Poynton,  and  Ainley 
Walker.  In  one  ease  a transient  arthritis  superA^ened  in  tAvelve  hours 
after  inoeulation ; in  another  he  noted  polyarthritis,  pericarditis,  endo- 
carditis, myocarditis,  haemorrhagic  infarcts  of  kidney,  bronchopneumonia, 
enlargement  of  the  spleen,  and  death  on  the  fourth  day.  In  the  third 
experiment  polyarthritis  Avas  folloAved  by  a mitral  systolic  murmur,  but 
the  animal  recovered. 

LeAvis  and  Longcope’s  diplococcus  (vide  p.  610),  in  doses  of  1 c.c.  and 
2 c.c.  respectively,  produced  arthritis  in  rabbits,  Avith  thick,  pultaceous, 
creamy  fluid  in  Avhich  cocci  Avere  found.  The  coccus  greAv  well  in  broth 
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on  which  Slreptococcua  pyogenes  had  already  been  grown ; but  a strepio- 
coccus  from  puerperal  sepsis  behaved  in  the  same  way,  thus  throwing 
considerable  doubt  on  the  value  of  Marmorek’s  test  for  differentiatimr 
streptococci. 

The  diplococcus  isolated  by  Dr.  Beattie  (107)  appears  to  be  identical 
with  those  described  above.  He  emphasised  its  great  vitality  on  various 
media,  and  found  that  it  grows  best  at  room-temperatiu-e  (20°  C.),  and 
that  the  growths  on  gelatin  are  relatively  abundant.  Anaerobic  cultiva- 
tion in  his  hands  appeared  to  be  unfavourable.  By  intravenous  inocula- 
tion Dr.  Beattie  produced  endocarditis,  ijolyarthritis,  and  chorea,  a 
combination  of  lesions  similar  to  those  in  rheumatic  fever  in  man.  Dr. 
Beattie  concludes  that  “ Micrococcus  rheumaticus  is  a special  organism  and 
is  causjil  in  acute  rheumatism.” 

Conclusions. — From  the  diversity  of  the  bacteriological  results  it  is 
not  siu’prising  that  even  those  who  support  the  infective  hypothesis 
should  arrive  at  different  conclusions  as  to  the  microbe  or  microbes  con- 
cerned. These  may  be  summed  up  briefly  as  follows  : — 

1.  Eheumatic  fever  is  the  result  of  an  infection  with  a specific 
anaerobic  bacillus.  (Achalme.) 

2.  Eheumatic  fever  owes  its  origin  to  staphylococcus  and  strepto- 
coccus, and  is  merely  an  attenuated  form  of  pysemia.  (G.  Singer.) 

3.  Eheumatic  fever  is  not  due  to  any  pai’ticular  microbe,  but  is  a 
particular  reaction  in  predisposed  persons  to  various  microbes,  especially 
streptococci.  (Menzei\) 

4.  Eheumatic  fever  is  the  result  of  an  infection  with  a specific  diplo- 
coccus. (Poynton  and  Paine,  Ainley  Walker,  Beattie.) 

5.  Eheumatic  fever  is  due  to  a ^^^us  still  unknown.  (Pribram, 
Lenhartz,  and  others.) 

There  is  much  against  Achalme’s  hypothesis  that  rheumatic  fever 
is  caused  by  an  anaerobic,  sporing  bacillus.  This  organism  has  been 
found  in  a relatively  small  number  of  cases,  and  then  for  the  most  jDart 
after  death.  It  has  also  been  found  in  a case  of  malaria  (Melkich).  The 
disease  set  up  by  its  inoculation  into  rabbits  has,  with  the  exception  of 
the  results  of  Thiroloix,  none  of  the  features  of  rheumatic  fever,  but  is 
of  the  type  of  a malignant  oedema.  The  identity  vnth  Dr.  Klein’s  B. 
enteritidis  sporogenes,  and  the  occurrence  in  rheumatism  of  Achalme’s 
bacillus  with  other  microbes,  including  Bacillus  coli,  is  also  significant  of 
an  agonal  or  post-mortem  invasion.  Singer’s  view  that  rheumatic  fever 
is  merely  an  attenuated  staphylococcic  or  streptococcic  pytemia  has  not 
met  with  general  acceptance.  The  very  numerous  positive  results  which 
he  obtained,  especially  in  the  case  of  the  urine,  have  not  been  confirmed 
by  other  investigators.  His  methods  of  examining  urine  for  bacteria  are 
not  efficient  to  settle  the  question,  and  further,  Chvostek  and  Kraus  have 
thrown  considerable  floubt  on  the  genuine  rheumatic  character  of  many 
of  his  ca.sc3.  If  Singer’s  hypothe.sis  be  accepted,  it  is  vciy  difficult  to 
explain  severe,  rapidly  fatal  cases  of  rheumatic  fever,  wliich  kill  without 
a trace  of  suppuration. 
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Metizer’s  observations  on  rheumatism  in  man  and  his  experiments  on 
rabbits  led  him  to  an  hypothesis  which  is  diflicult  to  disprove.  Accord- 
ing to  this  there  is  no  specific  virus  of  rheumatic  fever,  the  disease  being 
caused  mainly  by  streptococci  acting,  so  to  speak,  on  a specific  soil.  The 
peculiarity  of  the  soil  he  refers  to  the  condition  of  the  lymphatic 
app<aratus,  especially  about  the  throat,  and  it  is  this  which  makes  rheu- 
matic fever  appear  to  be  a specific  disease.  Menzer  considers  his  view  is 
supported  by  the  fact  that  streptococci  occurring  in  the  throats  of 
rheumatic  people  act  in  the  same  way  as  those  from  normal  people.  At 
the  same  time  the  occurrence  of  streptococci  in  cases  of  rheumatic  fever 
is  very  far  from  being  constant,  and,  further,  it  is  doubtful,  from  the 
observations  of  Pribram  on  677  cases,  how  far  the  throat  lesions  are 
characteristic  of  acute  rheumatism.  In  this  country  affections  of  the 
throat  preceding  or  during  the  attack  of  the  disease  are  the  rule  (80  per 
cent).  In  Pribram’s  c<ases  there  Avas  a history  of  sore  throat  in  1 ’7  per 
cent  only. 

A view  which  meets  with  acceptance  in  several  quarters  at  the 
present  time  is  that  rheumatic  fever  is  a specific  disease  and  is  caused  by 
a specific  coccus — the  Diplococcus  or  Micrococcus  rheumiticus.  This  view 
has  been  largely  developed  in  this  country,  and  is  associated  mainly 
with  the  names  of  Drs.  Poynton  and  Paine.  It  is  evident  from  the 
published  Avork  that  the  claims  for  specificity  of  this  organism  must 
rest  on  the  experimental  results  obtained  by  its  inoculation  into  animals, 
as  no  other  test  has  yet  been  found  Avhich  Avill  serve  to  differentiate 
it  Avith  certainty  from  streptococci  obtained  from  other  sources.  The 
ex2Derimental  results  of  Triboulet,  Meyer,  Menzer,  Poynton  and 
Paine,  Walker  and  Beattie  have  been  detailed  above.  It  Avas  shcAvn 
that  Menzer  had  jDroduced  Avith  streptococci  from  a mammary  abscess 
and  from  a ease  of  puerperal  sepsis  results  identical  Avith  those  he 
obtained  Avith  cocci  obtained  from  rheumatic  tonsils.  Kecently,  Cole 
(1904)  has  obtained  arthritis  in  the  rabbit  Avith  six  strains  of  strepto- 
cocci isolated  from  cases  in  no  Avay  resembling  rheumatism,  viz.  peri- 
tonitis following  cancer  of  the  stomach,  imerperal  fever,  septicajmia, 
em^Ayema,  ajjpendicitis,  scarlatinal  adenitis.  The  character  of  the 
joint  lesions  closely  resembled  the  acute  I’heumatic  polyarthritis  of  man, 
and  occasionally  exacerbations  occurred  and  recoveries  resulted.  In  tAvo 
cases  endocarditis  Avas  also  f>resent,  aft'ecting  the  mitral  valve.  Cole  Avas 
unable  to  ijroduce  chorea,  although  this  result  has  been  described  Iaa^ 
])r.  Poynton  (164)  and  by  Dr.  Beattie  (108).  The  descriptions  of  the 
choreic  condition  are,  however,  so  brief  that  it  is  difficult  to  form  an 
estimate  of  the  actual  process.  The  obserAvations  of  Menzer  and  of  Cole 
tlirow  considerable  doubt  on  the  speeific  character  of  the  so-called  Micro- 
coccus rheumaticus ; but  apart  from  this  it  is  remarkable  that  this  diplo- 
coccus is  so  difficult  to  isolate  that  a considerable  number  of  competent 
observers  have  failed  to  find  any  microbe  in  cases  of  rheumatism,  and 
this  apjAlies  not  only  to  examinations  of  joint-fluids  and  blood  during  life, 
but  also  to  the  blood  and  heart  lesions  after  death.  In  conjunction  A\nth 
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Dr.  Theodore  Thompson  I have  recently  examined  at  the  London 
Hospital  20  cases  of  characteristic  rheumatic  fever  with  constant  negative 
results.  Five  of  the  cases  were  examined  soon  after  death,  and  in  spite 
of  most  careful  search  in  the  heart-blood,  pericardial  fluid,  pericardium, 
endocardium,  aud  in  vegetations  and  nodules,  both  by  the  microscope  and 
by  cultivation,  no  microbes  Avere  found.  In  one  case  in  Avhich  the  autop.sy 
was  made  forty-one  hours  after  death  the  heart-blood  contained  a charac- 
teristic pneumococcus.  It  is  difficult  to  understand  such  results  if  acute 
rheumatism  be  due  to  a micrococcus  which  admittedly  groAvs  Avell  on 
gelatin  at  a temperature  of  20°  C.  The  large  number  of  negative  results 
obtained  in  cases  of  rheumatism  suggest  rather  that  this  microbe  is  only 
occasionally  present,  and  a complication  of  the  rheumatic  process — a aucav 
held  by  Tribouletj  who  himself  Avas  one  of  the  first  to  study  the  coccus 
in  question.  Another  alternative  is  to  suppose  that  rheumatism  is  not  an 
entity  and  .in  certain  cases  can  be  caused  by  the  Micrococcus  rlimmaticas. 
This  Avas  a A’ieAv  originally  held  by  Drs.  Poynton  and  Paine  (160)  as  a 
result  of  their  earlier  Avork.  In  their  most  recent  publication  (169) 
(1905)  they  appear  to  haA^e  altered  their  position,  in  so  far  that  Avhile 
admitting  that  rheumatic  fever  is  a specific  disease  aud  that  the  diplo- 
coccus  is  the  only  bacterial  cause  of  the  specific  disease,  the  coccus  itself 
need  not  be  specific. 

In  any  case  it  cannot  be  held  as  proved  that  the  Micrococcus  rheimat- 
icus  is  the  cause  of  rheumatic  fever,  as  it  does  not  fulfil  all  or  indeed 
any  of  Koch’s  so-called  postulates.  It  is  not  found  in  every  case  of  the 
disease,  and  the  effects  Avhich  it  produces  experimentally  do  not  differ 
essentially  from  those  produced  by  cocci  which  have  been  isolated  fiom 
cases  haA-ing  nothing  to  do  Avith  rheumatic  fever.  In  spite  of  the 
numerous  investigations  which  have  been  carried  out,  it  seems  to  me  that 
the  etiology  of  rheumatic  fever  still  belongs  to  the  arcana  of  pathology, 
and,  although  what  clinicians  call  rheumatic  fever  is  probably  a specific 
infective  disease,  the  virus  is  not  knoAAm.  W.  Bulloch. 

Symptoms. — The  onset  of  rheumatic  fever  is  in  most  cases  gradual ; a 
few  days  of  malaise,  accompanied  by  pains  in  the  limbs  and  frequently 
a.ssociated  Avith  slight  sore  throat,  is  a common  mode  : Avell-marked  rigors 
are  unusual,  but  chilliness  is  often  complained  of ; the  temperature  is 
raised ; appetite  is  lost ; the  tongue  becomes  furred,  often  thickly  coated, 
in  severe  cases  the  tip  and  edges  may  be  red,  but  in  milder  cases  are 
pallid  and  the  Avhole  organ  flabby  and  indented  at  its  edges  by  the  teeth. 
I’ain  usually  begins  in  one  of  the  larger  joints — the  knee,  hip,  elboAv, 
ankle,  or  shoulder. 

With  the  appearance  of  pain  and  sAvelling  in  the  joints  the  fe\'er 
incrca.ses  ; the  temperature  may  rise  to  103°  F.  or  more,  but  in  hospital 
practice  the  vast  majority  of  patients  Avhen  admitted  have  a temperature 
varying  betAveen  101'  and  103’  F.  The  face  is  flushed;  the  pulse 
I>ecome3  more  frequent  and  is  usually  full  and  strong;  thirst  increases, 
and  there  is  complete  anorexia;  constipation  is  usually  present.  'I'lie 
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severity  of  the  pain  prevents  sleep ; delirium  is  rare,  even  in  severe 
cases.  The  joint  or  joints  first  affected  may  remain  the  seat  of  pain  or 
recover;  hut  by  the  third  or  fourth  day  from  the  beginning  of  the 
illness  pain  and  swelling  have  commonly  attacked  several  joints  in 
succession,  the  pain  passing  off  in  one  as  it  increases  in  another : in  this 
way  nearly  all  the  larger  joints  of  the  extremities  may  be  affected ; more 
rarely  the  sternoclavicular  and.  intervertebral  joints  also  suffer. 

One  of  the  most  striking  features  of  the  disease  is  the  condition  of 
the  skin.  Notwithstanding  the  pyrexia,  the  skin  docs  not  feel  hot  to 
the  touch ; except  in  hyperpyrexia,  it  is  moist  and  perspiring,  and 
in  by  far  the  greater  number  of  cases  the  sweating  is  excessive.  The 
urine  from  the  fii’st  is  high-coloured,  scanty,  of  high  specific  gravit)^ 
strongly  acid,  and  deposits  on  cooling  a copious  precipitate  of  urates ; 
not  infrequently  it  contains  crystals  of  uric  acid.  When  the  fever  is  at 
its  height  a small  quantity  of  albumin  is  often  present  in  it.  The 
duration  of  the  fever  is  variable ; in  previously  healthy  young  adults, 
provided  they  escape  pericarditis  or  severe  endocarditis,  the  acute 
symptoms,  when  uninfluenced  by  drugs,  frequently  subside  in  eight  or 
nine  days,  and  convalescence  is  established  in  another  ten  days.^ 

Such,  very  briefly,  is  the  clinical  aspect  of  the  onset  and  course  of 
rheumatic  fever  of  moderate  severity,  unaccompanied  bj^  either  cardiac 
or  pulmonary  complications.  It  is  necessary,  however,  to  examine  a little 
more  closely  into  its  course  and  the  symptoms  presented. 

Though  the  onset  is  usually  gradual,  it  is  occasionally  quite  sudden. 
I have  known  it  appear  with  excruciating  pain  coming  on  suddenly  in  a 
joint,  and  incapacitating  the  sufferer  from  walking  home.  In  cases 
occurring  suddenly  after  unusual  exposure  rigors  are  not  uncommon ; 
they  are  often  frequent  and  of  moderate  severit3^  Whilst  the  dura- 
tion of  the  fever  in  uncomplicated  and  favourable  cases  may  be  as  above 
stated,  much  more  commonly  it  runs  a protracted  course,  the  acute 
symptoms  subsiding  and  recrudescing  again  and  again.  The  occurrence 
of  genuine  relajyses  is  also  common  under  any  form  of  treatment ; among 
my  own  859  cases  127,  or  14‘78  per  cent,  had  relaiises,^  which  occurred 
with  nearly  equal  frequenc}'  in  first  and  second  attacks,  but  were  less 
often  met  with  in  third  or  subsequent  ones.  Age,  under  forty,  appears 
to  have  little  influence  ; as  in 

34  patients  under  10  years  of  age  5 relapsed  = 17‘64  per  cent. 
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The  average  stay  of  patients  in  hospital  is  a verj'^  imperfect  guide  to 

1 Vide  Sir  Williiim  Gull  and  Dr.  Sutton’s  paper  (44).  . . „ ■ 

- This  average  of  relapses  is  considerably  lower  than  that  given  as  occurring  in  Guj  s 
Hospital  in  cases  treated  with  salicylates  or  its  allies  (27).  This  may  be  due  to  mj  not 
considering  a mere  recuiyence  of  pain  without  a rise  in  temperature  as  a relapse. 
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the  duration  of  the  disease ; a few  prolonged  cases  greatly  increase  the 
average  of  the  whole.  I find  that  for  my  own  cases  the  average  stay 
has  been  thirty-two  days,  and  that  neither  age  nor  the  occurrence  of 
previous  attacks  has  much  effect  in  increasing  or  reducing  the  length  of 
their  stay  in  hospital. 

The  temperature  rises  rapidly  Atuth  the  joint  pains.  Wunderlich 
truly  remarks  that  “ in  an  overwhelming  majority  of  hospital  cases  the 
maximum  temperature  is  reached  either  on  the  day  of  admis.sion  or 
almost  directly  after.”  My  observation  completely  agrees  with  this,  and 
there  can  be  but  little  doubt  that  it  is  due  to  the  fatigue  and  distress 
caused  to  the  sulferers  by  their  removal  to  hospital;  499  had  on  the 
evening  of  the  day  of  admission  a temperature  between  101°  and  103° 
F.;  in  142  the  temperature  was  between  103°  and  104°,  and  in  only 
twenty-three  did  it  exceed  104°  F.  In  the  large  majority  of  the  cases 
these  were  the  highest  temperatures  recorded  during  their  attack.  The 
temperature,  excepting  in  cases  of  hyperpyrexia,  is  highest  in  the  evening. 
The  advent  of  pericarditis  or  severe  endocarditis  is  generally,  though  by. 
no  means  inA'ariably,  marked  by  a rise  in  temperature ; and  the  same 
may  be  said  of  pneumonia  or  pleurisy.  When  treated  vdth  salicylates 
the  temperature  of  the  patients  has  seldom  remained  above  the  normal 
after  the  fourth  or  fifth  day  in  hospital,  and  in  a large  number  of  the 
cases  it  sinks  to  normal  in  from  forty-eight  to  seventy-two  hours. 

Sleeple^ess,  which  is  very  commonly  complained  of,  results  rather 
from  the  severity  of  the  pain  in  the  joints  than  from  mental  excitability  ; 
and  as  soon  as  the  pain  is  relieved  complaints  of  want  of  sleep  are  seldom 
made.  Delirium  is  exceptional ; in  those  who  have  been  guilt}'^  of 
alcoholic  excesses  one  occasionally  meets  with  a condition  resembling 
delirium  tremens.  In  a feAv  cases,  chiefly  among  women,  the  salicylate 
treatment  pushed  too  freely  has  iwoduced  some  slight  wandering  of  mind. 

Joints. — The  aflected  joints  are  swollen,  the  skin  over  them  has  a 
florid  blush,  and  serous  exudation  takes  place  into  their  cavities,  into  the 
tissues  surrounding  them,  or  into  both.  Even  when  neither  redness  nor 
swelling  is  perceptible,  so  long  as  a joint  is  in  pain  increased  heat  can 
usually  be  perceived  by  the  hand  laid  on  it.  When  in  pain  the  joints 
are  kept  by  the  sufferers  in  characteristic  positions : the  knees  slightly 
flexed,  the  ankles  extended,  the  elbows  flexed,  the  wrists  extended,  and 
the  fingers  of  the  hand  slightly  turned  toAvards  the  ulnar  side  of  the 
limb.  One  of  the  most  characteristic  features  of  the  disease  is  the 
migratory  nature  of  the  joint  affection.  The  joint  Avhich  one  day  is 
swollen,  red,  and  acutely  painful  may  on  the  folloAving  da}''  be  free 
from  pain  and  only  a little  .stiff  on  movement;  whilst  others,  normal  on 
the  preceding  day,  are  noAv  the  seat  of  swelling  and  violent  jAain.  The 
swollen  ti.s.sues  round  the  joint  seldom  pit  on  pressure,  and  desquamation 
of  the  eyndermis  does  not  occur,  as  is  so  frequently  the  case  after  acute 
gout.  TTie  cases  of  suppuration  of  the  joints  described  l)y  the  older 
pathologists  Ave  noAv  know  Avere  duo  in  most  instances  to  |)yauuia,  in 
some  to  gonorrhfcal  arthritis. 
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The  condition  of  the  sTdn  is  remarkable,  the  patients  sweat  most  pro- 
fusely ; even  now,  when  it  is  no  longer  the  custom  to  heap  unnecessary 
blankets  on  the  perspiring  sufferers,  excessive  sweating  is  one  of  their 
most  frequent  complaints.  Beads  of  perspiration  collect  on  the  forehead 
and  temples,  and  run  down  into  the  eyes,  adding  to  their  discomfort ; 
and  the  extremities  perspire  as  jDrofusely  as  the  head  and  body.  Very 
different  statements  have  been  made  as  to  the  chemical  reaction  of  lh>, 
perspiration.  It  is  commonly  said  to  have  a sour  smell  and  acid  reaction ; 
of  the  sour  smell  about  rheumatic  patients  there  can  be  no  doubt,  and 
that  it  is  due  to  excessive  perspiration  is  equally  true ; but  that  this  is 
caused  by  any  abnormal  constituents  in  the  perspiration  is  at  present  not 
proved ; should  Dr.  Ainley  Walker’s  and  Mr.  Eyffel’s  statement  that 
formic  acid  is  invariably  present  in  the  urine  of  these  patients  be  con- 
firmed, it  is  probable  that  the  same  acid  may  be  present  in  the  sweat ; 
but  apart  from  this  explanation  the  fermentative  changes  which  take 
place  in  the  perspiration  after  it  is  poured  out  would,  I think,  account 
for  the  odour.  Exactly  the  same  smell  is  present  about  persons  in 
perfect  health  who  do  not  change  their  underclothes  after  free  perspira- 
tion induced  by  exercise  and  physical  labour.  Normal  sweat  is  such  a 
complex  substance,  and  differs  so  greatly  with  the  parts  of  the  body 
where  it  is  secreted,  that  little  value  is  to  be  attached  to  observations 
recorded  in  rheumatic  fever;  according  to  my  own  experience,  based 
upon  a large  number  of  observations  made  upon  carefully  cleaned  skin  ; 
the  perspiration  on  the  face  and  chest  is  usually  feebly  acid,  as  it  is  in 
ordinary  circumstances  in  health. 

In  connexion  with  the  excessive  sweating  sudamina  (15)  are  of 
frequent  occurrence ; they  are  essentially  the  same  as  those  which  occur 
in  scarlatina,  typhoid,  and  other  febiile  states  accompanied  by  free  sweat- 
ing ; but  they  do  not  run  quite  the  same  course.  In  rheumatism  they 
go  through  changes  rarely  if  ever  seen  in  other  conditions.  The  vesicles, 
at  first  clear  and  in  fact  only  visible  in  certain  lights,  become  much  more 
perceptible,  their  contents  become  milky  and  opaque,  and  their  l>ases 
are  surrounded  by  a minute  ring  of  redness.  Senator,  speaking  of 
sudamina,  says  “ they  are  often  associated  with  miliaria  rubra  un- 
doubtedly caused  by  the  irritating  effect  of  the  copious  secretion  on  the 
skin.”  I feel  sure  that  the  vesicles  of  miliaria  rubra  in  rheumatism  are 
the  later  stage  of  sudamina.  The  contents  of  the  vesicles  in  the  clear 
stage  give  an  acid  reaction  to  litmus  paper ; after  becoming  milky  they 
are  usually,  if  not  always,  neutral  or  feebly  alkaline. 

Urine. — The  older  researches  into  the  condition  of  the  urine  in 
rheumatic  fever  threw  no  light  on  the  nature  of  the  disease.  The  urine 
presented  the  same  general  features  as  in  other  pyrexial  states.  Dr. 
Ainley  Walker  and  Mr.  Ryffel  have  lately  shewn  that  formic  acid  in 
appreciable  quantities  is  constantly  present  in  the  urine  during  rheumatic 
fever,  while  it  is  absent  or  occiu’s  in  traces  only  in  normal  urine. 
They  find  also  that  formic  acid  is  obtainable  from  the  tissues  of  rabbits 
sufferino-  from  acute  arthritis  due  to  inoculation  of  the  Micrococcus 
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rheuinalicii!::,  ami  that  tho  amount  of  formic  aciil  present  wlien  salicylates 
are  being  taken  is  less  than  when  none  is  being  taken.  The  urine 
presents  tho  same  features  as  in  other  pyrexial  conditions.  Notwith- 
standing that  patients  are  kept  on  a linid  diet,  and  that  the  thirst 
almost  always  present  induces  tliem  to  drink  freely,  tho  excessive  loss  of 
water  by  sweating  usually  reduces  the  quantity  of  urine  passed  below 
the  normal  amount.  In  colour  it  is  a reddish-yellow  of  varying  intensity, 
and  the  specific  gravity  high  (from  1020  to  1030) ; it  is  clear  when  first 
passed,  and,  unless  the  patient  be  under  treatment,  invariably  deposits  on 
cooling  a heavy  precipitate  of  pinkish  or  fawn-coloured  urates ; crystals 
of  uric  acid  are  not  infrequent.  The  heightened  colour  of  the  urine 
depends  on  the  presence  of  a large  quantity  of  hsematojjorphyrin  and  a 
small  quantity  of  urobilin.  Dr.  Garrod  (39)  failed  to  find  any  relation 
between  the  severity  of  the  rheumatic  attacks,  or  the  destruction  of 
blood-corpuscles,  and  the  amount  of  the  colouring  matter.  The  high 
specific  gra\dty  is  due,  not  to  an  increase  in  the  total  amount  of  solids 
excreted,  but  to  the  diminished  quantity  of  water  passed.  Senator 
states  that  the  amount  of  urea  passed  exceeds  the  normal,  notwithstand- 
ing that  the  diet  may  be  very  poor  in  albuminous  substances.  In  cases 
treated  by  blistering  fibrinuria  has  been  observed. 

Complications.^ — Endocarditis,  pericarditis,  and,  in  less  degree,  myo- 
carditis, can  hardly  be  considered  complications  of  acute  rheumatism ; 
they  are  just  as  miich  part  of  the  disease  as  the  affection  of  the  joints. 
As  certain  joints  escape,  so  in  some  cases  no  affection  of  the  lining 
or  investing  membrane  or  of  the  muscular  tissue  of  the  heart  occurs. 
The  statistics  of  the  frequency  -with  which  the  different  structimes  of  the 
heart  are  involved  in  the  disease  are  be'wildering ; partly  from  their 
numbers,  partly  from  the  different  modes  in  which  they  have  been  drawn 
up,  the  majority  of  them  having  been  collected  to  prove  the  advantage 
of  some  particular  mode  of  treatment.  I shall  therefore  confine  myself 
to  my  own  experience. 

Endocarditis  affects  the  sexes  eciually.  It  is  difficult,  jaerhaps  impossible, 
to  determine  during  an  attack  when  endocarditis  begins,  for  it  gives  rise 
to  no  special  symptoms  ; but,  in  a large  majority  of  cases,  if  no  endocardial 
mm-mur  be  present  during  the  first  ten  days  of  an  attack  the  endocardium 
escapes." 

Perricardilis. — It  is  usually  stated  that  pericarditis  occurs  with  much 
greater  frequency  in  men  than  women ; the  records  of  St.  Bartholomew’s 
Hospital  do  not  shew  any  considerable  preponderance  of  men.  In  my 
first  series  of  cases,  859  in  number,  the  percentages  of  pericarditis  were 
14‘87  for  men  and  9’95  for  women,  whilst  in  the  second  series,  1431  in 
number,  the  percentages  for  the  rivo  sexes  were  nearly  equal,  being 
11T3  for  men  and  10'92  for  women  ; putting  the  two  series  together, 

' The  a«.‘<ociation  of  palpitation  and  dilatation  of  the  heart  in  young  persons  witli 
rhenrnatUrn  was  (according  to  Dr.  M.  Baillie  (6))  first  discovered  in  1780  l)y  Dr.  David 
Pitcairn,  phy.sician  to  St.  Bartlioloincw’s  Ifo.spit'il. 

^ On  thU  jioint  .see  al.so  (!nll  and  Sutton  (t  l). 
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in  2290  patients,  pericarditis  occurred  in  12‘22  per  cent  of  the  male  and 
in  10-53  of  the  female  patientsd  Of  the  155  instances  of  pericarditis 
noted  in  the  second  series  67  or  43'29  per  cent  were  met  with  in  first 
and  88  or  56 '77  per  cent  in  second  or  subsequent  attacks,  figures  which 
hardly  bear  out  the  generally  received  opinion  that  pericardial  inflam- 
mation is  more  common  in  first  than  in  subsequent  attacks.-  The  danger 
to  life  is  undoubtedly  much  greater  in  first  attacks,  no  less  than  43-29 
per  cent  of  the  67  first  attacks  proving  fatal,  whilst  only  11-36  per  cent 
of  the  88  cases  occurring  in  second  or  subsequent  attacks  were  followed 
by  death.  Of  the  29  fatal  cases  5 were  under  ten  years  of  age,  8 
between  ten  and  fifteen,  10  between  fifteen  and  twenty.  The  influence 
of  age  on  the  incidence  and  fatality  of  pericarditis  in  first  attacks  is 
strikingly  shewn  by  these  figures. 

The  onset  of  pericarditis  may  occur  at  any  time  during  the  course  of 
the  fever,  in  this  respect  differing  from  endocarditis,  and  is  more  common 
in  cases  in  which  the  joint  affection  is  severe  than  in  those  whose  joints 
are  less  severely  and  generally  affected.  It  is  often  attended  by  no 
special  symptoms ; neither  pulse,  respiration,  nor  general  condition  being 
altered.  In  other  cases,  before  any  ^pericardial  rub  can  be  detected,  an 
increased  frequency  of  pulse,  a sense  of  oppression  or  pain  in  the  cardiac 
region  sometimes  increased  by  pressure,  a rise  of  temperature,  and  an 
alteration  in  the  sounds  of  the  heart  are  to  be  observed.  Clinically  the 
important  sign  is  not  so  much  the  presence  of  pericardial  friction  as 
the  extent  of  the  praecordial  dulness,  which  is  a measure  of  the  amount 
of  effusion  present.^  The  effusion  usually  consists  of  organisalile 
lymph,  and  is  often  very  lai’ge : fluid  effusion  is  less  frequent ; when 
present  it  is  generally  serous,  and  rarely  becomes  purulent  or  blood- 
stained. In  the  seventy-nine  cases  of  paracentesis  pericardii  collected 
by  Dr.  S.  West  (84),  eleven,  or  possibly  twelve,  took  place  in  the  course 
of  i-heumatic  fever.  In  the  doubtful  case  pus  was  evacuated ; in  all 
the  others  the  effusion  was  serum,  or  blood-stained  serum ; and,  excepting 
in  one  instance  where  two  pints  were  evacuated,  the  amount  was  small. 
Pericarditis  in  cases  terminating  fatally  is  seldom  unassociated  with 
endocarditis.  Clinical  experience  and  the  results  of  many  jJost-mortem 
investigations  shew  that  it  may  be  recovered  from  without  learing  serious 
mischief ; even  when  the  surfaces  of  the  pericardium  become  adherent 
little  harm  appears  to  result  unless  the  adhesions  be  dense  and  thick,  or 
the  parietal  portion  of  the  j^ericardium  is  also  adherent  to  the  pleura  or 
wall  of  the  chest. 

Dr.  Cheadle  has  drawn  attention  to  the  grave  results  of  pericarditis 
in  children,  from  its  interference  Avith  the  growth  and  nutrition  of  the 
heart ; and  Sturges  to  the  increased  risks  that  are  occasioned  by  its 

1 The  ri.sk  of  ilrawiug  couolusious  from  statistics,  unless  the  numbers  are  very  large,  is 
well  shewn  in  these  figures,  for  the  inclusion  of  my  second  series  of  cases  reduced  the 
difference  of  the  percentage  in  women  from  5 to  1 per  cent. 

These  figures  agreeing  closely  with  those  of  Dr.  Sibson  (oy;.  cit.  p.  208),  which  are 
41-61  for  first  and  58-76  for  subsequent  attacks. 

^ Care  must  be  taken  not  to  mistake  dilatation  of  the  left  heart  for  eflusion. 
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presence.  As  these  conditions  will  be  treated  of  in  the  article  on  “ Acute 
Khenmatism  in  Children  ” (p.  645)  I will  not  further  allude  to  them. 

The  presence  of  endocarditis  of  greater  or  less  severity  is  a very  con- 
stant accompiniment  of  the  disease,  and  forms  its  most  serious  feature, 
as  it  leads  to  lasting  and  progressive  morbid  changes  in  the  cardiac  valves. 
The  endocardium  over  the  mitral  valve  is  especially  prone  to  be  attacked. 
.\ffections  of  the  aortic  valves  alone  are,  comparatively  speaking,  rare ; 
when  the}'  are  involved,  disease  of  the  mitral  valves  is  almost  always 
present  (73).  Endocarditis,  either  recent  or  old,  was  noted  in  about 
one-half  of  my  own  cases.  The  liability  to  endocarditis  diminishes  A^^th 
the  age.  Dr.  David  Pitcairn’s  original  observations  on  the  connexion 
between  palpitation,  dilatation  of  the  heart,  and  rheumatism  related  to 
young  pei'sons ; and  Sir  Thomas  Watson  says,  “ I have  known  only  three 
pereons  pass  through  acute  rheumatism  with  an  untouched  heart  prior  to 
the  age  of  puberty,  and  in  two  of  them  I am  by  no  means  certain  that 
the  articular  disease  Avas  true  rheumatism.”  My  own  experience  is  very 
much  the  stime.  Among  my  hospital  cases,  in 

36  under  10  years  of  age  29  had  signs  of  old  or  recent  endocarditis  = 80 '65  per  cent. 


309  „ 

20 

223 

} J 

= 72-16 

i 1 

297 

30 

159 

fi 

} i 

= 53-53 

143  „ 

40 

58 

1 > 

= 40-55 

»> 

92  over 

40 

19 

>> 

}9 

= 34-64 

j } 

12  age  not  stated 

6 

)) 

= 50-00 

1 j 

889 

494 

= 57-50 

Taking  first  attacks,  the  percentage  remains  much  the  same  during 
the  first  two  decades,  but  decreases  notably  afterwards. 

In  16  cases  under  10  yearsof  age  endocarditis  was  present  in  12=75'00  per  cent. 
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In  two  of  the  four  patients  under  ten,  ivho  are  tabulated  as  escaping 
endocarditis,  pericarditis  occurred  ; but  the  sounds  and  size  of  the  heart 
were  normal  on  discharge  from  hospital.  The  above  figures  sheiv  veiy 
strikingly  that  rheumatic  fever  is  a disease  of  youth  and  early  adult 
life,  and  that  the  younger  the  sufferers  the  greater  the  liability  to  cardiac 
implication. 

Myocarditis. — It  is  probable  that  hi  all  but  the  slightest  cases  of  peri- 
carditis a certain  amount  of  myocarditis  is  present.  Dr.  S.  West  (85) 
h.'is  drawn  attention  to  dilatation  of  the  heart  occurring  in  rheumatic 
fever,  or  as  an  early  sequel  of  it ; and  he  has  recorded  a case  in  Avhich 
well-marked  symptoms  of  cardiac  failure  occurred  ivithout  any  evidence 
of  endo-  or  [lericarditis.  A fatal  case  was  met  with,  at  St.  Thomas’s 
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Hospital,  in  whicli  acute  granular  degeneration  of  the  muscular  tissue 
was  found  after  death ; but  in  this  instance  pei'icarditis  was  present  also. 
Somewhat  similar  cases  were  recorded  liy  Maclagan.  Drs.  Lees  and 
Poynton  have  shewn  the  frequency  with  which  dilatation  of  the  heart 
is  found  in  rheumatism  and  chorea  in  children  and  young  persons,  and 
consider  it  evidence  that  in  rheumatism  there  is  some  toxic  action  exerted 
on  the  cardiac  muscle,  enfeebling  it.  Among  my  own  cases  I have  met 
with  a few  in  which  an  increased  area  of  cardiac  dulness,  feeble  first 
sound  of  the  heart,  and  weakness  of  the  pulse,  have  been  present  without 
any  evidence  of  valvular  or  pericardial  lesion  ; but  how  far  the  condition 
was  due  to  an  acute  change  in  the  heart’s  muscle  I cannot  venture  to  .say. 
Rheumatic  myocarditis,  apart  from  peri-  or  endocarditis,  I have  never 
seen  in  the  post-mortem  room. 

The  clinical  course  and  the  effects  of  rheumatic  inflammation  of  the 
heart  and  its  coveimigs  in  3'^oung  children  differ  in  many  respects  from 
what  we  meet  with  in  adults.  The  same  may  be  said  of  rheumatic  fever 
itself ; for  in  young  children  the  fever,  as  measm’ed  by  the  temperature, 
is  seldom  high,  and  the  articular  pains  are  slight.  As  acute  rheumatism 
in  young  children  will  form  a separate  article  in  this  work  (p.  645),  the 
subject  will  not  be  further  considered  here.  After  the  age  of  twelve  or 
fourteen  the  symptoms  present  resemble  those  of  adults. 

The  other  complications  of  rheumatic  fever,  with  the  exception  of  hyper- 
pyrexia, require  but  little  comment.  Pneumonia  and  pleurisy  are  the  two 
most  important  concurrent  conditions ; and  the  former  presents  clinical 
features  in  rheumatic  patients  which  differ  from  those  ordinarily  accom- 
panying it.  The  amount  of  consolidation  is  often  considerable,  Avhilst 
cough  is  infrequent,  and  there  is  little  or  no  expectoration.  Pleurisy 
occasionally  leads  on  to  effusion,  iDut  among  all  my  cases  I have  only  once 
had  to  tap  the  chest.  Pneumonia  occurs  more  frequently  than  pleurisy, 
and  is  very  generally  an  accompaniment  of  pericarditis.  Statistics  of  the 
frequency  of  these  complications  are  given  by  many  observers,  but  differ 
widely.  The  proportionate  numbers  are  much  higher  in  the  older  tables 
than  in  the  later  ones,  owing  to  the  inclusion  in  them  of  pyjemic  and 
septicaemic  cases  (38).  Bronchitis,  in  anything  like  an  acute  form,  has 
been  rarer  among  my  cases  than  pleurisy.  Tonsillitis  is  not  an  infrequent 
precursor  of  or  concomitant  Avith  an  attack.  Exantheins  of  A^arious  sorts 
are  common;  in  my  1431  cases  I find  erythematous  rashes  noted  as 
jiresent  in  26  ; purpuric  ones  in  16  ; erythema  nodosum  in  10. 

A consideration  of  the  affinity  betAveen  acute  rheumatism  and 
chorea  does  not  fall  Avithin  the  limits  of  this  article.  During  the  acute 
stage  chorea  is  not  common,  but  it  is  met  Avith  most  usually  in  connexion 
Avith  pericarditis.  It  was  present, -in  the  second  series  of  1431  cases,  in 
six  girls,  the  eldest  of  whom  Avas  fifteen,  and  in  eleven  boys,  one  being 
eighteen,  the  rest  under  tAvelve  years  of  age.  Among  the  cases  in  Avhich 
chorea  has  been  present  during  the  acute  stage,  several  have  1:)een  in 
young  men  beyond  the  age  at  Avhich  chorea  is  usually  seen  in  the  male 
sex.  Tavo  Avere  under  my  OAvn  care,  and  the  chorea,  Avhich  Avas  very 
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severe,  c;ime  on  very  shortly  after  pericarditis  had  set  in.  Conver.sely  a 
girl  was  admitted  into  my  ward  with  chorea,  heart-mnrmni-,  and  no  joint 
artection,  in  whom  hyperpyre.xia  supervened  and  ended  fatally.  After 
death  a small  patch  of  lymph  was  found  on  the  surface  of  the  left  ventricle, 
and  many  vegetations  on  the  margins  of  the  mitral  and  aortic  valves. 

During  the  course  of  scarlet  fever,  and  the  period  of  convalescence 
from  it,  pain  and  swelling  in  the  joints  may  arise  {vide,  p.  45G). 

Hyperpyrexia. — Since  the  regular  use  of  the  clinical  thermometer 
the  natiu-e  of  the  cases  of  rheumatic  fever  characterised  by  marked  and 
decided  cerebral  symptoms  has  become  known.  These  cases  were 
formerly  thought  to  be  due  to  a metastasis  of  the  rheumatic  inflammation 
from  the  joints  and  heart  to  the  meninges  of  the  brain,  and  were  spoken 
of  as  cerebral  rheumatism.  Senator  says,  “ Acute  cerebral  or  spinal 
meningitis  may  set  in,”  and  quotes  tAvo  cases,  one  from  Lebert  and  one 
from  Dr.  Stretch  Dowse,  in  support  of  this  statement.  I have  referred 
to  the  case  reported  by  the  latter,  and  find  no  reason  for  thinking  it  was 
rheumatic.  Dr.  Dowse  considered  it  to  be  a case  of  acute  arachnitis  in  a 
dissolute  woman  exposed  to  great  cold  and  hardship  immediately  before 
the  begimiing  of  her  fatal  illness,  and  he  does  not  attribute  it  in  any  Avay 
to  rheumatism.  The  majority  of  the  cases  formerly  regarded  as  rheumatic 
meningitis  Avere  undoubtedly  pysemic ; yet  meningitis  apparently  does 
OCCU1-,  as  in  the  Clinical  Society’s  report  on  hyperpyrexia  two  instances  are 
said  to  haA'e  been  met  Avith  among  tAventy-four  post-mortem  examinations. 

Hyperpyrexia  is  said  to  occur  more  frequently  among  men  than 
Avomen.  Taking  the  cases  collected  by  Wilson  Fox  (32),  the  Com- 
mittee of  the  Clinical  Society,  and  myself,  we  have  110,  sixty-three 
(57‘27  per  cent)  occurring  in  the  male,  and  forty-seA'en  (42'72  per  cent) 
in  the  female  sex. 

It  is  difficult  to  estimate  the  proportion  cases  of  hyperpyrexia  beai- 
to  the  number  of  attacks  at  different  ages  j its  occurrence  in  early  child- 
hood is  as  yet  unknown,  and  the  earliest  age  among  the  cases  here  collected 
was  a boy  of  twelve  (17).  Of  the  110  collected  cases — 

16  occurred  in  persons  under  20  years  of  age. 
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From  these  figures  it  Avould  appear  that  no  period  of  life,  except  early 
childhood,  is  exempt  from  this  complication ; after  the  age  of  sixty  rheu- 
matic fever  is  of  extreme  rarity.  Hyperpyrexia  is  met  Avith  more 
frequently  in  fir.st  attacks  than  in  subsequent  ones.  Of  the  110,  fifty- 
eight  ( = d3’45  per  cent)  Avere  in  the  course  of  a first,  tAventy-tAvo  of  a 
second,  eight  of  a third,  tAvo  of  a fourth  or  subsequent  attiick  ; Avhilst  in 
twenty  the  number  of  the  attack  is  not  recorded.  The  liability  to  and 
VOL.  fi. — l*T.  [ 2 s 
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mortality  from  hyperpyrexia  appears  greater  in  first  than  in  subsequent 
attacks. 

^Vhat  elevation  of  temperature  is  to  bo  called  hyperpyrexia  ? The 
Clinical  Society’s  Committee  divided  the  cases  into  three  groups : those 
of  undoubted  hyperpyrexia,  Avith  temperatures  of  106°  F.  or  upAvards ; 
those  sheAving  a marked  tendency  to  a continued  and  persistent  tempera- 
ture of  a high  range  (104°  F.)  j and  a third  group  (in  Avhich  only  three 
cases  are  included),  in  Avhich  the  symptoms  usually  accompanying  hyper- 
jAyrexia  Avere  present  but  Avithout  an  excessive  temperature.  I think  cases 
not  exceeding  105°  F.  should  hardly  be  considered  as  cases  of  hyper- 
pyrexia ; and  in  my  eighteen  cases  I have  not  included  any  Avhich  did  not 
exceed  this  standard.  The  danger  to  life  is,  generally  speaking,  in  pro- 
portion to  the  height  of  the  temperature,  but  recovery  has  taken  place 
after  the  temperature  has  reached  111°  F.  (28). 

Tlie  eases  in  Avhich  hyperpyrexia  supervenes  do  not  as  a rule  differ  at 
the  outset  from  others ; many  of  them  are  described  as  being  mild,  until 
the  alarming  symptoms  arose.  In  not  a fcAv  of  the  fully  reported  cases 
the  sufiferers  are  stated  to  have  been  in  a more  or  less  depressed  mental 
condition  for  some  time  prior  to  the  advent  of  the  rheumatic  attack ; and 
several  authorities  have  expressed  an  opinion  that  these  cases  are  met 
Avith  more  frequently  in  patients  Avhose  constitutions  have  been  AA^eakened 
by  alcoholic  or  other  excesses ; but  there  appears  to  be  no  good  evidence 
in  support  of  this  vieAv. 

With  the  rise  of  temperature  the  commonest  concurrent  symptoms 
are  diminution  of  the  pains  in  the  joints  and  sometimes  complete  cessation 
of  them ; extreme  restlessness  jAassing  into  acute  delirium,  or  droAvsiness 
deepening  later  into  stupor  : spasm  of  certain  groups  of  muscles,  or 
general  convulsions  are  not  uncommon.  The  profuse  sAveating  diminishes, 
and  in  some  instances  perspiration  appears  Avholly  suppressed,  and  the 
skin  is  intensely  hot  and  burning  to  the  touch.  AVith  the  rise  in  tempera- 
ture Ave  find  great  acceleration  of  the  pulse  and  rate  of  breathing.  In 
some  patients  a large  increase  in  the  amount  of  urine  passed  has  been 
noted,  and  not  infrequently  persistent  and  uncontrollable  diarrlima  comes 
on.  Death  is  almost  ahvays  preceded  by  coma. 

Although,  Avith  the  advent  of  hyperpyrexia,  it  is  undoubtedly  true 
that  in  many  cases  the  articular  pain  diminishes,  or  at  all  events  is  less 
complained  of,  the  Clinical  Society’s  Committee  found  that  in  many  the 
condition  of  the  joints  remained  unaltered,  and  that  pericarditis  Avas 
present  in  more  than  half  ; 70  per  cent  of  those  Avho  recovered  had  peri- 
carditis at  the  onset  of  hyperpyrexia,  and  in  42  per  cent  of  the  fatal  cases 
the  same  condition  Avas  found  after  death. 

The  rise  of  temperature  occupies  a variable  amount  of  time.  The 
highest  point  may  be  reached  Avithin  a fcAv  hours  of  tlie  commencement 
of  the  symptoms ; or  the  maximum  may  not  be  met  AAoth  until  several 
days  of  high  temperature  have  passed  (37).  In  cases  Avhich  have  not 
been  treated  by  direct  application  of  cold,  the  highest  temperature  is 
usually  at  the  time  of  death ; and  in  several  instances  it  has  been 
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observed  to  rise  for  <1  short  time  after  death.  A continuously  elevated 
temperature,  especially  if  it  occur  in  a patient  whose  joint  pains  have 
moderated,  aiul  in  whom  there  is  no  evidence  of  pericarditis  or  other  com- 
plication, should  give  warning  of  the  possibility  of  hyperi>yrexia ; and 
means  should  be  taken  to  reduce  the  temperature.  The  probability  of  its 
occurrence  is  still  further  increased  if,  in  addition  to  a continuously  high 
temperature,  unusual  restlessness  or  vigilance  be  present; 

Hyperpyrexia  is  most  apt  to  arise  during  the  second  week  of  the 
fever,  but  instjvnces  have  been  known  as  early  as  the  second  day  and  as 
late  as  the  twenty-ninth  (18).  Out  of  seventy -four  cases  in  wliich  the 
date  of  its  occurrence  and  of  the  beginning  of  the  attack  was  known, 
hyperpyrexial  symptoms  commenced  on  the  seventh,  eighth,  or  ninth  day 
in  25  (33‘7  per  cent). 

Causation  of  Hyperpyrexia. — The  group  of  symptoms  of  which  rapid  rise 
in  temperature  to  an  extreme  point  is  the  most  remarkable  feature  is  not 
confined  to  rheumatism.  A similar  condition  may  be  met  Avith  in  small- 
pox, scarlatina,  typhus  and  enteric  fevers,  pneumonia,  and  more  frecpientl}', 
perhaps,  in  pytemia  yet  there  can  be  no  doubt  that  hyperpyrexia  arises 
much  more  frequently  in  acute  rheumatism  than  in  any  other  disease. 
Kheumatic  hyperpyrexia  appears  to  be  more  prevalent  in  some  years  than 
in  others,  so  that  cases  are  apt  to  occur,  as  it  were,  in  runs  ; but  there  does 
not  appear  to  be  any  direct  connexion  betAveen  the  prevalence  of  rheumatic 
fever  and  the  number  of  hyperpyrexial  cases.  Hyperpyrexia  occurs,  in 
London  at  all  events,  AA'ith  much  greater  frequency  in  the  summer  months 
— June,  July,  and  August  (18) — than  in  the  other  portions  of  the  year. 

At  present  the  pathology  of  hyperpyrexia  is  unknoAvn.  The  heat- 
regulating mechanism  of  the  body  is  in  some  Avay  or  other  throAvn  out 
of  gear,  and  the  cerebral  symjjtoms  are  probably  dependent  on  the  circu- 
lation through  the  brain  of  unduly  hot  blood  (63,  76,  82),  producing 
symptoms  similar  to  those  met  Avith  in  abnormally  high  temperatures 
of  other  specific  diseases  and  of  insolatio.  AndreAV  remarked  many 
years  ago  that  the  suddenness  of  the  rise  of  temperature  is  remark- 
ably similar  to  Avhat  constantly  occurs  at  the  close  of  cerebral  dis- 
ease in  its  coarser  and  more  common  forms, — hremorrhage,  softening, 
meningitis,  or  cerebral  tumom-.  In  what  Avay  the  heat-regulating  centres 
(if  they  exist)  are  primarily  affected  is  unknoAvn.  Lebert  AA^as  in  favour 
of  the  vicAV  that  in  acute  disease,  in  certain  circumstances,  a poisonous 
material  is  formed  in  the  body  Avhich  causes  paralysis  of  the  nervous 
centres ; others  have  supported  the  A'ieAv  that  the  increased  heat  due  to 
febrile  metabolism  of  tissue  is  sufficient  of  itself  to  cause  paralysis  of  the 
nerA'ous  centres  on  Avhich  the  heat-regulating  mechanism  depends.  In 
Avhatsoever  way  the  paralysis  of  the  heat-regulating  centres  be  produced, 
a vicious  circle  is  set  up,  resulting  in  an  overheated  condition  of  the  body 
and  a consequent  deterioration  of  tissue,  the  muscular  tissue  of  the  heart 
especially  suffering  (vide  vol.  i.  p.  846  et  seq.). 

Sequels. — Jlcsides  those  pertaining  to  the  heart  and  its  coverings 
the  sequels  of  the  disejise  arc  fcAV.  It  has  already  been  remarked  that 
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it  is  rare  for  a joint  to  suffer  permanent  injury;  in  this  respect  the 
disease  offers  a strong  contrast  to  osteo-arthritis,  gonorrhoeal  arthritis, 
and  gout.  The  most  serious  evil,  other  than  cardiac  mischief,  wliich  it 
leaves  behind  it  is  the  tendency  to  further  attacks  and  anmmia.  Dr. 
Garrod  has  extended  and  in  the  main  confirmed  the  observations  of 
Hayem  on  the  condition  of  the  blood  in  acute  rheumatism ; he  shews 
that  an  attack  is  always  accompanied  by  a very  considerable  fall  in  the 
number  of  the  red  corpuscles,  and  that  this  fall  takes  place  with  great 
rapidity ; besides  the  diminution  of  the  red,  both  observers  are  agreed 
that  there  is  a slight  increase  in  the  number  of  the  white  corpuscles. 
Dr.  Garrod  further  remarks  that  in  cases  running  a favourable  course 
without  serious  pulmonary  or  cardiac  lesions,  the  red  corpuscles  very 
rapidly  rise  to  the  normal  standard  again.  Hayem  states  that  in  pro- 
tracted cases  the  red  corpuscles  fall  in  numbers  continuously,  but  Dr. 
Garrod  found  that  having  fallen  to  a low  level  the  numbers  of  the  red 
corpuscles  remained  stationary.  The  variations  in  the  haemoglobin-worth 
of  the  red  corpuscles  follow  closely  the  variations  in  their  number ; but 
in  some  instances  the  percentage  of  haemoglobin  in  the  corpuscles  con- 
tinues to  fall  during  convalescence,  although  the  number  of  red  corpuscles 
may  increase.  He  sums  up  his  conclusions  thus  (39) : “ The  anaemia  of 
rheumatism  is  of  two  kinds:  (1)  an  acute  oligocythaemia  developing 
during  the  acute  stage,  and  rapidly  recovered  from  as  soon  as  convales- 
cence sets  in  ; and  (2)  a pseudo-chlorotic  condition  which  is  developed  as 
a sequel  of  the  attack  in  a few  cases,  and  which  unless  it  is  appropriately 
treated  may  last  for  a long  period,  the  fall  of  worth  continuing  in  spite 
of  the  amelioration  of  the  patient’s  condition  in  other  respects.” 

The  appropriate  treatment  of  these  anaemic  patients  is  the  main 
difficulty  in  the  management  of  convalescence  from  rheumatic  fever ; in 
other  cases,  simple  attention  to  the  digestion  and  regulation  of  the  bowels 
is  all  that  is  necessary,  and  bark,  the  old  remedy  for  acute  rheumatism,^ 
often  appears  to  me  of  use  and  preferable  to  quinine.  Anaemic  patients, 
and  those  in  whom  there  has  been  endo-,  myo-,  or  pericarditis,  should  not 
be  allowed  to  get  up  until  they  have  made  very  considerable  progress. 
Iron  is  frequently  ill  tolerated  in  the  anaemic  condition  immediately  con- 
sequent on  an  attack,  although  at  a later  period  it  may  be  of  great  benefit; 
cautious  trial  may  be  made  of  the  various  preparations  of  iron,  as,  if  well 
borne,  they  usually  relieve  the  anaemia  quickly  : in  patients  who  are 
unable  to  take  ferruginous  tonics,  arsenic  is  of  use,  and  I have  not 
infrequently  seen  great  benefit  from  cod-liver  oil. 

The  gravity  of  the  cardiac  lesions  left  by  endocarditis  frequently  does 
not  shew  itself  until  long  after  convalescence  has  been  established ; 
it  is  essential,  therefore,  that  all  violent  exercise  or  efforts  calculated 
to  strain  the  heart  should  be  avoided  for  a considerable  time  after  con- 
valescence appears  comjDlete.  At  the  same  time,  sufficient  exercise  to 
improve  the  general  health  and  to  keep  up  the  vigorous  nutrition  of  the 
heart  is  of  the  utmost  importance. 

’ Used  by  Haygarth  on  the  recommendation  of  Dr.  Fotbergill. 
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Dilatation  of  the  stomach  is  not  a veiy  rare  sequel  of  acute  rheumatism, 
and  is  a grave  obstacle  to  recoveiy  [cide  art.  “ Dilatation  of  the  Stomach,” 
vol.  iii.] 

In  connexion  with  rheumatic  fever  mention  must  be  made  of 
rheumatic  nodules — small,  firm,  subcutaneous,  fibrous  nodules — which  arc 
found  with  much  greater  frequency  in  children  than  in  women  or  men. 
There  is  no  doubt  that  subcutaneous  nodules  are  most  commonly 
associated  with  disease  of  the  cai-diac  valves.  In  the  cases  collected 
by  Sir  T.  Barlow  and  Dr.  Warner,  Dventy- seven  in  number,  there 
was  but  one  in  which  cardiac  disease  was  not  well  marked ; never- 
theless, several  cases  have  been  reported  in  women  (13,  24,  85)  in  whom 
no  morbid  sound  at  the  heart  was  noted,  and  in  adults  their  jjatho- 
logical  meaning  and  bearing  on  prognosis  do  not  appear  to  have  much 
value.  In  my  second  series  of  patients,  1431  in  number,  nodules  are 
noted  as  present  in  twenty -one.  The  importance  of  their  presence  in 
3'ottng  chilch’en  is  shewn  by  seven  out  of  nine  under  1 1 years  of  age  Avho 
had  them  dying,  whilst  of  the  other  tweh^e  none  died ; among  them  were 
two  women  aged  22  and  39.  For  an  account  of  these  subcutaneous 
nodules  on  children,  see  p.  655 ; and  for  their  morbid  anatomy,  pp.  605,  655. 

The  diagnosis  of  rheumatic  fever,  excepting  in  young  children,  seldom 
presents  serious  difliculty;  nevertheless  there  are  some  conditions  Avhich 
may  be  mistaken  for  it,  and  occasionally  it  is  imiDOssible  to  form  a 
differential  diagnosis  until  the  case  has  been  under  observation  for  some 
time.  Osteo-arthritis  in  women  who  haA^e  been  exhausted  by  child-bearing 
and  lactation,  and  more  especially  in  those  Avhose  recovery  from  child- 
birth has  been  imperfect  and  accompanied  with  uterine  discharge,  begins, 
I believe,  much  more  frequently  in  an  acute  or  subacute  manner  than 
is  generally  supposed.  I have  seen  many  cases  beginning  with  slight 
fever  and  joint-pains  resembling  those  of  rheirmatic  fever,  in  Vhich  there 
was  no  tendency  to  cardiac  affections,  and  no  response  to  salicylate 
treatment ; such  patients  after  a time  have  sloAvly  improved,  but  have 
been  left  AA-ith  stiffness  and  some  enlargement  about  the  affected  joints, 
and  Avere  destined,  I fear,  to  become  the  victims  of  chronic  osteo-arthritis. 
Gonorrhceal  rheumatism — or,  more  properly,  synoAutis — may  be  recognised 
by  the  presence  or  history  of  a urethral  discharge,  by  the  condition  of 
the  affected  joints,  and  by  the  fixity  of  the  pain  in  them. 

Pycernia,  Avhen  not  secondar}'^  to  some  obA’ious  form  of  injury,  is  usuall}^ 
due  to  acute  necrosis  or  osteomyelitis  of  some  long  bone,  or  to  disease  of 
the  petrous  portion  of  the  temporal  bone,  and  is  the  state  most  commonly 
confounded  Avith  acute  rheumatism.  The  rarity  of  rigors  in  rlieumatism, 
and  their  frequency  and  severity  in  pysemia,  may  prevent  this  error : in 
acute  necrosis  of  the  long  bones  there  is  usually  general  sAvelling  and 
acute  tenderness  of  the  limb  affected,  together  Avith  cedema ; and  in 
dise.'ise  of  the  petrous  bone  either  a history  of  a discharge  from  the  ear, 
or  the  pre.sencc  of  it,  together  Avith  tenderness  OA^ei'  the  mastoid  process 
and  some  puffiness  about  the  tissues  jn  its  neighbourhood.  In  jn'ajmia 
the  joint  or  joints  affected  remain  so,  and  tlie  p;iin  and  sAvelling  do  not 
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shift.  The  condition  of  the  skin  and  the  character  of  the  fever  are 
valuable  guides — the  skin  in  the  pyasmic  cases  being  often  hot  and  burn- 
ing, and  rarely  perspiring  to  the  same  degree  as  in  rheumatic  fever,  whilst 
the  temperature  is  of  a hectic  character.  Infective  or  ulcerative  endo- 
carditis, Avhich  may  be  secondary  to  rheumatic  affection  of  the  valves,  is 
frequently  accompanied  by  pain  and  swelling  in  the  joints,  and  may 
be  mistaken  for  rheumatic  fever.  The  enlargement  of  the  spleen,  due 
to  infarction,  and  the  presence  of  albumin  or  blood,  or  both,  in  the  urine, 
due  to  similar  conditions  in  the  kidneys,  together  with  the  hectic  character 
of  the  fever,  usually  prevent  any  difficulty  in  recognising  this  condition. 

A first  attack  of  g(m.t  in  a young  subject  may  be  another  cause  of 
hesitation  for  a time,  but  attention  to  the  history  and  the  absence  of 
cardiac  mischief  will  leave  little  doulst  as  to  the  diagnosis.  In  babies  I 
have  known  infantilescunyrm&takm  for  rheumatism  (cf.  p.  648)  j in  older 
children  the  swelling  and  tenderness  accompanjung  haemorrhage  into  a 
joint  in  hcemopMlia  simulate  rheumatism  very  closely.  The  muscular  and 
arthritic  pains  accompanying  the  early  stages  of  spinal  disease  are  often 
taken  to  be  rheumatic,  but  they  can  hai’dl}'^  be  confounded  -with  rheu- 
matic fever.  Among  the  rarer  conditions  which  should  be  mentioned  are 
trichinosis  and  glanders,  which  latter  at  the  outset  is  not  infrequently 
mistaken  for  rheumatic  fever. 

Treatment. — While  we  remain  doubtful  of  the  immediate  cause  of 
acute  rheumatism,  its  treatment  remains  in  one  sense  empirical.  It  is 
profitless  to  go  at  length  into  the  various  methods  of  treatment  which 
have  been  in  vogue  at  different  times  .since  Sydenham  first  clearly  defined 
the  disease,  and  treated  it  (with  the  great  exception  of  bleeding)  on  the 
principles  by  which  wc  are  guided  now ; nevertheless  it  will  be  advisable 
to  review  very  briefly  the  methods  that  have  been  used.  Sydenham  (76) 
says,  “No  one  doubts  the  inflammatory  nature  of  pleurisy,  and  the 
blood  of  rheumatism  is  as  like  the  blood  of  pleurisy  as  one  egg  is  like 
another.  Hence  the  cure  is  to  be  sought  in  blood-letting.”  We  can  no 
longer  uphold  the  father  of  modern  clinical  medicine  in  this  opinion,  Imt 
his  rules  as  to  regimen  and  diet  still  hold  good.  Nor  should  it  be 
forgotten  that  he  says  (77),  “With  young  persons  and  those  who  have 
not  over-indulged  in  Avine,  rheumatism  may  be  dispelled  by  spare  and 
cooling  diet,  provided  that  it  be  moderately  nourishing.  This  aauII  often 
do  as  Avell  as  repeated  bleedings,  which  are  but  badly  borne.”  Syden- 
ham’s teaching  and  practice  held  their  ground  until  the  middle  of  the 
last  century,  and  it  Avas  chiefly  due  to  the  practice  and  teaching  of 
P.  M.  Latham,  Todd,  Watson,  and  Corrigan  that  the  profession  in  this 
country  recognised  the  error  of  Amnesection.  Thus  Latham  says,  “ I have 
seldom  employed  venesection,  and  never  largely”;  Todd  says,  “ IMy 
experience  leads  me  to  value  very  lightly  the  efficacy  of  general  bleeding 
in  inflammation  of  the  heart”;  and  Watson,  “I  seldom  open  a vein  in 
these  cases.”  The  French  school  at  the  beginning  of  the  last  centurA’ 
carried  Amnesection  to  extreme  excess,  and  somcAAfliat  later  Bouilland,  to 
whom  Ave  OAve  much  for  his  demonstrations  of  the  connexion  betAveen 
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rheumatism  ami  heart  disease,  was  perhaps  the  greatest  bleeder  of  them 
all.  As  bleeding  fell  into  disuse  purgation  came  in.  Maclcod,  indeed, 
embraced  both  in  his  severe  discipline ; and  Hope  made  use  of  calomel 
and  opiimr  together  with  salts  and  senna  in  doses  sufficient  to  ensure  four 
or  live  stools  daily. 

The  alkaline  system  of  treatment  was  brought  into  general  promi- 
nence by  Fuller,  and  was  adopted  bj'  the  bulk  of  practitioners  in  this 
country : though  it  never  had  the  s<ime  popularity  on  the  Continent. 
Founded  on  the  conception  that  rheumatism  was  due  to  the  presence  of 
an  acid  in  the  blood,  it  was  thought  that  if  this  acidit3'  could  be 
neutralised  benefit  to  the  patient  would  ensue.  The  alkaline  treat- 
ment still  has  strong  supporters  in  this  country,  and  I think  it  cannot 
be  denied  that  it  is  beneficial ; by  depressing  the  heart’s  action  it  tends 
to  lessen  the  danger  of  the  occurrence  of  pericarditis,  and  possibly  of 
endocarditis.  Its  gi’eatest  benefit  was  that  its  adoption  led  to  the 
diminution  or  abandonment  of  the  treatment  by  mercurials,  which  had 
been  so  universally  inflicted  on  sufferers  from  endo-  or  pericarditis. 

We  now  can  ascribe  little  or  no  therapeutic  value  to  the  lemon 
juice  treatment  first  introduced  by  Owen  Kees,  and  used  by  Lebert 
and  others  abroad.  Lebert  made  a very  careful  trial  of  it,  gi^'ing 
the  juice  in  increasing  doses  until  six  ounces  a day  were  arrived 
at.  It  appears  to  me  hardly  necessary  to  do  more  than  mention  col- 
chicum,  veratria,  aconite,  tartar  emetic,  quinine,  and  other  well-known 
drugs,  which  have  each  in  their  turn  been  recommended  on  higli 
authority ; nor  the  more  recentlj''  introduced  antipyrin,  phenacetin,  and 
trimethylamine,  which  reduce  the  temperature  indeed,  but  appear  to 
have  no  really  beneficial  action  on  the  disease.  The  marked  antemia 
which  accompanies  and  follows  acute  rheumatism  led  to  the  administra- 
tion of  iron,  especially  the  perchloride ; but  experience  has  shewn  that 
in  the  acute  stage  it  is  useless  if  not  injurious. 

The  general  experience  that  the  fever  and  the  pain  in  the  joints  are 
increased  by  movement,  has  led  to  the  method  of  treating  these  cases  by 
mechanical  fixation  of  the  joints  A^dth  plaster  of  Paris  or  starch  bandages  ; 
good  results  are  said  to  hav^e  folloAved  this  plan,  but  I haA^e  no  experience 
of  it  myself,  and  it  has  been  little  tried  in  this  country.  For  a time  the 
treatment  by  blistering  OA'er  or  near  the  affected  joints,  so  stronglj’ 
advocated  by  Davies,  Avas  in  favour ; but  no  one,  I think,  Avould  noAv  main- 
tain that  it  was  of  any  assistance  in  the  elimination  of  the  morbid  matter. 
Injection  of  various  substances  into  the  tissues  surrounding  the  affected 
joints  has  been  practised  : Senator  speaks  favourably  of  his  experience  of 
Kunze’s  method  foO),  of  injecting  a 1 per  cent  solution  of  carbolic  acid  ; 
and  Dr.  Gillespie  has  recorded  some  cases  in  Avhich  a 10  per  cent  solution 
Avas  used  Avith  marked  success  so  far  as  the  relief  of  the  pain  Avas  concerned. 

Ksmarch  and  Stromeyer  recommend  the  application  of  cold  com- 
j>re.s.ses  or  ice-bag.s,  and  many  years  ago  1 )r.  Dover  said  of  rheumatism  ; 
“This  is  likcAvise  a liighlv  inflammatory  fever;  the  blood  docs  not 
appear  more  pleuritical  or  sizcA'  in  any  distemper  than  this.  Bleeding  in 
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this  case  is  no  remedy.  I myself  have  known  many  lose  a hundred  ounces 
of  blood  and  more  without  relief.  The  cure  is  much  easier  performed 
without  that  operation.  Immersion  in  cold  water  is  a remedy  of  singular 
use,  as  is  evident  from  many  hundreds  that  have  been  cured  by  cold  water.” 
The  use  of  willow  bark  in  the  treatment  of  intermittent  and  other 
fever's  has  been  advocated,  from  time  to  time,  for  moi'e  than  a hundred 
years  (80)  j its  virtues  have  been  considered  by  some  observers  to  be 
superior  to  those  of  cinchona.  With  the  advance  of  chemical  knowledge 
its  active  principle,  salicin,  was  recommended  for  the  same  uses  about 
seventy-five  years  ago  (7),  and  about  thirty  jmars  later  salicylic  acid  was 
introduced  to  medical  practice  ; at  first  mainly  as  a disinfectant.  Almost 
simultaneously  salicylic  acid  in  Germany  (69,  74)  and  salicin  in  this 
country  were  used  for  the  treatment  of  acute  rheumatism ; and  the 
results  obtained  were  so  favourable  that  the  treatment  of  acute  rheuma- 
tism by  salicin,  salicylic  acid,  or  its  compounds,  quickly  became  general. 
The  inconveniences  in  the  use  of  salicylic  acid  were  great ; it  is  insoluble, 
disagreeable  to  take,  and  causes  not  infrequently  gastric  and  intestinal 
irritation : it  was  soon  found  that  its  alkaline  salts  had  the  same 
beneficial  effects  without  the  disadvantages,  and  in  this  country  sali- 
cylate of  soda  is  used  almost  to  the  exclusion  of  other  compounds.  The 
addition  of  an  ecjual  or  rather  larger  amount  of  bicarbonate  to  the 
salicylate  of  sodium  usually  prevents  any  unpleasant  efiects,  and  appears 
to  increase  the  efficiency  of  the  drug.  I have  had  but  little  experience  in 
the  use  of  aspirin  in  acute  rheumatism  ; it  is  stated  to  be  better  tolerated 
than  salicylic  acid  or  the  salic}dates,  and  to  be  of  great  value.  In  cases  of 
chronic  rheumatic  pain  and  gout  it  has  appeared  to  me  of  decided  benefit. 

I have  seldom,  if  ever,  seen  serious  or  alarming  symptoms  produced 
by  salicylate  of  soda,*  similar  to  those  described  by  Greenhow,  and 
alluded  to  by  Sir  William  Broadbent  and  others,  when  due  care  was 
taken  to  diminish  the  quantity  given  as  its  effects  are  manifested.  In 
cases  of  pericarditis,  where  myocarditis  may  be  j)resent  without  our 
knowledge,  caution  must  be  exercised  in  the  use  of  salicylate,  and  the 
force  and  frequency  of  the  pulse  be  noted  at  frequent  intervals.  Cere- 
bral symptoms  have  been  more  frequently  observed,  not  only  the  deaf- 
ness, singing  in  the  ears,  buzzing  and  sound  of  rushing  of  water  in  the 
head  which  occur  whenever  the  drug  is  pushed  a little  too  far,  but 
decided  wandering  of  the  mind.  This  has  occurred  in  my  experience 
more  frequently  in  women  than  in  men,  and  has  occasionally  taken  place 
before  the  patients  appeared  to  be  fully  under  the  influence  of  the  drug. 

Experience  shews  that  the  most  favourable  treatment  foi'  cases  of 
ordinary  severity  is  as  follows  : — Twenty-gi'ain  doses  of  salicylate  of  soda 
every  two  or  three  hours  until  the  patient  is  fully  under  the  influence  of 
the  drug  and  the  jjain  in  the  joints  relieved,  which  usually  hapj^ens  in 
twenty-four  hours  or  less ; the  drug  should  then  be  reduced  in  quantity, 
and  as  soon  as  the  pain  is  gone  and  the  temperature  fallen  to  normal,  the 
amount  should  be  further  reduced  to  half  a drachm  or  a drachm  in  the 
twenty-four  hours.  This  small  dose  should  be  continued  for  ten  to 
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fourteen  days,  as  its.  continued  administration  appears  to  have  a decidedly 
beneficial  ettect  in  warding  oil’  relapses. 

1 fear  that,  notwithstanding  the  marked  relief  that  patients  obtain 
from  treatment  with  salicylates,  we  cannot  regard  them  as  specific 
remedies ; cardiac  complications  appear  as  common  now  as  of  old,  and 
relapses  are  :is  frequent. 

If  the  tongue  be  coated  and  the  bowels  constipated,  a free  purgative 
of  calomel,  or  calomel  and  colocynth,  followed  if  necessary  by  sulphate  of 
magnesia,  is  advisable ; a free  action  of  the  bowels  at  the  commencement 
of  the  salicylate  treatment  apjiears  in  great  measiii’e  to  obviate  the 
unpleasant  cerebral  effects  of  the  drug. 

The  diet  should  be  ffuid,  and  consist  mainly  of  milk  and  farinaceous 
compounds,  such  as  arroAvroot,  corn-flour,  rice,  and  so  forth.  A moderate 
amount  of  beef-tea  or  other  animal  broths  may  be  allowed.  I ha^m  never 
seen  advantage  from  rigidly  cutting  off  all  animal  broths,  as  recommended 
by  some  writers  (1).  Plain  water,  barley  watei',  lemonade,  or  imperial 
drink  may  be  allowed  at  will  to  assuage  the  thirst  from  which  the 
patients,  notwithstanding  their  fluid  diet,  usually  suffer.  As  a general 
rule,  alcoholic  stimulants  are  to  be  avoided ; but  in  cases  of  prostration 
benefit  is  obtained  from  the  administration  of  small  quantities  (not  more 
than  one  to  three  ounces)  of  brandy  in  the  riventy-four  hours. 

In  cases  complicated  Avith  severe  endo-  or  pericarditis  stimulants  are 
more  fi'equently  required,  and  the  diet  must  be  more  generous — eggs 
beaten  up  Avith  milk  and  brandy,  and  a large  quantity  of  animal  soups, 
being  advdsable. 

Rest  is  most  important,  and  for  this  purpose  attention  should  be  paid 
to  the  bed,  which  should  be  flat,  smooth,  and  not  too  soft.  Feather-l)eds 
are  to  be  avoided,  and  the  patient  shoAild  be  lightly  clothed.  Perspira- 
tion is  so  abundant  that  the  sufferers  are  more  comfortable  when  lying  on  a 
blanket  than  on  linen,  and  they  should  Avear  flannel  or  merino  bedgoAvns. 

The  existence  of  endo-  or  pericarditis  calls  for  no  special  change  of 
treatment.  If  in  pericarditis  much  pain  be  present,  a comparatwely  rare 
event,  the  application  of  a feAv  leeches  to  the  pi-tecordia  usually  relieves 
it ; Avhere  discomfort  and  oppression  are  present  rather  than  acute  pain, 
a blister  is  of  use ; and  blistering  appears  to  favour  absorption  of  the 
effusion.  Dr.  Lees  speaks  most  faAmurably  of  the  application  of  ice  to 
the  chest  in  pericarditis.  In  his  experience  it  tends,  Avhen  applied  con- 
tinuou.sly  to  the  chest,  to  check  th.e  Auolence  of  the  local  inflammation, 
hinders  effirsion,  helps  to  cause  absorption,  diminishes  the  dilatation  of 
the  heart,  and  is  usually  grateful  to  the  feelings  of  the  patient.  I have 
no  exyjcrience  of  its  use  in  pericarditis ; in  croupous  pneumonia  it 
appears  to  me  an  uncertain  mode  of  treatment ; some  patients  like  it 
and  are  relieved  by  it,  but  many  are  not  able  to  tolerate  it.  No  one 
noAv  believes  in  the  efficaey  of  mercury  in  controlling  rheumatic  peri- 
cJirditi.s.  It  used  to  be  given  by  the  physicians  of  former  generations  in 
conjunction  Avith  opium  ; and  I am  convinced  that  in  many  cases  in 
Avhich  fly.spno;a  and  re.stlessne.ss  occur,  marked  benefit  is  obtained  from 
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the  moderate  and  judicious  administration  of  opium,  which  in  these  cases 
I prefer  to  morphine. 

In  the  treatment  of  endocarditis  endeavour  should  be  made  to  give  the 
heart  as  little  work  to  do  as  possible.  In  addition  to  perfect  rest  in  bed, 
Dr.  Caton  speaks  favourably  of  the  results  he  has  obtained  by  simul- 
toneously  giving  sodium  or  potassium  iodide,  and  frequently  applying 
small  blisters  to  the  chest. 

The  pain  and  swelling  around  the  joints  are  so  capricious,  and  move 
so  rapidly  from  joint  to  joint  when  no  applications  are  made  to  them, 
that  it  appears  doubtful  whether  topical  applications  have  much  effect 
either  in  relieving  the  pain  or  influencing  the  disease.  Fomentations  and 
all  wet  applications  are  troublesome  and  not  to  be  recommended ; belhi- 
donna  or  opium  liniment  applied  on  lint,  covered  vdth  oil-silk,  sometimes 
appears  of  ser^^ce,  or  wrapping  the  joints  in  simple  cotton-wool.  It  has 
lately  been  stated  that  oil  of  wintergreen,  or  salicylic  acid,  lanoline,  oil  of 
turpentine,  of  each  one  part,  with  lard,  ten  parts,  applied  externally  to  the 
joints  act  as  well  as  when  taken  internally,  being  absorbed  by  the  skin.  In 
the  few  cases  in  which  I have  used  this  application,  I have  failed  to  find 
any  evidence  of  absorption  of  salicylic  acid  as  tested  by  its  presence  in  the 
urine  ; and  I have  not  seen  any  benefit  to  the  patient.  AVhen  tenderness 
and  stiffness  remain  about  a joint  much  relief  may  be  obtained  from  pro- 
perly directed  passive  movements  and  rubbing.  Acute  rheumatism  rarely 
injures  a joint  permanently ; and  when  ankylosis  or  persistent  stiffness 
results,  in  all  probability  the  original  disease  was  not  acute  rheumatism. 

Treatment  of  Hyperpyrexia. — Experience  has  shewn  that  in  these  cases, 
as  in  insolatio,  no  antipyretic  drugs  are  of  any  use.  The  only  successful 
mode  of  treatment  is  the  rapid  abstraction  of  heat,  and  by  this  means 
we  are  able  to  snatch  some  sirfferers  from  the  very  jaws  of  death. 
Meding  appears  to  have  been  the  first  to  save  life  in  this  way — in  the 
case  of  a woman  in  whom  hyperpyrexia  occurred  about  the  twentieth  day 
of  an  attack  of  rheumatic  fever  following  erysipelas.  The  rheumatic 
attack  was  of  niodei'ate  severity  and  complicated  with  endocarditis ; the 
temperature  rose  to  108'6°  F.  In  the  same  year  Wilson  Fox  (33)  ]3ub- 
lished  his  first  case  treated  unsuccessfully  by  repeated  immersion  in  cold  and 
tepid  baths,  and  the  following  year  his  two  successful  ones  (34).  Although 
the  value  of  cold  affusion  in  the  treatment  of  fevers  had  been  recognised 
for  years,  and  its  efficacy  in  insolatio  had  been  proved  by  Morehead  and 
others  of  large  Indian  experience,  it  was  not  until  after  the  publication  of 
Wilson  Fox’s  cases  that  the  treatment  of  hyperjjyrexia  by  the  I’apid  abstrac- 
tion of  heat  was  systematically  used  in  this  country.  Prolonged  experience 
has  proved  its  efficacy  not  only  in  “ rheumatic,”  but  also  in  other  forms  of 
pyrexia ; and  many  lives  have  been  saved  by  this  means.  When  this 
mode  of  treatment  was  first  made  use  of,  the  patients  were  placed  in 
baths  of  90°  F.  or  higher,  and  the  water  gradually  cooled.  Experience 
has  shewn  that  nothing  Avas  gained  by  this,  the  temperature  of  the  bath 
need  not  be  raised  above  65°  F. — the  more  rapidly  heat  can  be  extracted 
from  the  patient  the  better,  and  the  less  the  subsequent  exhaustion  ; 


RHEUMATIC  FEVER 


63s 


hence  it  is  a good  plan  to  add  ico  rather  than  Avater  of  the  temperature 
of  the  air  to  the  bath  as  it  is  heated  by  the  patient.  Cold-water  pack- 
ing alone  is  not  of  much  effect  \ but  ice-packing  and  rubbing  the  body 
with  lumps  of  ico  haA'O  secured  results  nearly  as  satisfactory  as  the  cold 
bath,  and  can  be  applied  Avhen  facilities  for  bathing  are  not  at  hand. 
Care  should  be  taken  to  sponge  the  head  Anth  ice-cold  water  or  to  appl}’^ 
an  ice-cap  AA’hilst  the  patient  is  in  the  bath.  The  duration  of  the  bath 
depends  on  the  rapidity  of  the  fall  in  temperature  and  the  condition  of 
the  patient.  It  is  desirable,  if  possible,  to  keep  the  patient  in  the  bath 
until  the  temperature  has  fallen  fiA-e  or  six  degi’ees.  If  decided  shivering 
comes  on,  the  patient  must  be  taken  out  of  the  bath,  even  if  the  tempera- 
ture has  not  fallen  many  degrees ; not  infreqAiently  the  temperature  con- 
tinues to  fall  for  a time  after  removal  from  the  bath.  To  combat  the 
collapse  Avhich  sometimes  folloAvs,  the  free  use  of  stimulants  is  required  ; 
and  should  the  temperature  sink  below  the  normal,  and  blueness  and 
liA-idity  of  the  face  or  extremities  remain,  hot  bottles  should  be  applied 
to  the  feet  and  back.  Abstraction  of  heat  being  the  only  method  as  yet 
known  of  benefiting  these  patients,  the  cold  bath  must  be  repeated  as  often 
as  necessity  arises ; patients  have  recovered  after  undergoing  tAventy-six 
baths;  in  one  case  diu'ing  thirteen,  in  another  during  sixteen  days  (17). 

The  presence  of  pneumonia  or  of  peri-  or  endocarditis,  though 
probably  adding  to  the  danger  of  a fatal  issue,  does  not  in  any  Avay 
contra-indicate  the  use  of  the  cold  bath. 

It  is  difficidt  to  form  an  estimate  of  the  proportionate  number  of  cases 
of  hyperpyrexia  which  are  saved  by  this  treatment,  as  the  fatal  cases  are  not 
reported  so  freely  as  those  in  which  recovery  takes  place.  The  mortality  of 
the  collected  cases  to  which  reference  has  been  made  was  as  folloAvs : — 


Cases. 

Deaths. 

Recoveries. 

1 Clinical  Society’s  Report 

67 

33 

34 

Wilson  Fox’s  cases  ....... 

22 

19 

3 

Other  cases  collected  by  the  Author’  .... 

21 

8 

13 

1 

110 

60 

50 

Omitting  18  cases  of  "Wilson  Fox’s  collected  cases,  in  which  the  applica- 
tion of  cold  was  not  tried,  there  remain  92 — 42  deaths  and  50  recoveries. 

W.  S.  C. 

ServM  Treatment. — Assuming  that  rheumatic  fever  is  caused  I)}’’  a 
streptococcus,  Menzer  has  prepared  a scrum  by  inoculating  horses  Avith 
living  cultixres  obtained  directly  from  human  cases.  This  serum  is 
supplied  by  Merck  and  described  as  Menzer’s  serum.  Its  action  is 
stated  to  be  Ixactcriolytic,  but  no  expenmcntal  proof  has  been  adduced 
that  this  is  so.  The  method  by  Avhich  the  strength  of  the  serum  is 
standardi.sed  is  also  ungJitisfactory,  a “ normal  ” serum  being  such  that  if 
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1 c.c.  is  injected  subcutaneously  it  will  produce  in  chronic  streptococcus 
infections  in  man  a distinct  local  and  general  reaction.  For  cases  of  rheu- 
matic fever  Menzer  recommends  daily  injections  of  5-10  c.c.  up  to  a total 
dose  of  50  c.c.,  with  intervals  of  one  or  two  days  in  cases  of  high  fever. 

From  the  results  of  his  treatment  of  a considerable  number  of  cases, 
Menzer  concludes  that  the  serum  treatment  of  rheumatic  fever  gives 
better  results  than  any  other  method,  in  so  far  that  there  is  less  chance 
of  the  development  of  a chronic  rheumatism,  and  that  the  frequence  of 
endocarditis  and  relapses  is  diminished.  These  views  are  not  confirmed 
by  the  observations  of  Sinnhiiber  or  Bibergeil,  although  they  noted 
some  improvement  in  chronic  cases.  W.  B. 

The  appendices  need  a few  words  of  explanation  and  comment. 

Dr.  Newsholme,  in  the  Milroy  Lectures  of  the  year  1895,  when  deal- 
ing with  the  returns  of  the  Army  Medical  Department,  did  not  separate 
rheumatism  from  rheumatic  fever.  An  examination  of  the  figures  in 
Appendix  II.  shews  how  necessary  it  is  that  this  should  be  done  in 
estimating  the  frequency  of  rheumatic  fever  at  any  station ; as  it  will 
be  seen  that  at  some  stations  where  the  admissions  for  rheumatism  are 
high  no  case  of  rheumatic  fever  was  met  with.  In  Appendix  I.  I give 
tlie  proportion  of  deaths  from  rheumatic  fever  and  rheumatism  of  the 
heart  in  every  1000  deaths  in  the  United  Kingdom  and  in  some  of  our 
Colonies.  Vital  statistics  are  not  kept  in  the  same  form  in  all  our 
Colonies,  which  renders  it  difiicult  to  compare  their  figures  with  those 
for  this  countiy ; the  same  difficulty  is  also  met  with  in  endeavouring 
to  compare  the  returns  of  foreign  countries  with  our  own.  The  figures 
given  apply  to  rheumatic  fever  or  acute  rheumatism,  no  such  term  as 
rheumatism  of  the  heart  occurring  in  the  foreign  returns.  In  Dr.  News- 
holme’s  Milroy  Lectures  a very  large  amount  of  statistical  information 
as  to  the  mortality  and  occurrence  of  rheumatic  fever  is  given.  The 
figures  given  in  the  table  are  for  years  subsequent  to  those  collected  by 
Dr.  Newsbolme.  By  the  kindness  of  the  Director-General  I was  furnished 
with  the  figures  placed  in  the  second  column  of  Appendix  II.,  which  shew 
the  amount  of  rheumatic  fever  in  the  army  during  the  years  1889-91. 
In  giving  the  returns  for  1903,  which  can  be  obtained  from  the  “Eeport 
on  the  Health  and  Sanitary  Condition  of  the  Army,”  prefixed  to  the 
statistical  tables,  I have  thought  it  desirable  to  give  the  total  number 
of  men  at  the  various  stations,  as  the  ratio  per  1000  of  strength  iii  stations 
where  the  numbers  are  small  gives  an  incorrect  impression  of  the 
frequency  of  the  disease. 

Appendices  III.  and  lY.  are  republished  in  their  original  form.  I 
attach  little  imijortance  to  IV.  It  is  roughly  in  accordance  with  the  returns 
of  the  Registrar-General,  which  shew  that  the  mortality  from  rheumatic 
fever  and  rheumatism  of  the  heart  is  greater  in  the  north-western  division 
and  in  the  large  centres  of  population  than  in  the  other  divisions  of  the 
kingdom.  The  east  coast  appears  to  suffer  decidedly  less  than  the  west ; 
Newcastle-on-Tyne,  which  is  a vast  manufacturing  city,  is  alone  in  pre- 
senting a high  average.  In  compiling  this  list,  care  was  taken  to  make 
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use  only  of  the  returns  of  those  hospitols  which  aftbrclecl  full  infonna- 
tion  as  to  the*actual  numbers  of  their  rheumatic  fever  or  acute  I'heumatism 
cases ; and  of  the  annual  number  of  their  medical  as  distinguished  from 
their  surgical  pjitients.  I am  glad  of  this  opportunity  of  tendering  my 
thanks  to  the  secretjiries  and  resident  officers  who  have  so  kindly  supplied 
me  with  the  information  which  enables  me  to  compile  ApjDendices  IV.  and 
V.,  at  a trouble  and  labour  to  themselves  which  I fear  was  considerable. 


Appendix  I. — Shewing  the  Eatio  of  Deaths  attributed  to  Eheumatic 
Fever  in  every  1000  Deaths  in  various  Countries. 


Stations. 

RaUoofDoatlis 
from  Illieiimatic 
Fever  per  1000 
of  Deaths. 

Remarks. 

England  and  Wales 

4 •62 

Years. 

1903. 

Scotland  .... 

3-78 

Ireland ..... 

2-75 

Xew  South  Wales . 

4-48 

,,  Average  for  6 years,  4 ’03. 

Western  Australia 

2*72 

Victoria  .... 

1-69 

,,  Average  for  10  years,  1891-1900, 

Tasmania  .... 

6-18 

5-30. 

Xew  Zealand 

4-69 

British  Columbia  . 

4-45 

Jamaica  .... 

1-64 

,,  For  the  European  population  only. 

Straits  Settlements 

0-27 

1904.  For  the  -whole  population  of  all 

Queensland  .... 

13-70 

nationalities. 

1903.  For  rheumatism,  gout,  and  arthritis 

Ceylon  ..... 

6-78 

grouped  together. 

,,  For  all  forms  of  rheumatism  in  the 

Mauritius  .... 

1-33 

•whole  population. 

,,  For  all  forms  of  rheumatism  in  the 

Honduras  .... 

1-01 

whole  population. 

,,  For  all  forms  of  rheumatism  in  the 

Denmark  .... 

1-10 

whole  population. 
Average  for  10  years,  1894-1903. — 

Italy 

1-21 

Max.  (1897),  1’42  ; min.  (1902),  0’71. 
Average  for  9 years,  1894-1902. — 

Xorway  .... 

2-86 

Max.  (1899),  1-38  ; min.  (1894),  1'06. 
Average  for  10  years,  1894-1903. — 

Prussia  .... 

2-37 

Max.  (1902),  3-11  ; min.  (1894),  1 98. 
Average  for  9 years,  1894-1902. — 

iMrgf,  CUies 

Berlin  ..... 

2-38 

Max.  (1902),  2-76;  min.  (1898),  2-22. 
Average  for  11  years,  1894-1904. — 

Chri.stiania  .... 

2-35 

Max.  (1900),  3-53  ; min.  (1894),  1'42. 
Average  for  11  years,  1894-1904. — 

Cojienhagen  .... 

3-23 

Max.  (1903),  3-55;  min.  (1904),  1'29. 
Average  for  11  years,  1894-1904. — 

Pari.')  ..... 

1-91 

Max.  (1897),  .'i'02  ; min.  (1902),  0‘97. 
Average  for  3 years,  1901-1903. — 

New  York  City  and  Brooklyn 

3-48 

Ma.x.  (1903),  2-1  1 ; min.  (1902),  1-7.’’). 
Average  for  6 years  prior  to  1894. 

Appendix  II. — -Abstracted  from  the  Army  Medical  Keports,  shewing  the  average  Number  of  Admissions  to  Hospital 
for  Rheumatism  and  Rheumatic  Fever  per  1000  of  strength  at  the  various  stations  prior  to  1891,  the  ratio  of 
admissions  per  1000  of  strength  for  Rheumatism  during  1903,  the  actual  number  of  men  at  the  various  stations, 
and  the  number  of  admissions  for  Rheumatic  Fever  during  1903. 
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Appendix  III. — Statistics  of  Rheumatism  abstracted  from  the  Official 
Returns  of  our  Colonies  and  Colonial  Dependencies,  shewing  the 
average  Number  of  Cases  of  Rheumatism  admitted  to  the  Civil 
Hospitals  per  thousand  of  admissions  from  all  causes. 


Stations. 

Admissions  for 
Rheumatism  per 
thousand  of  Total 
Admissions. 

Remarks.  I 

1.  Honduras  ..... 

92-07 

2.  Victoria  (Australia) 

71-32 

6 years. 

3.  Jamaica  ..... 

66-11 

6 years. 

4.  Straits  Settlements 

53-95 

4 years. 

5.  Sierra  Leone  .... 

53-56 

6.  New  Zealand  .... 

53-33 

7 years. 

7.  Nova  Scotia  .... 

44-25 

8.  Western  Australia 

42-71 

9.  Province  of  Ontario 

41-82 

* 

10.  Cape  of  Good  Hope 

41-10 

11.  South  Australia  .... 

38-44 

Adelaide  Hospital  only. 

12.  Ceylon  ..... 

36-30 

13.  St.  Helena  ..... 

30-44 

14.  British  Guiana  .... 

28-40 

15.  Victoria  Hospital  (Halifax) 

26-45 

16.  Mauritius  ..... 

23-79 

17.  Tasmania  ..... 

23-79 

18.  Malta 

22-71 

J The  averages  are  taken  from  the  last  five  years  for  which  f could  obtain  statistics, 
except  when  otherwise  stated. 


[Table 


Appkndix  IV. — Shewing  the  Proportion  of  Acute  Ehenmatism  to  the  Total 
Admissions  for  Medical  Diseases  in  various  Provincial  Hospitals  in  Great 
Britain  and  Ireland. 


Hospitals. 

Rliouinutic 
Fevt»r. 
Per  cent. 

Remarks. 

1.  Salford  ..... 

10-24 

5 years 

2.  Whitehaven  .... 

9-53 

10  „ 

3.  Burton-on-Treut  .... 

9-26 

10  „ 

4.  Barnsley 

8-07 

7 ,, 

Victoria  Hospital.  Acute  and 
subacute. 

5.  Tewkesbury 

7- -66 

10  ,, 

6.  O.xford 

7-64 

11  ,, 

7.  Bristol 

7-20 

10  ,, 

Royal  Infirmary. 

S.  Brighton 

6-74 

10  ,, 

9.  Leeds 

6-59 

7 „ 

10.  Hastings 

6-56 

5 ,, 

11.  Sheffield 

6-06 

11  .. 

Approximate  only.  One-half  of 
cases  being  stated  to  be  acute. 

12.  Kilmarnock 

5 '75 

10  ,, 

13.  Birmingham  .... 

5-57 

10  ,, 

General  Hospital. 

14.  Douglas,  Isle  of  Man  . 

5-33 

9 

15.  Bedford 

5-14 

11 

16.  Dorchester 

5-13 

10  ,, 

{ Glasgow 

5-10 

10 

17. -!  Ifewcastle-on-T3'ne  . 

5-10 

5 „ 

I Stoke-upon-Trent 

5-10 

5 ,, 

20.  Newark 

4-70 

10  „ 

21.  Salisbury 

4-68 

10  ,, 

22.  Derby 

4-60 

6 ,, 

23.  Birmingham  .... 

4-28 

11 

Queen’s  Hospital. 

2^  / Guildford 

■ pWest  Norfolk  and  King’s  Lynn  . 

4-17 

11  .. 

4-17 

6 ,, 

26.  Hereford  . ... 

4-04 

10  ,, 

[ 27.  Liverpool 

3-96 

10  ,, 

Royal  Southern  Hospital. 

28.  St.  Patrick  Duns .... 

3-77 

8 ,, 

Dublin. 

29.  Exeter 

3-76 

3 ,, 

30.  Folkestone 

3-73 

5 

31.  West  Meath  and  Mullingar  . 

3-57 

5 ,, 

32.  Manchester  ..... 

3-34 

12  „ 

Royal  Infii-mary. 

33.  Dundee 

3-30 

8 „ 

34.  Aberdeen 

2-81 

8 „ 

35.  Guernsey 

2-7'4 

7 M 

Cottage  Hospital. 

36.  Leamington  ..... 

2-64 

5 „ 

VVarnford  Hospital. 

37.  Perth 

2-53 

3 ,, 

This  is  calculated  from  an  aver- 
age of  medical  cases. 

38.  Kent  and  Canterbury  . 

2-52 

10  „ 

39.  Edinburgh  ..... 

2-35 

1 year 

One  year  only. 

40.  Chichester 

1-83 

10  years 

41.  East  Suffolk  and  Ipswich 

1-41 

10  „ 

42.  Louth  Dispen-sary 

0-97 

8 ., 

From  the  following  hospitals,  the 

returns  did  not  permit  the  cases  of  rheumatic 

fever  to  be  separated  from  the  rest  of  tlie  rlieuinatic  cases  : — 

43.  Torbay  ..... 

12-35 

9 years 

All  cases  said  to  be  acute. 

44.  Gravesend  ..... 

5-96 

10  ,, 

45.  Liverjiool 

5-56 

8 „ 

Majority  acute.  Royal  General 
Infirmary. 

! 46.  Huntingdon  .... 

5-00 

An  average  only. 

! 47.  Grantham  ..... 

3-59 

10  years 

j 48.  Huddersfield  .... 

2-00 

10  „ 

An  average  only. 

2 T 
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Ai’pendix  V. — Shewing  the  average  Proportions  of  Cases  of  Eheumatic 
Fever  admitted  to  some  of  the  London  Hospitals  to  the  Total 
Admissions  to  the  Medical  Wards. 


Ho.spitals. 

Percentagfi 
of  cases  of 
Rheumatic 
Fever. 

Remarks. 

"Westminster  Hospital 

7-37 

9 vears  1884-92. 

St.  George’s  Hosiiital 

■ 6-60 

10  " „ 1884-93. 

University  College  Hospital 

5'74 

10  „ 1881-90. 

St.  Thomas’s  Hospital 

6-13 

10  „ 1882-91. 

St.  Bartholomew’s  Hospital 

6-63 

21  „ 1873-93. 

If  the  last  five  years  of  the  series  is  taken,  a 

very  great  diminution 

111  the  number  of  cases  at  the  Westminster,  St.  Thomas’s,  and 

St.  Bartholomew’s  Hospitals 

is  shewn 

University  College 

Hospital  shews  a fractional  decrease,  and  St.  George’s  a fractional 
increase. 

Westminster  Hospital 

3-70 

5 years  1888-92. 

St.  Thomas’s  Hospital 

4-78 

5 „ 1887-91. 

St.  Bartholomew’s  Hospital 

3-51 

5 ,,  1889-93. 

University  College  Hospital 

5-22 

5 ,,  1886-90. 

St.  George’s  Hospital 

6-22 

5 „ 1889-93. 

During  the  last  eleven  years  the  figures  remain  much  the  same. 

Westminster  Hospital 

5-60 

11  years  from  1894. 

St.  Thomas’s  Hospital 
St.  Bartholomew’s  Hosjutal 

4-40 

4-64 

University  College  Hospital 

4-00 

St.  George’s  Hospital 

6-43 

W.  S.  Church. 
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THE  ACUTE  RHEUMATISM  OF  CHILDHOOD 

By  AA'.  B.  Cheadle,  M.D.,  F.R.C.P. 

Actte  rheumatism,  as  it  occurs  in  childhood,  presents  many  points  of 
difl'erence  from  the  disease  as  it  appears  in  maturer  life.  The  ordinary 
conception  of  acute  rheumatism,  as  characterised  by  swollen,  tender, 
painful  joints,  profuse  sour-smelling  perspiration,  and  high  pyrexia,  is 
draim  from  observation  of  this  affection  as  we  see  it  in  adults ; in  them 
arthritis  is  one  of  the  most  constant,  prominent,  and  characteristic  of 
the  morbid  phenomena.  This  description,  however,  does  not  represent 
rheumatism  as  it  is  usually  seen  in  childhood ; at  this  period  of  life  it 
has  a far  wider  pathological  range,  and  its  j^henomena  arc  more  various 
and  comprehensive. 

The  Rheumatic  Series. — Certain  affections  of  other  parts  and  organs 
are  so  frequently  associated  with  acute  rheumatism  of  the  joints  that 
the  existence  of  some  close  pathological  connexion  between  them  is  now 
very  generally  accepted  j and  these  affections  appear  more  fi-equently 
and  play  a more  prominent  part  in  the  disease  as  it  is  presented  in  child- 
hood. Endocarditis  and  pericarditis,  for  e.xample,  which  are  frequent 
accompaniments  of  articular  rheumatism  in  adults,  apiiear  yet  more 
frequently  and  in  more  intimate  association  with  the  rheumatism  of  child- 
hoofl.  In  addition  to  tliese  there  are  other  manifestations  which  a2ipear 
so  commonly  or  exclusively  in  association  with  rheumatism  in  tlie  case  of 
children  that  they  must  be  admitted  into  the  rheumatic  series  j namely, 
subcutaneous  tendinous  nodules,  exudative  erythema,  and  chorea : not 
to  mention  a few  rarer  conditions  of  less  certain  connexion.  In  the 
rheumatism  of  children  these  non  - arthritic  manifestations  become 
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conspicuous  and  frequent ; wliile  articular  inflammation,  so  prominent  in 
the  rheumatism  of  adults,  is  usually  slight  and  unimportant,  and  occasion- 
ally may  be  absent  altogether.  Tonsillitis  occurs  in  connexion  with  the 
rheumatic  state  in  children,  as  in  adults ; but  has  no  special  features  or 
significance. 

In  the  ease  of  children,  then,  arthritis  is  not  the  eminent  or  repre- 
sentative symptom.  It  would  seem  that  at  this  2)eriod  the  joint-tissues 
are  less  susceptible,  the  other  fibrous  tissues,  the  skin,  and  the  nervous 
system  more  so  than  in  later  life.  Thus  in  the  rheumatism  of  child- 
hood arthritis  is  at  its  minimum ; endocarditis,  i)ericarditi.s,  subcutane- 
ous nodules,  chorea  are  at  their  maximum.  As  life  advances  this 
rule  is  gradually  reversed ; the  joint  affection  grows  more  j^i’ominent, 
regular,  and  characteristic,  while  the  other  2)henomena  decline  and 
tend  to  die  out.  Endocarditis  and  pericarditis  become  less  frequent ; 
subcutaneous  nodules,  so  significant  in  early  life,  practicall}'^  cease  with 
the  advent  of  puberty ; and  chorea,  so  common  in  connexion  with 
the  rheumatism  of  childhood,  almost  disai)pears  as  maturity  is  reached. 
If  the  picture  of  acute  rheumatism  had  been  drawn  originally  from  the 
disease  as  it  appears  in  childhood,  when  it  arises  under  simjiler  con- 
ditions, the  articular  affection  would  not  have  been  regarded  as  repre- 
sentative ; endocarditis  and  pericarditis,  and  f)Ossibly  chorea,  would  have 
been  looked  upon  as  the  primary  and  essential  phenomena,  and  arthritis 
as  a complication. 

Another  general  point  of  distinction  between  the  rheumatism  of 
childhood  and  that  of  later  life  is  the  tendency  of  the  various  phases  to 
arise  independently  and  a]mrt  from  each  other.  They  do  indeed  occur 
together — arthritis,  for  example,  with  ^pericarditis  and  endocarditis,  or 
endocarditis  with  chorea  and  nodules  ; or  all  these  together  as  jjhenomena 
of  the  same  rheumatic  storm  ; yet  the  series  of  rheumatic  events  is  often 
spread  out  or  scattered  over  a term  of  months  or  years,  so  that  the 
history  of  a rheumatism  may  be  the  history  of  a whole  childhood.  At 
one  time,  for  instance,  there  may  be  an  endocarditis,  a chorea  at  another, 
and  an  arthritis  at  another,  without  any  further  coincident  manifesta- 
tion of  the  disease.  Again,  the  rheumatic  series,  as  seen  in  children, 
may  be  complete  or  incomjilete  in  any  degree.  The  whole  series  of 
phenomena  may  follow  in  succession,  or  the  expression  of  the  rheumatic 
attack  may  be  limited  to  a single  event.  An  arthritis,  an  endocarditis, 
or  a chorea  may  occur  alone,  without  the  subsequent  occurrence  of  any 
other  rheumatic  seizure.  Again,  the  combinations  of  the  several  phases 
may  follow  any  order  of  sequence. 

Sometimes — i^erhaps  most  frequently — an  arthritis  appears  first ; in 
other  cases  an  endocai’ditis  ; now  and  again  a chorea  inaugurates  the 
morbid  series.  These  phases  may,  moreover,  be  closely  associated  in 
point  of  time  ; or  may  occur  singly,  or  again  in  groups  with  varying 
intervals  between. 

Influence  of  Sex. — The  incidence  of  acute  rheumatism  upon  the  sexes 
in  childhood  difters  remarkably  from  that  in  the  period  of  maturity. 
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Taking  all  ages  of  life  together  it  falls  nearly  equally  on  males  and 
females,  somewhat  more  heavily  on  the  former.  In  childhood,  however, 
the  case  is  reversed,  and  the  disease  is  most  common  in  girls.  The 
proportions,  however,  shew  curious  variations. 

According  to  the  statistics  yielded  by  the  reports  of  the  Collective 
Investigation  Committee,  in  the  first  period  of  from  1 to  5 years  of  age 
boys  preponderate  in  the  proportion  of  5 to  1.  In  the  next  quinquen- 
nial periotl,  from  6 to  10  years,  they  become  nearly  equal,  in  the  pro- 
portion of  15  to  14.  In  the  next  period  of  11  to  15  years  there 
comes  a remarkable  change ; the  proportion  is  suddenly  reversed,  the 
girls  suffering  in  the  proportion  of  nearly  2 to  1.  This  exjDlains 
in  some  degree,  probably,  the  greater  prevalence  of  chorea  in  girls 
about  this  period  of  life.  After  the  age  of  15  the  greater  liability  of 
females  declines  up  to  20  years,  so  that  at  the  close  of  this  period  males 
preponderate. 

Another  point  with  regard  to  acute  rheumatism,  which  comes  out 
mth  especial  clearness  and  force  in  the  case  of  children,  is  the  jmtent 
influence  of  hereditary  disposition.  The  statistical  evidence  recorded  in 
this  respect  is  unsatisfactory  and,  indeed,  obviously  defective.  The 
results  shew  great  discrepancy,  owing  to  differences  in  the  thorough- 
ness of  the  inquiry,  the  nature  of  the  evidence  allowed,  and  the  class  of 
piitient  from  which  it  is  drawn.  Most  of  the  material  was  obtained  from 
hospital  patients  of  the  poorer  class,  who  generally  know  little  of  their 
relations,  or  of  the  diseases  from  which  they  sufiTer ; and  the  inquiry  was 
usually  based  upon  the  history  of  articular  affection  alone.  ^lore  trust- 
worthy data  can  be  obtained  from  private  cases ; parents  of  the  better 
class  know  a good  deal  about  the  diseases  of  their  own  children  and 
of  immediate  blood -relations.  Statistics  from  private  cases  of  acute 
rheumatism  under  my  own  observation  give  a proportion  of  70  per 
cent  in  which  there  is  a definite  family  history  of  the  same  affection  in 
near  blood-relations.  Many  examples  have  been  recorded  which  shew  a 
remarkable  family  incidence,  the  indi\ddual  cases  often  occurring,  apart, 
and  not,  therefore,  attributable  to  locality  or  infection.  The  most 
significant  point  of  all  is  the  power  which  double  inheritance  appears  to 
exercise  in  intensifying  the  tendency  to  the  disease.  When  acute 
rheumatism  prevails  in  the  families  of  both  parents,  not  only  is  the 
liability  to  the  disease  increased,  but  its  severity  and  persistence  are 
increased  also.  The  most  inveterate  and  fatal  cases  which  have  come 
under  my  observation  have  had  this  double  strain ; and  similar  examj^les 
have  been  recorded  by  Dr.  Goodhart,  Dr.  Garrod,  and  others. 

•As  the  phenomena  of  acute  rheumatism  in  childhood  are  more  varied 
and  extensive  than  those  met  with  in  later  life,  so  each  in  turn  presents 
points  of  difference  from  the  same  condition  in  adults,  and  requires 
detailed  and  individual  consideration. 

Arthritis. — It  has  already  been  stated  that  in  childhood  the  articular 
affection  is  usually  slight,  indeed  it  is  less  extreme  in  every  way  than  in 
the  cfi.se  of  adults ; there  is  less  swelling  and  tenderness,  less  pain  and 
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fever.  It  is  a comparatively  rare  thing  to  see  a young  child  lying 
motionless,  bound  hand  and  foot,  and  not  daring  to  move  or  turn  in  bed 
for  fear  of  pain — a condition  so  characteristic  of  the  disease  in  older 
people.  There  is  often  merely  a little  pain,  stiffness  and  tenderness, 
without  perceptible  swelling,  limited  perhaps  to  a single  joint  or 
set  of  joints.  Sometimes  the  affection  of  the  fibrous  tissues  is  extra- 
articular,  confined  to  the  tendons  or  the  fascia  in  the  neighbourhood  of 
the  joint,  and  analogous  to  the  stiff  neck  which  sometimes  indeed  is  the 
only  sign  of  rheumatism.  The  tendons  of  the  hamstring  muscles  under 
the  knee,  for  example,  may  be  attacked  alone,  causing  stiffness  and  pain 
on  movement ; a child  thus  affected  walks  on  the  tips  of  the  toes,  with 
knees  bent  to  avoid  tension  of  the  sinews — a very  characteristic  sign. 
Such  minor  attacks  are  apt  to  be  overlooked  altogether,  or  regarded  as 
simple  feverish  attacks,  not  severe  enough  to  require  medical  aid,  and 
soon  forgotten.  Yet,  slight  as  the  articular  signs  may  be,  they  are  fre- 
quently accompanied  by  a subacute  endocarditis  or  pericarditis,  leading 
eventually  to  grave  heart  lesions.  These  considerations  afford  the  key 
to  many  instances  of  unexplained  heart  disease  and  of  chorea. 

The  slight  arthritis  of  acute  rheumatism  in  childhood  often  assumes  a 
misleading  aspect,  so  that  it  may  be  difficult  to  distinguish  it  from  other 
ailments  involving  pain  and  tenderness  of  limbs  and  joints.  Its  early 
recognition  is,  however,  of  the  first  ijnportance,  since,  as  previously  stated, 
an  insidious  and  deadly  endocarditis  or  pericarditis  may  be  at  work  con- 
currently with  it.  The  affection  of  the  hamstring  muscles,  with  walking 
on  the  toes,  and  apparent  inability  to  put  down  the  heel,  has  been  mis- 
taken for  incipient  talipes,  and  treated  accordingly.  Similarly,  the 
disinclination  to  walk  has  been  attributed  to  paresis  and  loss  of  power 
to  do  so.  Conversely,  other  morbid  conditions  are  often  mistaken  for 
articular  rheumatism.  In  my  e.xperience  the  mistake  is  most  frequently 
made  in  infantile  scurvy.  The  swelling,  immobility,  and  extreme  tender- 
ness of  the  limbs,  accompanied  often  Ijy  slight  transient  pyrexia,  at  first 
sight  simulate  articular  rheumatism  very  closely.  Scurvy,  however,  may 
usually  be  distinguished  by  the  periosteal  position  of  the  swelling,  which, 
moreover,  is  almost  invariably  limited  to  the  shafts  of  the  long  bones. 
In  one  of  my  own  cases  there  was  periosteal  swelling  over  the  malar 
bone ; and  in  another  a swelling  of  the  periosteum  of  the  lower  part  of 
the  tibia  appeared  to  extend  to  the  joint  structures.  Such  cases,  how- 
ever, are  rare  exceptions.  Other  diagnostic  points  are  the  existence  of 
spongy  gums,  subcutaneous  and  other  hremorrhages,  hmmaturia  or 
albuminuria  ; although  these  are  not  always  pi'esent.  Moreover,  infantile 
scurvy  is  limited  to  the  bottle-feeding  period  of  infancy,  that  is,  to  the 
first  eighteen  months  or  two  years  of  life,  when  articular  rheumatism  is 
almost  unknown. 

Infantile  palsy  (acute  anterior  polio-myelitis)  in  its  eaidy  stage,  when 
there  is  often  considei'able  hypersesthesia,  is  another  afteetion  liable  to  be 
confounded  Avith  acute  rheumatism.  The  chief  points  of  distinction  are 
that  in  infantile  paralysis  there  is  extreme  flaccidity  of  muscle ; the 
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afiected  limbs  are  limp  and  fall  loosel}’  down  M'ith  drooping  of  the  toes, 
while  the  tenderness  is  found  to  ho  diffused  and  general,  not  confined  to 
joints  and  tendons.  Later  the  disappearanee  of  faradic  contractility  and 
tendon-reflex  is  decisive.  Another  condition  liable  to  be  mistaken  for 
slight  rheumatic  arthritis  is  syphilitic  disease  of  the  ends  of  the  long 
bones.  In  this  there  is  tenderness  and  swelling  from  accompanying 
periostitis,  and  there  may  even  be  some  artictxlar  inflammation,  with  pain 
on  movement.  It  is  to  be  distinguished  from  true  rheumatic  affection 
by  the  presence  of  other  signs  of  congenital  syphilis,  or  by  the  history ; 
but  the  most  distinctive  feature  is  the  age  at  which  it  occurs,  namely,  in 
the  first  few  months  after  birth,  when  rheumatism  is  practically  unknoAvn. 
I have  never  met  Avith  a case  of  acute  rheumatism  in  early  infancy, 
although  rare  instances  have  been  recorded  by  Senator,  Henoch,  and 
others.  Possibly  these  may  have  been  examples  of  syphilitic  affection, 
or  of  infantile  scurvy,  a disease  at  that  time  hardly  recognised.  The 
swelling  of  the  Avrists  in  tetany,  the  arthritic  htemorrhages  of  htemophilia, 
the  joint  trouble  of  tuberculous  disease,  the  arthritis  of  pytemia,  and  acute 
osteomyelitis,  are  also  conditions  met  AAuth  in  children  Avhich  are  liable  to 
be  mistaken  for  rheumatic  arthritis. 

The  inflammation  of  the  joint -structures  in  children  being  slight, 
certain  symptoms  especially  associated  with  it  are  slight  also.  The 
profuse  acid  perspirations,  so  marked  in  the  acute  rheumatism  of  groAA’n 
persons,  are  not  common  in  children.  Pyrexia,  again,  is  rarely  high,  and 
this  is  the  more  remarkable  as  in  children  the  temperature  tends  to  rise 
from  slight  causes.  In  rheumatism,  so  eminently  pyrexial  a disease  as 
far  as  adults  are  concerned,  the  temperature  in  the  case  of  children 
seldom  rises  aboA'e  101°  or  102°  F.;  degrees  of  103°,  104°  are  compara- 
tively uncommon,  and  usually  of  short  duration. 

Hyperp)Texia,  Avhich  occurs  now  and  again  in  the  acute  rheumatism 
of  adults  and  is  so  grave  and  often  uncontrollable,  is  at  least  extremely 
rare  in  childhood.  I have  never  seen  an  instance  of  excessive  or  fatal 
hyperpyrexia  in  a child,  nor  any  case  in  Avhich  the  temperature  has 
sheAvn  a persistent  tendency  to  run  up  rapidly  beyond  control  to  a fatal 
height.  The  earliest  age  I can  find  recorded  at  Avhich  fatal  hyperpyrexia 
occurred  is  thirteen. 

AMcminal  Pains. — Pains  in  the  abdomen  have  been  noted  in  con- 
nexion AAith  acute  rheumatism  by  Drs.  Still,  Poynton,  and  others,  and 
more  recently  by  Dr.  Y.  Pearson,  Avho  describes  them  as  short,  sharp, 
paroxysmal — radiating  from  the  costal  cartilages  on  either  side  toAvards 
the  umbilicus  or  the  epigastrium — they  last  for  a fcAv  minutes  only,  but 
recur  from  time  to  time,  and  appear  to  be  brought  on  usuallj'^  by 
muscular  exertion  or  by  excitement.  They  haA'o  not  been  observed  to 
be  associated  Avith  stomach  or  boAvel  disorder  or  Avith  any  particular 
phase  or  degree  of  the  A'arious  other  manifestations  of  acute  rheumatism. 
Their  importance  depends  upon  their  value  as  possible  indications  of  the 
imminence  of  more  definite  .and  serious  symptoms  of  a rheumatic 
invasion. 
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Ansemia. — The  effect  of  acute  rheumatism  in  producing  anaemia  is 
well  known,  and  in  children  this  is  even  more  noticeable  than  in  adults. 
When  the  rheumatic  state  is  actively  manifested  in  children  anaemia 
proceeds  apace,  and  haemic  cardiac  murmurs  are  frequent.  With  the 
single  exception  of  that  of  diphtheria  there  is  no  organic  poison  which 
causes  such  rajjid  blanching  as  that  of  rheumatism. 

Cardiac  Inflammations.  — In  children,  as  Sturges  pointed  out, 
more  than  in  adults,  the  heart  is  apt  to  suffer  in  all  its  structures  at 
the  same  time  ; endocarditis,  pericarditis,  and  myocarditis  are  liable  to 
occur  together,  and  the  carditis  to  be  general.  This,  however,  chiefly 
ai'ises  towards  the  close  of  fatal  cases,  when  rheumatic  attacks  recur,  and 
endocarditis  has  already  given  rise  to  valvular  lesions.  Then  pericarditis, 
accompanied  by  myocarditis,  is  usually  added  to  the  original  endocardial 
inflammation.  As  a rule,  however,  endocarditis  occurs  first  and  alone. 

Endocarditis  occurs  acutely  in  the  course  of  articular  rheumatism  in 
children  as  it  does  in  adults.  More  often,  however,  it  comes  on  in  a sub- 
acute, insidious,  progressive  form,  which  is  characteristic  of  the  disease  in 
childhood,  when  the  arthritis  may  be  slight,  or  at  the  time  even  in- 
appreciable. Endocarditis  may  indeed  appear  at  anjf  stage  of  the 
rheumatic  procession  of  events,  early  or  late,  entirely  alone  or  in  com- 
bination with  arthritis  or  chorea,  or  nodules,  or  pericarditis,  or  with  any 
or  all  of  these  combined.  Usually  it  comes  early  in  the  series  and 
recurs,  wherein  it  stands  in  contrast  with  pericarditis,  which  is  apt  to 
appear  towards  the  close.  Most  often  it  arises  in  connexion  ndtli  slight 
arthritis  or  Avith  chorea ; and,  not  seldom,  A'alvular  lesion,  due  to  ante- 
cedent endocarditis,  is  discovered  already  established  Avhen  the  first  joint 
affections  or  chorea  attract  attention  and  lead  to  examination  of  the 
condition  of  the  heart. 

As  might  be  expected  from  the  laAV  that  in  children  endocarditis 
arises  in  connexion  Avith  slight  manifestations  of  the  other  forms  of  acute 
rheumatism,  or  eA^en  apart  from  them,  inflammation  of  the  endocardial 
valve-structures  is  nearly  tAvice  as  common  in  the  case  of  children  as  in 
that  of  adults. 

It  has  been  stated  that  endocarditis  is  liable  to  come  on  insidiously, 
Avithout  its  existence  being  knoAvn  or  suspected  until  some  other  rheu- 
matic manifestation  leads  to  examination  of  the  heart,  and  to  the  dis- 
covery that  Amlvular  mischief  is  already  established.  Ea'cii  AA'hen  it  arises 
in  the  course  of  an  attack  of  articular  rheumatism,  and  is  discoA'ered  at 
the  outset,  the  signs  of  it  are  vague,  slight,  and  sloAvly  developed  ; some 
quickening  of  the  pulse,  Avith  an  excited,  uneA'^en,  irregular  action  of  the 
heart,  and  changes  in  the  cardiac  sounds  afl'ord  the  earliest  indications. 
The  most  common  of  the  latter  is  the  soft,  bloAving,  sj^stolic  murmur  at 
the  apex  Avith  accentuation  of  the  pulmonaiy  second  sound,  Avhich 
indicates  a commencing  mitral  leakage,  due  to  the  thickening  and 
rigidity  of  the  flaps  and  chordae  Avhich  lead  to  imperfect  closure  of  the 
valve. 

Another  early  sign  is  rediqffication  of  the  second  sound,  not  at  the 


THE  .-I  CUTE  EHEC'.U.-IT/SH  OF  CHILDHOOD 


651 


base  but  at  the  apex ; it  is  probablj’’  due  to  a retarded  opening  of  the 
mitral  gate  resulting  from  rigidity  caused  by  inflammatory  thickening. 
With  this  there  are  sometimes — not  usually  at  the  outset  but  after  a time 
— a soft,  blowing,  diastolic  murmur  after  the  later  of  the  t\vo  second 
sounds,  ami  an  accentuation  of  the  first  sound,  signs  of  changes  which 
gradually  lead  to  stenosis  and,  long  afterwards,  to  the  development  of  a 
true  presystolic  rumble.  Although,  as  a rule,  endocarditis  in  children 
sets  in  and  progresses  insidiously  and  slowly,  giving  little  outward  sign 
of  its  e.xistence,  and  often  recurring  frequently  in  subacute  form,  occa- 
sionally it  proceeds  with  great  rapidity.  In  such  cases  there  is  more 
fever  and  constitutional  disturbance,  and  the  valvular  inflammation  pro- 
gresses quickly  ; so  that  a murmur  which  began  as  a soft,  gentle,  blowing 
sound,  the  very  existence  of  which  appeared  doubtful  when  first  detected, 
may  (according  to  my  observation)  increase  to  a loud  musical  bruit  in  the 
course  of  a single  week.  The  concurrent  eruption  of  subcutaneous 
nodules  is  always  a grave  sign  indicative  of  serious  and  generally 
persistent  or  reciuTent  valvulitis,  often  accompanied  by  pericarditis  also. 
Eheumatic  endocarditis  in  children,  as  in  adults,  may  attack  either  the 
mitral,  aortic,  or  tricuspid  valves ; yet  the  first  is  by  far  the  most  common 
event,  and  mitral  regurgitation  the  most  usual  lesion  ; nevertheless  mitral 
stenosis  is  more  common  than  is  generally  believed.  Mitral  stenosis, 
indeed,  is  the  special  product  of  the  subacute,  slow,  recurrent  course 
which  is  so  characteristic  of  endocarditis  in  childhood,  and  it  is  in  the 
time  of  childhood  that  the  mischief  usually  begins.  The  reduplication  of 
the  second  sound  at  the  apex,  or  the  slight  accentuation  of  the  first, 
which  are  the  early  signs  of  it,  escape  notice.  These  changes  are  the 
results  of  the  stiffening  of  the  valve-flaps  from  inflammatory  thickening, 
which  produces  virtual  stenosis ; although  there  may  be  no  fixed  con- 
striction of  the  orifice.  The  loud,  vibrating,  prolonged,  presystolic  bruit 
and  slapping  first  sound  are  not  common  in  childhood ; they  do  not 
usually  appear  until  some  years  later,  when  the  disease  is  advanced,  and 
the  mitral  orifice  has  become  permanently  narrowed.  Hence  the  rarity 
of  a pronounced  presystolic  murmur- in  early  childhood,  and  its  discovery 
with  such  startling  frequency  about  the  age  of  puberty.  Thus  also,  no 
doubt,  arose  the  error  of  regarding  mitral  stenosis  as  usually  non- 
rheumatic in  origin. 

Infective  endocarditis  is  the  most  rare  sequel  to  the  rheumatism  of 
children,  since  it  is  most  often  met  with  in  subjects  broken  down  b}’ 
drink  and  disease.  Two  cases  only  have  come  under  my  own  observa- 
tion, one  in  a girl  of  eight  years  old  and  the  second  in  a boy  of  ten. 
Other  instances  have,  however,  been  noted,  notably  one  in  a girl  aged 
nine  years,  recorded  by  Dr.  Poynton  (51). 

I'e-ficarditis  may  arise  at  any  step  in  the  I'heumatic  series ; first  or 
last ; alone,  or  combined  with  any  one  or  more  of  the  other  manifesta- 
tion.s,  such  as  eridoairditis,  arthritis,  the  evolution  of  nodules,  or  chorea. 
Mf«t  often,  however,  it  comes  late,  in  a.ssociation  with  recurrent  endo- 
carditis, when  the  heart  is  already  hypertrophied  and  dilated.  So  that, 
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<is  Stui-ges  pointed  out,  it  is  .almost  always  found  post-moitem  in  the 
fatal  heart  disease  of  children.  As  in  the  case  of  endocarditis,  peri- 
carditis in  children  is  usually  suliacute,  chronic,  recurrent.  It  may  occur 
acutely,  as  in  the  rheumatism  of  adults,  with  rapid  exudation  and  effusion 
of  fluid,  pericardial  distension  and  distress,  but  this  course  is  exceptional ; 
as  a rule  it  proceeds  insidiously,  with  slight  symptoms,  although  these 
are  more  distinct  and  recognisable  than  those  of  valvular  inflammation. 

The  first  appreciable  physical  sign  of  subacute  pericarditis  is  usually 
a slight  pericardial  rub,  which  may  be  constant,  or  intermittent,  or  may 
cease  altogether.  The  child  is  seen  to  be  restless  and  uncomfortable ; 
and,  if  old  enough,  complains  of  pain  in  the  praecordial  region,  which  is 
generally  a little  tender  on  firm  pressure.  The  pulse  quickens  to  1 20  or 
130,  out  of  proportion  to  the  temperature,  which  is  usually  but  slightly 
raised,  say  to  99°  or  100°  or  101°  F.  This  quickened  pulse-rate,  without 
adequate  rise  of  temperature,  is  very  characteristic  of  the  subacute  peri- 
carditis of  early  life.  Anaemia  increases  in  a marked  degree ; chorea  if 
present  becomes  aggravated,  or  curious  emotional  attacks  come  on,  in 
which  the  child  is  moved  to  tears  or  laughter  by  a word.  With 
these  signs  a mitral  murmur  perhaps  appears,  or  an  existing  murmur 
grows  louder  and  rougher ; subcutaneous  nodules  also  often  arise  on 
the  elbows  and  knees,  or  on  the  ankles  or  occiput ; these  are  always 
suggestive  of  a grave  implication  of  the  fibrous  structures  of  the  heart. 
The  pericardial  rul),  if  it  has  ceased,  reappears  after  an  interval ; or  the 
extent  of  cardiac  dulness  may  shew  the  variations  due  to  a fluctuating 
amount  of  effusion ; the  effusion,  however,  is  never  large,  and  usually  is 
quickly  reabsorbed. 

Further — the  most  significant  indication  of  all — although  the  physical 
signs  of  friction  and  effusion  subside,  due  probably  to  the  formation  of 
pericardial  adhesions,  the  rapid  action  of  the  heart,  in  spite  of  digitalis, 
belladonna,  ergot,  or  strophanthus,  continues  unchanged.  The  area  of 
cardiac  dulness  increases,  and  there  is  muffling  of  the  sounds  over  the 
mid-cardiac  region — probably  not  due  to  effusion,  but  to  the  increased 
size  of  the  heart  and  thickening  of  the  pericardiiun.  Enfeeblement, 
anremia,  emaciation  proceed  apace ; the  pulse  grows  weaker ; and  so 
after  weeks  or  months  the  patient  sinks  from  heart-failure  and  exhaustion, 
without  dropsy  or  marked  dyspnoea : or  the  .symptoms  may  suliside  to 
recur  at  intervals,  and  the  course  of  the  disease  ma}?^  thus  extend  over 
years  instead  of  months. 

Occasionally  endocarditis  and  pericarditis,  together  with  myocarditi.s, 
run  an  acute  course,  dilirium  supervenes,  respiratory  distress  becomes 
great ; A’omiting,  which  is  often  obstinate  and  ]3ersistent,  not  infrequently 
sets  in,  and  prostration  becomes  extreme.  Such  symptoms  ahraays  indicate 
a condition  of  great  danger.  These  cases  as  a rule  arise  when  pericarditis 
occurs  late,  when  the  heart  is  already  seriously  damaged  by  previous 
attacks  of  endo-  or  pericarditis,  and  the  secondary  changes  of  dilatation 
and  hypertrophy,  and  perhaps  adherent  pericardium,  have  already 
advanced  to  a marked  extent. 


THE  ACUTE  RHEUMATISM  OF  CHILDHOOD 


653 


I'ericanlial  Fibrosis. — The  results  of  the  chronic  recurrent  pericarditis 
of  childhood  are  serious  enough.  In  many  instances  the  pericardium 
becomes  greatl}'  thickened,  and  its  two  surfaces  so  closely  adherent  that, 
when  examined  post-mortem,  all  sign  of  the  space  between  them  is  found 
to  have  disappeared,  and  the  heart  is  enclosed  in  a tightly  fitting  sac  of 
fibrous  tissue,  sometimes  as  much  as  an  eighth  of  an  inch  in  thickness. 
The  chronic  inflammatory  jirocess  spreads  now  and  again  from  the 
pericardial  sac  to  the  tissues  of  the  pleura  and  adjacent  mediastinum,  so 
that  these  become  matted  together  in  a thick  fibrous  mass — an  indurative 
mediastino-pericarditis.  This  is  indicated  clinically  b}’-  ascending  dnlness 
along  the  middle  and  upper  sternum,  and  increased  respiratory  and  cardiac 
distress.  In  certain  eases  fibrous  growths  cause  pressure  upon  the  great 
^•essels  at  the  base  of  the  heart ; such  pressure  is  most  operative  upon 
the  veins,  leading  to  hepatic  engorgement,  cirrhosis  with  ascites,  imperfect 
filling  of  the  pulmonary  arteries,  cyanosis,  dyspnma,  and  general 
dropsy.  These  cases  of  mediastino-pericardial  fibrosis  are  rare ; but 
several  have  come  under  my  own  observation,  and  others  have  been 
recorded. 

Another  occasional  result  of  this  chronic  fibrous  pericarditis  of  child- 
hood is  worthy  of  notice.  The  tight,  strangling  grip  of  the  inelastic 
fibrous  sac  not  only  interferes  with  the  contraction  and  dilatation  of  the 
cardiac  chamber’s,  and  thirs  causes  grave  embarrassment  of  the  heart’s 
mechanism,  but  it  interferes  also  with  the  progressive  development  of 
the  organ  in  childhood,  so  that  it  fails  to  grow  in  proportion  to  the  rest 
of  the  body,  and  general  dropsy  eventually  follows  as  the  result  of  im- 
perfect cardiac  power.  Cases  of  the  kind  are  recorded  by  Watson  and 
Bonillaud,  and  several  have  come  under  my  own  observation. 

Myocarditis. — With  pericarditis,  and  probahlj'^  to  some  extent  with 
endocarditis,  there  is  always  some  degree  of  inflammation  of  the  muscle 
l}dng  beneath ; or  rather  perhaps  of  the  intermuscular  connective  tissue, 
extending  to  the  muscle- fibres  themselves.  These  are  found  after  death 
to  be  swollen,  blurred  in  outline,  with  numerous  nuclei,  and  proliferation 
of  the  interstitial  fibrous  tissue.  In  some  cases  in  which  myocardial 
weakness  has  been  disproportionate  to  the  valvular  lesions,  extensive 
fatty  changes  have  been  found  in  the  muscle-fibres,  pointing  to  a 
peculiarly  toxic  effect  of  the  rheumatism  upon  the  myocardium. 

In  old-standing  cases  of  chronic  pericarditis,  with  adherent  pericardium, 
there  is  marked  increase  of  interstitial  fibrosis,  and  the  strim  of  the  muscle- 
fibres  become  indistinct  or  are  altogether  lost.  These  changes  of  inter- 
stitial fibrosis  and  degeneration  of  muscle-fibre  account  in  part  for  the 
cardiac  failure  which  is  so  conspicuous  in  the  last  stage  of  heart  disease 
in  children. 

Hypertroj/hy  and  Dilatation. — All  that  need  he  said  about  these 
.secondary  changes  is  that,  other  things  being  equal,  these  changes  proceed 
more  rapidly  in  the  case  of  children  than  in  adults.  In  accordance  with 
the  general  law  that  in  eiirly  life  the  tissues  respond  more  quickly  and 
readily  to  stimulation,  and  grow  more  vigorously  than  after  maturity. 


Fio.  8.— Acute  rheumatism.  Grave  form,  witli  numerous  large  nodules.  Fatal. 

AV.  S.,  let.  4 years  and  S months.  (Hospital  for  gick  Children,  Great  Ormond  Street.  December  10, 1887. 
Under  tiie  care  of  Ur.  Cheadle.)  Uheumatic  nodules,  erythema  marginatum,  chorea,  double  mitral 
munuur,  arthritis. 
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hypertrophy  develops  faster,  and  dilatation  is  more  rapid ; prolmhly 
because  the  tissues  are  softer  and  more  yielding. 

Dropsy  and  other  Complications. — The  ready  development  of  hyper- 
trophy, in  response  to  increased  strain,  renders  compensation  exceptionally 
complete  at  first,  and  probably  accounts  for  another  special  feature  of  the 
rheumatic  heart  aft'ections  of  children,  namelj’^,  that  the  common  complica- 
tions of  disease  of  the  heart  in  adults,  such  as  pulmonary  apoplexy, 
enlargement  of  the  liver  and  extreme  dropsj’-,  are  rare  in  the  younger 
children.  It  is  an  unusual  thing  to  see  a little  child  blue,  turgid,  and  water- 
logged— a sight  so  sadly  frequent  in  the  last  stage  of  A^ahailar  disease  in 
adults.  In  addition  to  effectiveness  of  compensation,  however,  there  is 
another  reason  for  this  immunity ; children  with  severe  heart  disease 
usually  die  from  other  causes  before  the  stage  of  grave  tricuspid  leakage 
is  reached — from  ansemia,  wasting,  asthenia,  rather  than  from  direct 
obstruction  to  the  mechanism  of  the  circulation ; unless  it  be  in  the  case 
of  the  strangling  grip  of  pericardial  fibrosis  and  adhesion. 

Subcutaneous  tendinous  Nodules. — Another  exceptional  and  special 
feature  of  acute  rheumatism  in  children  is  the  development  of  subcutaneous 
nodular  growths  of  fibrous  tissue.  Not  uncommon  in  early  life,  they  are 
comparativel}'^  ram  phenomena  in  the  case  of  adults.  They  may  appear 
in  connexion  ndth  any  of  the  other  phases  of  rheumatism,  but  are 
mostly  associated  with  endocarditis  and  pericarditis,  and  in  this  relation 
are  of  serious  import.  They  appear  to  have  been  first  noted  by  Hillier, 
and  subsequently  by  jNIeynet  and  others ; but  their  comparative  frequency 
and  clinical  significance  were  first  pointed  out  by  Sir  Thomas  Barlow 
and  Dr.  ^Varner.  The  nodules  lie  under  the  skin  in  connexion  with  fascia 
or  tendons,  that  is,  in  relation  with  fibrous  tissue ; and  similar  nodular 
proliferations  have  been  found  in  the  periosteum,  and  even  in  the  peri- 
cardium. They  vary  in  size  from  that  of  a hemp-seed  to  that  of  an  almond, 
or  are  even  larger ; when  small  the}’^  may  not  become  visible  until  the 
skin  is  drawn  tightly  over  them,  although  easily  detected  by  the  touch. 
They  are  not  tender  except  slightly  so  in  rare  instances ; nor  is  there 
redness  of  skin  over  them  unless  it  arise  casually  from  friction  or  pressure. 
There  may  be  but  one  of  these  nodules ; but  three  or  four  are  usually 
found ; sometimes,  in<leed,  the  number  is  large,  as  many  as  twenty  or 
thirty.  In  one  extreme  instance  of  an  intense  rheumatic  state  within 
my  observation,  it  was  calculated  that  200  were  present  at  one  time. 
These  fibrous  nodules  grow  to  a perceptible  size  in  the  course  of  a few 
flays ; but,  when  large,  they  take  a considerable  time  to  attain  to  their 
full  dimensions.  Their  duration  varies  from  a few  days  to  several 
months  — the  minimum  period  recorded  being  three  days,  and  the 
maximum  five  months.  ^\lien  examined  microscopically  in  the  earl}^ 
stage  they  are  found  to  be  due  to  a local  exudation  from  the  minute 
blfKxl-vessels,  with  swelling  and  even  necrosis  of  the  tissue  in  the  centre 
of  thi.s  change.  Drs.  Boynton  and  Paine  have  demonstrated  the  presence 
of  fliplococci  in  these  nodules  in  this  early  condition  of  formation.  Later, 
they  are  .seen  to  consist  of  nuclear  growth  in  all  stages  of  transformation 


656 


SVST£M  OF  MEDICINE 


into  fibrous  tissue — a proliferation  analogous  to  that  which  is  seen  in  the 
interstitial  framework  of  the  liver,  or  of  the  kidney,  in  cirrhosis.  The 
connexion  of  these  nodules  wdth  rheumatism  and  rheumatoid  arthritis  is 
almost  absolute.  In  very  rare  instances  their  appearance  has  been  re- 


Fig.  9. — Section  of  subcutaneous  tendinous  nodule  in  acute  rheumatism,  shewing  active 
proliferation  and  cell-infiltration  of  librous  tissue. 

John  T.,  act.  7^  years.  (Hospital  for  Sick  Children,  Great  Ormond  Street.  August  188S.) 
Chorea,  arthritis,  endocarditis,  pleurisy,  nodules,  pericarditis. 

corded  after  influenza,  and  in  syphilis  after  the  administration  of  iodides  ; 
the  nature  of  the  latter  is,  however,  doubtful. 

General  experience  has  confirmed  the  views  originall}^  expressed  by 
Sir  T.  Barlow  and  Dr.  A\karner  as  to  the  grave  significance  of  these  fibrous 
outgrowths.  They  indicate  concurrent  and  usually  progressive  cardiac 
disease ; that  a similar  process  of  inflammatory  change  and  proliferation 
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is  going  on  in  the  fibrous  tissues  of  the  cardiae  valves  or  pericardium,  or 
in  both.  In  the  acute  rheumatism  of  children,  when  the  nodules  are 
many  and  largo,  they  have  an  ominous  association  with  progressive 
endocarditis  and  pericarditis  of  the  most  serious  kind ; they  indicate 


Fio.  10. — H^lon  of  aortic  valve  in  infective  endocarditi.s  in  a child,  showing  proliferation  and  cell- 
infiltration  of  sabendothelial  fibrons  tissue,  similar  to  that  of  the  subcutaneous  nodule  shewn  in 
Fig.  {>. 

grave  danger,  a carditis  which  is  uncontrollable,  and  advances  almost 
inevitably  to  a fatal  ending. 

Eruptions  associated  with  Acute  Rheumatism.  — 7’//e  exudative 
ertflherna.^  and  purjmm  rheumatica  are  far  more  frequently  associated  with 
the  rheumatic  state  in  the  case  of  children  than  of  Jidults.  They  ni:iy 
appear  at  any  stage  of  the  rheiimalic  series,  but  generally  ari.so  in 
voi..  If. — rr.  I 2 v 
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connexion  with  active  disturbance  of  other  kinds,  such  as  arthritis  ; and 
not  infrequently  Avith  the  endocarditis  and  pericarditis  of  the  more 
serious  cases. 

Tlie  erythemas  occur  chiefly  in  children,  in  marginate,  papular,  or 
urticarious  forms  ; erythema  nodosum  is  less  often  concurrently  associated 
with  other  phases  of  rheumatism  than  the  rest.  Its  appearance,  however, 
from  time  to  time  in  immediate  connexion  with  a rheumatic  outburst 
seems  to  stamp  it  as  one  of  the  rheumatic  jihenomena,  and  it  is  occasion- 
ally met  Avith  in  childhood. 

Purpura  rheumatica  is  an  eruption  or  haemorrhagic  condition  Avhich 
occurs  almost  exclusively  in  childhood.  Some  cases  of  rheumatic  purpura 
are  clearly  extreme  instances  of  erythema,  in  Avhich  hajmorrhagic  extrava- 
sations are  unusually  marked.  Others,  again,  are  possibly  instances  of 
simple  purpura  or  of  haemophilia,  in  AA'hich  there  is  oftentimes  tenderness 
and  swelling  of  adjacent  joints.  There  is,  hoAvever,  a purpura  closely 
associated  Avith  acute  rheumatism,  occurring  concurrently  Avith  general 
arthritis,  or  in  subjects  AA-^ho  have  suffered  from  articular  rheumatism. 
In  the  latter  case  it  has  an  arthritis  of  its  OAvn,  the  joints  in  proximity  to 
the  eruption — ^especially  the  feet  and  ankles  Avhen  it  appears  in  the  legs 
-being  SAVollen,  tender,  and  painful,  although  there  may  be  no  rise  of 
temperature.  In  a feAv  rare  instances  this  condition  is  accompanied  by 
hsematuria. 

Tonsillitis  is  another  rheumatic  phase  Avhich  is  perhaps  someAvhat 
more  common  in  children  than  in  adults  ; but  it  sheAvs  no  special  features 
in  early  life. 

Pleurisy,  pneumonia,  bronchitis,  and  other  inflammatory  conditions  of 
minor  importance  occur  occasionally  in  the  course  of  rheumatism  in  child- 
nood  as  in  later  life,  but  they  have  no  distinctive  characters  at  the  early 
period  Avhich  call  for  remark. 

Chorea. — -One  of  the  most  interesting  properties  of  acute  rheumatism 
in  childhood,  and  one  almost  entirely  confined  to  that  period  of  life,  is  its 
connexion  Avith  chorea.  Genuine  chorea,  apart  fi'om  mere  grimacing  (Avhich 
is  a disturbance  of  the  second  dentition,  and  not  in  anj^  Avay  connected 
Avith  rheumatism),  is  very  closely  associated  with  the  rheumatic  state.  It 
appears  not  only  in  direct  connexion  with  acute  rheumatism  of  the  joints, 
but  Avith  endocarditis  also,  Avith  pericarditis,  Avith  erythema  nuiltiforme 
and  nodosum,  and,  above  all,  Avith  that  especial  rheumatic  sign  the  evolu- 
tion of  subcutaneous  nodules.  Chorea  may  appear  in  relation  to  one  or 
more  of  these ; and  Avhen  it  occurs  alone,  apart  from  any  other  rheumatic 
manifestations  at  the  moment,  is  often  folloAved  at  an  interAnd  by  arthritis, 
or  by  other  rheumatic  manifestations.  It  is  especially  lial)le  to  occur, 
even  Avhen  alone,  in  members  of  families  in  Avhich  I'heumatism  is  rife  ; one 
individual  may  have  articular  rheumatism,  another  endocarditis,  another 
chorea.  The  chain  of  evidence  in  favour  of  the  rheumatic  nature  of 
chorea  in  the  case  of  children  is  remarkable.  The  identification  of  the 
(liplococcus  of  rheumatism  in  cases  of  chorea  recently  by  l>rs.  Poynton 
and  Paine  seems  to  me  conclusive  as  to  the  rheumatic  relation.  It  is 
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impossible  to  state  it  in  detail  here,  but  it  may  be  atlinned  that  the  pi-e- 
sumption  is  strongly  in  favour  of  the  view  that,  in  the  great  majority  of 
cases  at  all  events,  chorea  is  of  rheumatic  oiigin.  A\'e  may  almost 
certainly  s<iy  that  the  endocarditis  and  pericarditis  of  chorea  are  invari- 
ably rheumatic  in  nature  and  origin.  (Fide  art.  “Chorea,”  vol.  vii.) 

In  relation  to  this  ma}'  be  mentioned  the  curious  association  of  the 
neurotic  groundwork  of  chorea  with  the  rheumatic  taint.  According  to 
my  own  observation,  the  rheumatic  child  in  a family  is  the  nervous  child 
of  the  family ; but  no  distinct  association  with  specific  nervous  family 
disease  can  be  stitisfitctorily  traced. 

Scarlatinal  Rheumatism. — The  articular  affection  which  appears  noAv 
and  again  in  the  course  of  scarlatina,  and  which  can  in  no  way  be  dis- 
tingtiished  from  that  of  acute  rheumatism,  is  nattirall}'^  a form  met  with 
chiefly  in  childhood.  It  is  often  accompanied  by  endocarditis  or  pericar- 
ditis, sometimes  bj'^  chorea ; and  subcutaneous  nodules  have  more  than 
once  been  observed  in  the  course  of  an  attack. 

This  scarlatinal  rheumatism  usually  arises  early  ; it  has  been  observed 
on  the  third  day,  but  occurs  most  frequently  about  the  end  of  the  first 
week.  And  it  is  noteworthy  that  the  especial  liability  to  acute  articular 
rheumatism  which  obtains  in  girls  extends  also  to  the  scarlatinal  form. 
{Fide  p.  456.) 

Rheumatoid  arthpitis  occurs  occasionally  in  childhood  as  a sequel 
of  acute  rheumatism,  sometimes  in  its  most  severe  and  intractable  form. 
Such  cases  are,  however,  rare,  and  present  no  distinctive  characters. 
{Fide  A’ol.  iii.) 

Prognosis. — The  prognosis  of  acute  rheumatism  is  far  more  serious 
in  the  case  of  children  than  in  that  of  adults.  This  results  chiefly  from 
the  greater  tendency  to  endocarditis  and  pericarditis,  the  proclivity  to 
which  may  be  roughly  stated  to  be  inversely  as  the  age  of  the  patient. 
The  danger  from  this  source  is  no  doubt  aggravated  by  the  fact  that  in 
many  cases  the  first  stages  of  heart  disorder  are  apt  to  be  overlooked, 
owing  in  some  cases  to  the  slight  character  of  the  articular  affection 
which  accompanies  it,  and  to  its  entire  absence  in  others.  Thus  the 
cardiac  inflammation  runs  on  unchecked  by  the  palliation  of  rest  and 
appropriate  treatment.  A further  source  of  increased  peril  in  childhood 
lies  in  the  remarkable  tendency  of  the  disease  at  this  period  to  recur,  so 
that  the  heart  is  liable  to  become  fatally  injured  by  repeated  attacks  of 
endocarditis  and  pericarditis. 

In  mild  cases,  no  doubt,  the  rapid  growth  of  muscle  favours  quick 
and  complete  compensation ; but  in  severe  cases  the  ready  dilatation  of 
the  young  tissue  more  than  counterbalances  the  rapidity  of  its  remedial 
growth. 

Treatment. — The  affection  of  the  joints,  with  its  accompanying  pain 
and  tendernes-s,  being  in  the  c<ase  of  children  .almost  invariably  of  small 
interrsity,  and  not  the  cause  of  any  great  distress,  the  pyrexia  also  being 
in  mf>st  instances  moderate — all  symptom.s,  in  fact,  l)oth  articidar  and  con- 
stitutional, being  subdued  and  sub.acute — anything  like  active  treatment 
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by  full  doses  of  salicylate  of  soda,  so  eflective  in  the  case  of  adults,  is 
rarely  required.  Not  infrequently,  indeed,  it  does  great  harm  by  its 
depressing  effect,  for  children  bear  sevei'e  and  drastic  measures  badly. 
In  place  of  salicylate  of  soda,  salicin  may  be  given  in  doses  of  from  5 
to  20  grains,  or  quinine  in  doses  of  1 to  3 grains,  every  four  to  six  hours. 
With  this  an  alkali  should  be  combined,  such  as  citrate  of  soda  or  of 
potash,  in  doses  of  5 to  20  grains  according  to  age. 

The  general  evidence  of  statistics  of  the  Collective  Investigation 
Committee  is  in  favour  of  the  conclusion  of  the  late  Dr.  Fuller  and  of  Dr. 
Dickinson,  that  cardiac  inflammation  is  less  frequent  and  less  pronounced 
under  full  alkaline  treatment  than  under  any  other.  In  the  ca.se  of 
children  this  is  especially  important,  for  the  chief  interest  and  danger 
centres  in  the  cardiac  implication  and  its  results,  and  not  upon  the  pain 
and  distress  of  articular  troubles.  The  one  great  object  of  treatment 
should  be  to  diminish  this  danger  as  far  as  possible. 

The  first  and  most  important  point  is  to  guard  against  an  insidious  or 
masked  attack  of  endocarditis  or  pericarditis.  It  has  been  shewn  that 
this  may  accompany  the  slightest  articular  afl'ection,  or  be  associated  with 
chorea,  or  an  exudative  erythema,  or  an  eruption  of  sulicutaneous  nodules  ; 
or  again  it  may  arise  apart  from  any  known  rheumatic  phase  with  an 
indeterminate  febrile  attack  of  apparent  in-significance.  It  is  essential, 
therefore,  to  examine  the  condition  of  the  heart  carefully,  not  only  in 
every  case  where  there  is  the  slightest  articular  or  other  known  rheumatic 
condition,  such  as  a stiff  neck,  or  a stiff  knee,  wrist,  or  ankle,  in  chorea, 
in  tonsillitis,  in  an  evolution  of  nodules,  but  also  in  every  pyrexial  con- 
dition of  any  kind  arising  in  a child.  Whenever  there  is  a suspicion  of 
rheumatic  inflammation,  it  is  wise  to  enforce  absolute  rest  in  bed,  even  if 
no  cardiac  disturbance  be  perceptible.  Complete  jdiysical  repose  and 
external  warmth  are  of  vital  importance.  Sibson  found  that  a much  larger 
proportion  of  patients  —more  than  two  to  one — ^treated  by  rest  escaped 
permanent  heart  mischief  as  compared  with  those  allowed  free  action. 

Cases  of  rheumatism  in  children  are  as  a rule  treated  far  too  lightly. 
A little  timely  care,  the  avoidance  of  fresh  chill,  and  of  excitement  of 
heart  or  strain  of  its  muscle,  may  make  all  the  difference  in  the  degree 
of  cardiac  mischief.  In  every  case  of  acute  rheumatism  in  a child,  how- 
ever slight  the  joint  affection,  or  pain,  or  pyrexia,  or  signs  of  cardiac 
inflammation  may  be,  the  patient  should  be  kept  at  rest  in  bed  for  a 
fortnight  at  least  after  all  pain  and  rise  of  temperature  or  cardiac 
excitability,  as  evidenced  by  acceleration  or  irregularity  of  pulse  have 
completely  disappeared.  If  endocarditis  or  pericarditis  have  been  severe 
the  period  of  rest  should  be  extended  to  a month  or  more,  and  the  patient 
debarred  from  all  active  physical  exertion  for  many  months  in  addition. 

In  cases  of  active  pericarditis,  accompanied  by  pain,  tenderness,  and 
disti'ess,  the  application  of  an  ice-bag,  as  recommended  by  Dr.  Lees,  iS' 
usuallv  grateful,  relieves  pain,  and  appears  to  exercise  a favourable 
influence  on  the  inflammatory  process.  In  cases  of  extreme  severity  one 
or  two  leeches  may  be  applied  to  the  prajcordia,  but  anything  like  profuse 
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extraction  of  blood  by  leeclies  is  injurious.  Children  bear  loss  of  Idood 
ill.  Blisters  are,  I am  convinced,  useless  to  allay  the  cardiac  iuHanimation, 
and  although  valuable  agents  in  relieving  pericardial  serous  effusion  this 
is  so  exceptional  in  the  case  of  children  that  the  occasion  for  this  appli- 
cation occui-s  most  rarely.  In  cases  of  persistent,  recurrent,  intractable 
endocarditis  and  pericarditis,  ■which  form  such  sad  and  especial  features 
of  the  acute  rheumatism  of  children,  digitalis,  strophanthus,  strychnine, 
and  opium  are  the  drugs  of  most  service.  The  latter  is  best  given  in  the 
form  of  nepenthe,  and  in  frequent  small  doses  of  half  a drop  to  five  drops, 
according  to  age.  More  than  anj’-  other  remedy  it  relieves  distress,  lessens 
dyspiuea,  and  })rocures  sleep.  If  given  ■with  cai'e  and  discretion  no 
harmful  ettect  need  be  anticipated.  Alcoholic  stimulants  help  by  their 
sedative  influence  as  Avell  as  by  increasing  cardiac  power.  When  the 
embarrassed  heart,  by  feeble  beat,  small  irregular  2)ulse,  and  tendenej^  to 
syncope,  shews  signs  of  failure,  hypodermic  injections  of  liquor  strychninaj 
in  doses  of  ^ of  a minim  to  1 minim  or  more,  according  to  age,  combined 
with  5 to  10  drops  of  brandy,  and  given  every  four  to  six  hours,  are  the 
most  powerful  means  of  sustaining  the  failing  circulation.  Or  a minim 
to  3 minims  of  tinct.  of  digitalis  may  be  administered  in  the  same  way. 
In  the  case  of  children  under  seven  years  of  age,  however,  these  remedies 
should  not  be  administered  hypodermicall}^,  except  in  conditions  of 
extreme  and  urgent  danger,  and  then  with  the  greatest  caution  and 
watchfiduess.  W.  B.  Cheadi.e. 
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^ Id  the  following  pages  frequent  reference  is  made  to  the  various  reports  ami  appendices 
tssueil  by  the  Royal  Comiiii.ssion  on  Vaccination  between  1889  and  1896.  To  save  repetition 
these  volumes  are  referred  to  as  R.C.V.  Final  Report ; R.C.V.  Appendix  ix.,  etc. ; the  latter 
contains  the  papers  relating  to  ca.ses  in  which  “ injury  or  death  was  alleged  or  suggested  to 
have  been  caused  by  vaccination,  or  to  have  been  connected  with  it.”  Of  these  ca.ses  205 
were  inquired  into  by  the  medical  stall  of  the  Local  Government  Board,  and  the  abstracts  of 
these  reports  were  prepared  for  the  Commission  by  Dr.  Coiipland  and  myself.  Besides  these, 
421  mlditional  cases  were  brought  to  the  notice  of  the  Commission  ; and  most  of  them  were 
investigated  by  Dr.  (now  Sir  Thomas)  Barlow,  Dr.  Coupland,  Dr.  Lull',  and  myself.  These 
inquiries  extended  over  a period  of  seven  and  a half  years  ; that  is,  from  November  1888  to 
April  1896.  Tlie  writer  is  greatly  indebted  to  those  who,  often  at  some  ])crsonal  incon- 
venience, have  given  him  assistance  in  investigations  which  were,  in  some  instances,  ncces- 
.sarily  prolongwl  ; and  he  wishes  to  take  this  opportunity  of  acknowledging  the  helj)  which 
has  tieen  given  him,  both  by  the  supporters  and  opponents  of  vaccination,  without  which 
help  many  of  the  investigations  woiihl  have  l>een  impossilde. 
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Part  I 

Vaccinia  Normal  and  Abnormal 

Introduction. — Vaccinia  in  man  is  a communicable  disorder  arising,  ex- 
cept in  very  rare  instances,  from  the  accidental  or  intentional  inoculation 
of  an  individual  with  vaccine  lymph.  The  disease  is  probably  due  to 
a specific  contagium  (9a)  (i)\de  p.  754).  It  has  definite  periods  of  in- 
•cubation,  evolution,  and  decline;  and  is  characterised  by  an  eruption 
at  the  point  of  inoculation,  which  eruption  has  eertain  well-recognised 
features. 

It  is  improbable  that  any  more  precise  definition  of  vaccinia  will  be 
possible  until  its  origin  and  affinities  are  more  fully  determined  than 
at  present.  Nor  is  there  anything  surprising  in  this,  since  similar 
general  definitions  have  to  suffice  for  all  the  acute  exanthems — such  as 
small-pox  and  scarlet  fever — the  recognition  of  which  depends  rather 
on  a given  train  of  symptoms,  than  on  a precise  knowledge  of  their 
causation. 

The  expression  “vaccinia  in  man”  is  taken  to  denote  the  sum  of  the 
results  produced  by  the  inoculation  of  uncontaminated  vaccine  lymph,  as 
generally  practised  throughout  the  United  Kingdom. 

The  course  of  vaccinia  may  be  normal  or  abnormal.  It  may  be  called 
normal  when  the  events,  subsequent  to  vaccination,  pursue  a certain  definite 
and  recognised  sequence.  The  gradations,  however,  between  normal  and 
abnormal  vaccination  are  insensible,  and  no  hard-and-fast  line  can  be 
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drawn  between  them  ; although  between  the  cases  which  occur  at  either 
end  of  the  scale  there  are  wide  and  striking  ditterences. 

Normal  vaccination  results  from  the  inoculation  of  a health}'^  in- 
dividual with  vaccine  lymph  uncontamimated  with  extraneous  micro- 
organisms, or  other  organised  or  unorganised  products,  which,  although 
not  infrequently  present,  are  not,  so  far  as  is  known,  in  any  way  essential 
to  the  process  of  vaccination  or  to  the  production  of  immunity  from 
small-po.x.  Calf-lymph  treated  with  glycerin  or  chloroform  is  practically 
free  from  all  extraneous  organisms,  and  even  if  in  some  few  cases  spores 
escape  destruction  by  these  methods,  the  healthy  tissues  of  the  vaccinated 
individual,  in  the  vast  majority  of  cases,  offer  sufficient  resistance  to 
obviate  an}'  ill  results  (44:  and  Cojieman,  9a,  p.  153  ei  seq.).  The 
power  of  resistance,  however,  is  not  the  same  in  all  cases,  and  this  ma}' 
probably  explain  why  occasionally  one  or  more  individuals  of  a series 
inoculated  with  the  same  lymph,  develop  inflammatory  symptoms — 
such  as  cellulitis,  abscess,  or  even  possibly  erysipelas — whilst  in  others 
of  the  same  series  vaccination  pursues  a normal  course. 

It  is  sometimes  urged  against  vaccination,  that  it  is  impossible  by 
examination  of  the  lymph  to  determine  Avith  certainty  what  results  will 
be  obtained.  This  objection  has  little  weight,  since  although  no  micro- 
scopical examination  of  lymph  in  bulk  will  reveal  pathogenetic  or  pyo- 
genetic  organisms,  and  it  is  doubtful  whether  lymph,  collected  in  the 
ordinary  wa}’,  does  not  ahvays  contain  blood-corpuscles,  calf-lymph  collected 
and  prepared  by  recent  methods  is  almost  entirely  free  from  these  possible 
sources  of  danger,^  and,  moreover,  experience  sheAvs  that  lymph  taken  from 
normal  A'esicles  in  healthy  indmduals  produces  certain  definite  results  in 
healthy  and  properly  cared  for  infants,  even  Avhen  the  vaccination  is  per- 
formed direct  from  arm  to  arm  Avithout  any  previous  treatment  of  the 
lymph.  On  the  other  hand,  no  selection  of  lymph  will  remove  dangers 
Avhich  arise  from  the  method  of  vaccination,  the  circumstances  or  con- 
dition of  the  child,  or  the  improper  treatment  of  the  vesicles : all  Avhich 
factors  are  found  to  be  far  more  productive  of  untoAA'ard  results  than  any 
defect  in  the  quality  of  the  lymph  itself. 

Nopmal  vaccination. — Under  favourable  conditions  A'acciuation  is 
folloAved  by  local  manifestations  and  general  symptoms  Avhich,  Avithin 
certain  limits,  A'ary  according  to  the  strength  of  the  virus  used,  and  the 

’ .-Although  calf-lymph  tre.ated  Avith  glycerin  or  chloroform,  ami  prepared  in  properly 
appointed  lalxiratorie.s  iiniler  .skilled  superintendents,  is  largely  used  iu  England  and  Wales, 
ami  Is  supplied  to  all  Pulilic  Vaccinators,  it  is  supplied  to  them  nnli/.  Private  practitioners 
are  obliged  to  ilejienil  upon  supplies  of  lymph  from  trade  sources.  It  is  almost  incredible  that 
a nation  which  is  .so  particular  that  vvu.rgarin  should  not  be  labelled  butter,  permits  any  pre- 
paration to  be  imimrted  ami  sold  as  vaccine  lymph  Avithout  requiring  a guarantee  as  to  its 
source,  origin,  or  nature.  Jt  cannot  be  unreasonable  that  all  individuals  vaccinated  in 
compliance  with  the  latv  should  have  the  right  to  the  use  of  lymph  prepared  by  the  most 
scientific  metho<l.s  in  lalwratories  kept  up  at  the  expense  of  the  nation,  Avhether  they  .are 
v.iccinated  by  a yirivate  practitioner  or  by  the  Public  Vaccinator.  As  long  as  the  present 
.state  of  things  continues  there  can  be  no  certainty  that  A'accinations  iierformcd  by  others  than 
the  Public  Vaccinator  at  the  public  expen.se  are  done  Avith  lymph  Avhich  is  cither  eflicient  or 
prepared  with  .all  the  s.afeguards  Avhich  are  universally  admitted  to  bo  ncces.sary  (cf.  9.\. 
pp.  1.0.3  and  180,  and  It.C.V.  Api>.  ix.  .Section  4 18). 
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peculiarities  and  circumstances  of  the  individual.  The  local  manifesta- 
tions arc  so  well  known  as  to  need  hut  the  briefest  mention. 

Period  of  Incuhation. — In  most  cases  the  immediate  effect  of  the 
operation  is  nothing  more  than  that  which  results  from  a scratch ; 
but  in  some  children  of  unusual  susceptibility,  there  is  immediate  evi- 
dence of  some  slight  traumatic  reaction,  such  as  swelling  and  redness 
of  the  part,  which  in  the  course  of  a few  hours  entirely  subsides  until 
the  end  of  the  incubation-period.  This  stage  lasts  as  a rule  for  about 
three  days. 

Period  of  Eruption. — On  the  3rd  or  4th  day,  pale  red  papules  develop 
at  the  points  of  inoculation,  which,  in  the  course  of  the  next  five  days, 
develop  into  compound  vesicles  with  clear  contents,  and  later,  about  the 
10th  day,  into  pustules;  the  lymph  becoming  more  and  more  opaque 
owing  to  the  multiplication  of  the  cellular  elements  which  it  contains. 
The  vesicles  are  at  first  fully  distended  and  plump  ; as  they  approach 
maturity  they  become  umbilicated,  the  centre  begins  to  dry,  and  a scab 
is  formed  which  increases  towards  the  periphery,  and  eventually  covers 
the  whole  pock.  Between  the  14th  and  20th  days  the  scab  falls  oft’, 
leaving  a scar  which,  dusky  red  at  first,  gradually,  after  some  months, 
becomes  white  and  pitted  (foveated).  The  amount  of  pitting  as'  a rule 
varies  inversely  as  the  amount  of  inflammation  at  or  round  the  seat  of 
inoculation  (for  abnormal  conditions  of  the  scar,  see  p.  671). 

About  the  5th  day,  when  the  vesicles  are  beginning  to  form,  a 
faint  blush  appears  round  them.  This  “ areola  ” becomes  more  intense 
about  the  9th  or  10th  day,  gradually  subsiding  with  the  drying-up  of 
the  pocks,  which  begins  about  the  11th  day.  The  areola  extends 
from  ^ inch  to  2 inches  round  the  pocks,  the  tissues  becoming  indurated 
and  painful  in  proportion  to  the  severity  of  the  inflammation.  This 
areola,  formerly  supposed  to  be  an  important  part  of  vaccination,  varies 
greatly  in  intensity,  and  probably  is  largel}^  dependent  on  the  kind  of 
lymph  used  and  the  method  of  preserving  it.  With  glycerinated  calf- 
lymph  it  tends  to  be  very  slight.  (The  alleged  relations  of  the  areola 
to  erysipelas  will  be  found  discussed  on  p.  699.) 

With  the  retrogression  of  the  pock  and  the  subsidence  of  the  areola 
the  local  phenomena  of  a normal  A'accination  are  at  an  end. 

Variations  in  the  development  of  the  vesicles. — Although  in 
ordinaiy  circumstances  the  development  of  the  vaccine  ])ocks  proceeds 
in  the  manner  sketched  above,  there  are  frequent  departures  from  the 
normal  course,  most  of  which  are  of  little  or  no  importance ; many 
depend  on  the  condition  of  the  vaccinee  and  his  circumstances,  some 
on  causes  quite  independent  of  A^accination  and  easily  preventable.  No 
useful  2^nrpose  would  be  served  by  giving  details  of  all  the  A'ariations 
from  a definitely  regular  development  of  the  vesicles ; but  the  following 
table  indicates  the  kind  of  irregularities  which  are  met  Avith  from  time 
to  time : — 
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Tablk  shewing  variations  in  the  development  of  vaccine  pocks. 


rt.  Variations  in  number 

b.  Variations  in  size  . . . . 

c.  Variations  in  contents 

d.  Variations  in  evolution  . 

c.  A'ariations  in  involution  . 

/.  A'ariations  in  healing  and  formation 
of  scar. 


Supernumerary  pocks. 

Confluent  pocks  round  iioints  of  inocula- 
tion. 

Generalised  vaccinia. 

Duo  to  coalescence  of  vaccination-vesicles. 
Due  to  extension  of  original  vesicles  by 
coalescence  of  surrounding  secondary 
pocks. 

Serous. 

Purulent. 

Hoemorrhagic. 

Acceleration. 

Retardation. 

Abortion. 

Recrudescence.  - 
Persistence. 

Inflammation. 

Suppuration. 

Ulceration. 

Gangrene. 

Delayed  healing. 

Induration. 

Cheloid. 


a.  rariatims  in  Number. — This  subject,  which  is  necessarily  of  some 
length,  will  be  more  conveniently  considered  under  the  heading  of 
Generalised  Vaccinia  {q.v.  p.  679). 

h.  Variations  in  Size. — Two,  three,  or  four  of  the  compound  vesicles 
resulting  from  ordinary  vaccination,  may  coalesce  to  form  one  large 
pock,  the  size  of  which  may  be  almost  indefinitely  increased  by  the 
development  of  supernumerary  pocks  in  the  immediate  neighbourhood 
of  the  primary  vesicles;  an  example  has  been  recorded  by  myself  (1) 
(ride  Fig.  15,  p.  679)  in  which  the  sore  on  the  arm  thus  produced  measured 
4 inches  by  4-^  inches.  These  cases  as  a rule  are  not  serious  ; with 
cleanliness  and  protection  of  the  arm  from  injm-y,  the  sores  heal  well 
and  cjuickly. 

c.  Variations  in  Contents. — Under  certain  conditions,  the  most  im- 
portant of  which  are  a cachectic  state  of  the  vaccinated  child,  the  use  of 
contaminated  lymph,  or  the  improper  treatment  of  the  vesicles  (vide 
Vaccinal  Ulceration,  p.  725),  the  contents  of  the  pocks,  instead  of  being 
clear  and  bright  at  the  end  of  the  first  week,  may  be  watery  and 
unhealthy,  or  pus  may  have  formed  early,  or  the  contents  of  the 
vesicles  may  be  hicmorrhagic  : any  one  of  these  conditions  may  be  of 
grave  importance. 

d.  Variations  in  Evolution. — (i.)  The  development  of  the  pocks  may  lie 
accelerated  by  the  season  of  the  year — it  is  more  rapid  in  warm  Aveather 
than  in  cold — it  is  influenced  by  the  idiosyncrasy  of  the  individual,  and 
also  by  the  amount  and  activity  of  the  lymph  used.  Their  development 
is  also  accelerated  by  the  degree  of  immunity  Avhich  has  been  attained 
by  previous  vaccinations.  Thus  Cory  (9c)  found  by  vaccinating  in 
serie.s,  one  insertion  being  made  on  each  of  eleven  successive  days,  that 
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all  the  successful  insertions  came  to  maturity  on  the  ninth  day.  The 
insertions  made  subsequent  to  this  date  were  ineffectual.  He  also 
found  (9d)  that  in  cases  in  which  vaccination  was  performed  on  super- 
numerary fingers  which  were  removed  on  the  fifth  day,  vaccination 
performed  in  the  usvial  way  a month  later  hurried  through  its  cycle, 
as  happens  in  the  revaccination  of  individuals  in  whom  immunity 
has  not  been  completely  secured. 

(ii.)  Ketardation  of  the  pocks  may  be  brought  about  by  the  con- 
verse of  such  conditions,  the  evolution  of  vesicles  being  delayed  for  ten, 
fifteen,  or  possibly  even  thirty  days  (37)  ; and  in  some  cases  vesicles 
which  seemed  to  have  aborted  entirely  were  excited  to  activit}'  by  a 
revaccination  a week  or  more  after  the  first  insertions. 

(iii.)  The  recrudescence  of  a pock  and  its  breaking  down  after  an 
interval  of  some  weeks  has  been  noted  in  cases  of  invaccinated  syphilis 
(p.  718),  and  should  at  any  rate  excite  suspicion  as  to  the  purity  of 
the  lymph.  No  allusion  is  here  made  to  those  cases  of  ulceration 
of  pocks  which  not  infrequently  result  from  some  mechanical  injury 
to  the  scabs. 

(iv.)  The  non-development  or  abortion  of  pocks  at  the  points  of 
vaccination  probably  depends  largely  on  the  quality  of  the  lymph  and 
the  experience  of  the  vaccinator.  The  “ insertion-success  ” of  skilled 
vaccinators  is  very  large,  amounting  to  97-98  per  cent. 

Morrow  (42a),  under  the  heading  of  false  or  spurious  vaccinia,  gives 
the  following  varieties  of  the  evolution  of  the  pock  by  the  production  of 
(a)  a vesicle  containing  opaque  or  straw-coloured  lymph,  complete  on  the 
4th-6th  day,  and  with  an  irregular  involution;  (i)  a small  reddish 
tubercle,  which  matures  by  the  4th  or  5th  day  and  disappears,  leaving 
no  cicatrix  ; (c)  a single  bulla,  or  a group  of  herpetic  vesicles,  which 
soon  burst  and  cause  irritation  by  the  exuded  fluid  ; (rf)  a vesicle  running 
a normal  course  until  the  8th  or  9th  day,  when  it  ruptures,  and  a scab 
forms  with  ulceration  beneath  it;  (e)  a pigmented  tubercle,  “supposed 
to  be  the  product  of  bovine  lymph,”  the  so-called  raspberry  sore.  It  is 
formed  during  the  second  week  after  vaccination  by  the  coalescence 
of  a number  of  small  papules  reaching  the  size  of  a large  pea  or  coft'ee 
grain.  It  is  precedeil  and  followed  by  intense  itching,  lasts  4 to  8 weeks, 
and  disappears,  leaving  pigmentation  but  no  cicatrix. 

e.  Variations  in  Involution.  — As  has  been  observed,  a hard-and- 
fast  line  cannot  always  be  drawn  between  the  local  manifestations 
which  result  from  vaccination  in  a normal  case,  and  those  which  so  far 
exceed  what  is  necessaiy  or  desirable,  as  to  constitute  a source  of  danger 
to  the  individual  vaccinated.  As  regards  the  vesicles  it  will  be  found, 
that  besides  those  departures  from  the  normal  which  have  been  indicated 
above,  many  of  whieh  may  be  considered  as  of  little  consequence,  com- 
plications such  as  severe  inflammation  round  the  pocks,  ulceration, 
coalescence  of  several  j^ocks  into  one  large  ulcer,  and  even  local  necrosis 
of  the  tissues  in  the  region  of  the  pocks,  may  occasionally  occur. 
Abnormal  results  in  vaccination  depend  on  so  many  factors — the  lymph. 


VACCINIA  IN  MAN — A CLINICAL  STUDY 


671 


the  method  of  vaccination,  the  treatment  of  the  vesicles,  the  condition 
of  the  individual  vaccinated,  both  previous  and  subsequent  to  the  opera- 
tion— that  it  may  be  by  no  means  easy  in  a given  case  to  trace  their 
origin,  to  detect  the  cause,  or  to  predict  their  occurrence ; such  results 
may,  however,  be  expected  to  follow  the  careless  treatment  and  injury  of 
the  vesicles,  the  vaccination  of  feeble  or  sickty  children,  lack  of  care,  and 
unsuitable  feeding  of  children  during  the  vaccination  period,  or  the  use 
of  lymph  which  has  been  improperly  stored,  or  collected  from  A’esicles 
with  obvious  inflammation  about  them.  A further  cause  of  danger 
possibly  lies  in  the  vaccination  of  children  Avho  have  recently  been 
exposed  to,  or  who  are  incubating,  some  acute  disease,  such  as  scarlet 
fever  or  measles.  These  dangers  may  be  almost  entirely  avoided  if  the 
precautions  enjoined  in  the  instructions  to  Public  Vaccinators  (Vaccination 
Acts  18G7-1898,  Third  Schedule,  Para.  I.)  are  faithfull}'^  carried  out,  but 
they  do  occasionally  arise,  and  the  examples  given  will  serve  to  shew 
that  a large  number  of  the  inflammatory  complications  which  follow 
vaccination  are  directly  traceable  to  some  extraneous  cause,  and  cannot 
in  any  way  be  considered  merely  as  valuations  in  the  involution  of  the 
normal  vaccine  pock.  The  cases  of  suppuration,  ulceration,  and  gangrene 
are,  however,  of  so  much  importance  that  they  will  be  considered  under 
the  heading  of  Vaccinal  Injuries  (p.  696). 

/.  Variations  in  Healing  and  Fm-maiion  of  Scar. — Vaccination  wounds, 
under  normal  conditions,  should  be  well  and  firmly  healed  before 
the  end  of  the  third  week ; but  in  rare  cases  they  may  remain  open 
for  many  weeks,  or  in  still  rarer  instances,  for  months.  This  clela}' 
in  healing  is  often  due  to  easily  preventable  causes,  such  as  repeated 
injury  to  the  scabs — by  other  children,  by  shields,  dirty  sleeves,  dirty 
applications — and  general  want  of  cleanliness  ; sometimes  it  is  due  to  the 
feeble  condition  of  the  child  combined  with  unfavourable  surroundings ; 
and,  though  no  doubt  in  exceptional  cases  the  ulceration  is  definitely 
started  by  vaccination,  in  most  of  the  instances  which  have  come  under 
my  notice  I have  found  that  extraneous  conditions  are,  as  a rule,  far 
more  to  blame  for  prolonged  ulceration  than  any  inherent  defect  in  the 
lymph  or  in  the  method  of  vaccination.  Such  cases  of  deferred  healing 
are  not  infrequently  mistaken  for  vaccinal  syphilis  ; and  a protracted 
investigation  into  a series  of  such  cases,  made  by  Sir  T.  Barlow  and 
myself,  wll  be  found  in  App.  ix.  to  Final  Eeport  of  E.C.V.  1896, 
pp.  320-329.  The  means  by  which  a diagnosis  may,  in  most  cases, 
be  made  with  certainty  will  be  found  under  the  head  of  Vaccinal 
Syphilis  (p.  727). 

Although,  as  already  indicated,  the  scar  left  by  vaccination  con- 
forms, as  a rule,  to  a general  type,  its  appearance  may  pi-esent  veiy 
considerable  variations.  There  is  nothing  peculiar  to  vaccination 
in  the.se  abnonnalities  ; they  depend  largely  on  the  amount  of  in- 
flammatory redaction  at  the  seat  of  inoculation.  The  changes  which  arc 
most  frequently  met  with  are  simple  hypertroj)hy  or  puckering  of  the 
.scar,  and  cheloid.  None  of  these  conditions  indicate  that  the  operation 
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has  been  unsuccessful ; and  no  certain  deduction  as  to  tlie  course  of 
vaccination  can  be  made  from  them.  I have  seen  a case  of  cheloid,  for 
instance,  which  followed  on  vaccination  made  by  subcutaneous  punctures 
in  which  no  true  vesicles  resulted ; and  Mr.  Hutchinson  has  recorded  a 
case  Avhich  followed  after  protracted  ulceration  of  the  pocks  (28).  There 
is  some  ground  for  supposing  that  the  occurrence  of  cheloid  depends  on 
the  idiosyncrasy  of  the  person,  since  there  is  not  only  a tendency  for  the 
condition  to  spread  beyond  the  limits  of  the  original  scar,  but,  if 
removed,  it  is  prone  to  recur  (23a). 

Lupus  of  the  vaccination  scars  is  discussed  on  p.  733. 

General  symptoms. — These  are  commonly  unimportant ; sometimes 
a slight  rise  of  temperature  is  noted  about  the  3rd  day  after  inocula- 
tion : this  may  be  followed  by  remissions,  and  if  there  be  any  fever  it 
generally  reaches  its  maximum  before  the  8th  day.  These  slight  dis- 
turbances are  often  the  only  evidence  of  a general  diffusion  of  the  virus, 
although  eruptions  such  as  erythema,  roseola,  or  urticaria  may  accompany 
even  the  mildest  and  most  favourable  cases  of  vaccination.  These  rashes, 
which  may  develop  early  in  children  who  are  unusually  susceptible  ^ to 
the  vaccine  virus,  may  occur  within  four  or  five  days  of  inoculation,  or 
they  may  develop  during  the  period  of  maturity  and  subsidence  of  the 
pocks ; they  have  no  special  significance,  and,  as  a rule,  are  not  harmful 
except  in  so  far  as  they  produce  irritation  and  consequent  restlessness. 
Amongst  the  more  usual  complications  which  occur  at  or  about  the  period 
of  the  full  development  of  the  pocks  are  those  which  are  common  in 
all  the  acute  exanthems ; such  as  headache  (in  adults  and  in  elder 
children),  lassitude,  irritability,  sleeplessness,  disturbances  of  the  digestive 
system — ■ e.f/.  anorexia,  vomiting,  catarrhal  diarrhoea;  and  possibly, 
during  the  onset  of  the  vaccitial  fever,  rigors  may  occur  in  adults  and  in 
the  revaccinated,  and  convulsions  in  infants.  In  relation  to  these  indica- 
tions of  a general  infection,  there  will  in  some  instances  be  evidence  of 
a corresponding  disturbance  of  the  circulatory  or  respiratory  apparatus, 
as  shewn  by  increased  rapidity  of  pulse  and  respiration,  bronchial  catarrh, 
or  slight  temporary  albuminuria. 

Fiirst  (23)  points  out  that  there  is  an  increase  in  the  number 
of  leucocytes  in  the  blood  during  the  vaccination  period.  This 
increase  takes  place  about  the  3rd  day,  when  the  local  eruption  is  first 
developing ; and  again  when  the  surrounding  inflammation  is  at  its 
height.  The  leucocytosis  diminishes  rapidly  with  the  fall  of  temperature 
in  the  early  part  of  the  second  week,  and  appears  to  be  proportional  to 
the  severity  of  the  symptoms. 

' The  proljleiu  is  generally  thus  .stated,  and  although  children  differ  widely  in  their  re- 
action to  all  kinds  of  e.xternal  stimuli,  increased  susceptibility  to  the  vaccine  virus  must  in 
our  present  state  of  knowledge  be  held  only  to  imply  that  the  effect  produced  by  vaccina- 
tion in  a particular  case  is  unusually  severe.  For  various  reasons  one  child  may  receive  a 
much  stronger  dose  than  another,  and  the  apparent  greater  susceptibility  of  one  child  over 
another  may  possilily  mean  only  that  he  has  received  a larger  dose  of  the  virus. 
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Part  II 

Vaccinal  Eruptions  and  Complications  1 

Introduction. — Before  taking  up  the  general  question  of  vaccinal 
injuries,  attention  may  be  directed  to  some  of  the  more  usual  complications 
which  are  met  with  after  vaccination  : of  these  tlie  most  obvious  are  the 
cutaneous  eruptions  wliich,  although  they  frequently  accompany  and 
sometimes  result  directly  from  the  inoculation  of  vaccine  lymph,  yet  for 
the  most  part  are  hot  peculiar  to  vaccination,  but  are  common  both  in 
infants  aiul  adults,  and  arise  from  the  most  diverse  causes. 

That  eruptions  of  vai’ious  kinds  follow  vaccination  is  now  generally 
recognised.  The\^  are  as  a rule  harmless  and  of  simple  well-known 
forms,  such  as  occur  in  all  persons,  especially  in  the  very  young,  under 
the  influence  of  irritants  of  widely  difterent  kinds  and  acting  in  various 
ways.  The  rashes  produced  by  belladonna,  potassium  iodide,  mussels, 
hydatids,  septic  infections,  and  antitoxins  are  familiar  to  all  of  us  ; many 
of  the  vaccinal  eruptions,  however  much  thejr  may  difl'er  in  the  strictl}' 
pathological  sense,  are  clinically  of  the  same  kind,  and  are  jirobably  due 
to  a similar  cause.  Some  of  them  have  obtained  a fictitious  importance 
in  \-iew  of  the  suggestion  that  an  analogy  exists  between  syphilis  and 
vaccinia,  on  the  ground  that  amongst  other  symptoms  roseolous  and  other 
enrptions  are  common  to  both.  The  suggestion  is  of  little  value  when 
it  is  remembered  that  similar  eruptions  are  common  after  infection  by- 
diseases  differing  as  widely  as  variola  and  cholera. 

From  such  data  as  are  available  it  seems  probable  that  these  rashes, 
which  are  by  no  means  peculiar  to,  or  characteristic  of,  vaccinia,  signifj- 
only  that  a generalisation  of  the  virus  has  taken  place  as  the  result  of 
the  local  inoculation ; and,  further,  it  seems  reasonable  to  conjecture  that 
they  are  excited  by  some  chemical  irritant,  as  distinguished  from  those 
which,  like  erysipelas,  are  due  to  micro-organisms. 

Vaccinal  eruptions  are  usually  characterised  by  their  temporary 
duration  and  irregular  distribution,  and  by  their  occurrence  during  the 
[>eriod  of  vaccination  ■,  they  are  often  attended  with  much  iridtation, 
considerable  general  disturbance,  and  some  pyrexia. 

All  kinds  of  eruptions  occurring  after  vaccination  are  not  infrequently- 
attributed  to  it  j as  for  instance  those  of  scabies  and  acne,  or  even  the 
rash  produced  by  potassium  bromide  administered  medicinally.  A case 
of  the  latter  kind  - came  under  the  care  of  Dr.  Colcott  Fox  (22a).  A 
mother  who  was  suckling  her  child  suffered  from  ej)ilepsy,  for  which  she 
wa.s  taking  large  doses  of  pota.ssium  bromide  : the  infant  after  vaccination 

’ A snmni2tr>'  of  this  subject  containing  imich  useful  infornintion  ha.s  been  given  by 
.Mr,  (i.  Pemet  ^ 

^ A drawing  of  a similar  emption  alleged  to  be  vaccinal  is  given  in  llie  report  of  the 
.Medical  Officer  of  the  I»cal  Government  Board,  1888,  p.  28. 
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suffered  from  a plentiful  crop  of  bromide  pustules,  which  disappeared 
immediately  the  drug  was  omitted. 

In  making  the  diagnosis  of  a vaccinal  eruption  it  is  necessary  to 
bear  in  mind  these  possibilities  of  error,  since  these  symptoms  may 
easily  excite  unnecessary  alarm  or  suspicion  in  the  minds  of  those  who 
are  responsible  for  the  care  of  recently  vaccinated  children. 

Classifleation  and  Chronology,  — Various  classifications  of  these 
eruptions  have  been  made,  of  which  the  most  satisfactory  are  those 
given  by  Mr.  Malcolm  Morris  and  Dr.  Crocker  (11,  12),  to  whose  works 
I am  much  indebted. 


CLASSIFICATION  OF  ERUPTIONS  AND  OTHER  COMPLICATIONS 
FOLLO  WING  VA  COIN  A TION 

Eruptions  peculiar  to  vaccination. 

1 . Those  which  may  result  from  the  inoculation  of  uncontaminated 

vaccine  lymph  : — 

{a)  Multiplication  of  vaccine  vesicles  by  diffusion  through 
digestive,  circulatory,  or  other  systems  — generalised 
vaccinia. 

[h)  Multiplication  of  vaccine  vesicles  by  auto-inoculation. 

2.  Those  probably  due  to  some  contamination  of  the  Ijmiph  or 

to  some  peculiarity  on  the  part  of  the  individual  vaccinated — - 
vaccinia  gangrenosa  ; vaccinia  bsemorrhagica. 

Eruptions  not  peculiar  to  vaccination,  which  may  be  excited  by  the  absorp- 
tion of  many  kinds  of  virus ; probably  due  to  chemical  irritation, 
not  to  microbic  infection. 

1.  Urticaria;  Lichen  urticatus. 

2.  Erythema  multiforme. 

3.  Roseolous,  papular,  vesicular,  pustular,  bullous  eruptions 

(11,  37). 

4.  Eruptions  resembling  those  of  measles  and  scarlet  fevei'. 

Complications  not  peculiar  to  vaccination,  which  may  result  from  the 
infection  of  any  wound,  and  are  due  to  some  peculiarity  on  the 
part  of  the  individual  vaccinated,  or  to  the  introduction  of  some 
extraneous  virus  into  the  wounds  at  the  time  of  vaccination  or 
subsequently. 

1 . Probably  due  to  peculiarities  of  the  individual : Eczema ; 

Psoriasis  ; Pemphigus  ; Local  Gangrene. 

2.  Probably  due  to  some  microbic  infection  of  the  vmunds : 

Impetigo  contagiosa ; Tinea  tonsurans ; Furunculosis ; 
Glandular  abscess ; Cellulitis  ; Erysipelas  ; Septic  infections  ; 
Tetanus. 

3.  Causation  doubtful ; possibly  due  to  microbic  infection  ; 

Purpura. 
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liioculiited  diseii:<es. 

Syphilis  ; Lupus  ? Tuberculosis  1 Leprosy  1 Ciiucer  ? Hpizootic 
disease  1 

T/ie  dates  at  which  these  eruptions  or  compilications  may  be  looked  for  after 
vaccination  are  as  follows  : — 

1.  During  the  first  three  clays:  Erythema j Urticaria;  Vesicular  and 

bullous  eruptions ; Invaccinated  erysipelas. 

2.  After  the  third  day  and  until  the  pock  reaches  maturity  : Urticaria ; 

Lichen ; Lichen  urticatus ; Erythema  mirltiforme ; Accidental 
erysipelas. 

3.  About  the  end  of  the  first  week,  and  generally  after  the  maturation 

of  the  pocks  : Generalised  vaccinia — (a)  by  auto-inoculation,  (i) 
by  general  infection  ; Impetigo ; Accidental  erysipelas  ; Vaccinal 
ulceration ; Glandular  abscess  ; Septic  infections  ; Gangrene. 

4.  After  the  involution  of  the  jwcks  : invaccinated  disease,  for  example 

syphilis. 

The  dates  at  which  the  various  eruptions  or  complications  of  vaccina- 
tion appear  after  the  operation  are  of  considerable  importance,  as 
shewing  the  true  nature  of  those  cases  in  which  the  suspicion  of  in- 
vaccinated s^’^hilis  has  been  raised ; and  the  more  so  as  some  writers 
have  endeavoured  to  trace  analogies  between  vaccinia  and  syphilis.  Thus, 
Dr.  Creighton  (10)  states  that  “the  real  afiinity  of  cow-pox  is  not  to  small- 
pox, but  to  the  gi’eat  pox.  . . . The  vaccinal  roseola  is  not  only  very 
like  the  syphilitic  roseola,  but  it  means  the  same  sort  of  thing.” 

It  may  be  pointed  out  that  the  vaccinal  roseola  a23pears  within  a 
week  of  inoculation,  syphilitic  roseola  not,  as  a rule,  for  a month ; that 
roseolous  and  erythematous  rashes  commonly  usher  small  - pox,  and 
occur  very  frequently  after  the  injection  of  antitoxins- — diphtheritic 
and  others ; and  again  that  the  date  of  their  appearance  and  the  absence 
of  any  distinctive  characteristic  are  opposed  to  the  deduction  that  they 
are  in  any  way  allied  to  syphilis. 

There  does  not  seem  to  be  adequate  ground  for  concluding  that,  with 
the  exception  of  generalised  vaccinia,  any  of  the  eruptions  enumerated 
above  are  peculiar  to  vaccination,  or  arc  an  essential  part  of  it.  Their 
occurrence  in  a small  number  of  cases  is  undoubted ; in  some  instances 
they  certainly  depend  on  extraneous  find,  therefore,  removable  causes, 
and  in  others  they  depend  on  peculiarities  in  the  individual  which  are 
often  unsuspected  at  the  time  of  operation,  and  cannot  be  foreseen. 

Nothing  would  be  gained  by  discussing  in  detail  all  the  various  forms 
of  eruption  which  may  follow  vaccination.  None  of  them  has  any 
pecnliar  significance ; many  of  them  are  unimportant,  and  are  only 
mentioned  because  they  are  sometimes  a cause  of  anxiety  to  those  who 
are  unacquainted  with  their  harmless  character.  The  more  important 

' The  gener.ll  tiiie  of  calf-lymph  Ikuh  rendered  this  accident  imi)ossible,  except  by  some 
gross  and  inexcuable  neglect  of  ordinary  precautions. 
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eruptions,  and  some  of  the  more  troublesome, — such  as  eczema  and 
impetigo,  — require  further  notice  ; erysipelas,  syphilis,  tubercle,  and 


Km.  il. — Supenuimerary  vesicles.  Stage  i.  Oiscrece.  Drawing  made  on  9th  day  after  vaccination 
with  lymph,  46th  remove  from  the  calf,  and  4th  remove  from  H.  T.  (Me  Fig.  15,  p.  679).  For 
details,  see  Case  214,  Appendix  ix.  to  Final  Report  R.C.V.,  p.  402,  \o.  500. 


leprosy,  will  be  considered  later  in  detail,  although  the  three  latter 
are  mainly  now  of  historical  interest  only. 

From  a clinical  point  of  view  the  eruptions  peculiar  to  vaccination 
are,  without  doubt,  the  most  interesting  and  important ; for  if  there  be 
any  connexion  between  vaccinia  and  variola,  it  might  be  expected  that 
cases  would  occur  from  time  to  time  in  which  the  symptoms  following 
vaccination  would  more  closelj'  resemble  inoculated  variola  than  the  merely 


F^o.  1*J. — Supernumerary  vesicles.  Stape  ii.  Semi*conrtuent.  Drawing  made  on  14th  day  after 
vaccination  with  humanised  lymph. 


local  phenomena  which  are  generally  associated  with  vaccination.  Such 
cases  do  in  fact  occur  ; and,  though  the  instances  are  rare  in  which  vaccina- 
tion is  followed  by  a general  eruption  of  pocks  like  those  at  the  point 
of  inoculation,  it  is  (judging  from  my  own  experience)  by  no  means  very 
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uncommon  to  find  the  oiigimil  insertions  suvrounded  by  siipornumerary 
pustules,  cf.  Figs.  11,  12,  13,  so  that  the  appearances  closely  resemble  the 
drawings  of  inoculated  small-pox  bj'  Kirtland,  reproduced  in  the  Briluh 
Medical  Journal,  1896,  vol.  i.  p.  1276.  I do  not  intend  to  maintain 
that  this  resemblance  implies  of  necessity  any  community  of  nature 
between  variola  ami  vaccinia,  possible  as  this  may  be  for  reasons  which 
are  discussed  by  Dr.  Copeman  (p.  749),  but  it  is  found  that,  under 
certain  conditions,  the  course  of  vaccinia  departs  from  that  which  is 
ordinarily  observed,  and  the  affection  becomes  comparable  to  one  of 
the  exanthems,  instead  of  being  characterised  only  by  a local  pock  with- 
out any  general  eruption.  It  is  also  Avorthy  of  note  that  conversely 


Fig.  13. — Supemamcrary  vesicles.  Stage  iii.  Confluent.  Drawing  made  on  lilth  day  after  vaccination 
in  four  places  with  humanised  lymph.  First  appearance  of  eruption  on  flth  day ; eruption  flrst 
confluent  on  11th  day.  Besides  the  eruption  on  arm  there  was  only  one  umbilicated  vesicle  on 
abdomen.  CoiniMre  with  Fig.  14,  shewing  inoculated  small-pox,  and  Fig.  15,  vaccinia  confluent  at 
point  of  inoculation  in  a later  stage. 


small-pox,  by  successive  re-inoculations  of  the  same  individual,  may  shew 
itself  only  as  a local  pock  at  the  point  of  inoculation  without  any  general 
eruption  (43,  49).  This  is  the  case  not  only  in  the  direct  inoculation  of 
variolous  Ijunph,  but  is  equally  so  in  “ vaccinations  ” performed  with  lymph 
taken  from  pocks  raised  on  the  calf  by  the  inoculation  of  small-pox  virus. 
These  points  of  resemblance  between  variola  and  vaccinia  are  of  interest 
whether  they  indicate  any  close  relationship  between  the  Dvo  affections 
or  not ; there  is  little  Avarrant,  indeed,  for  the  belief  that  generalised 
vaccinia  is  identical  AA'ith  variola : and  (unlike  small-pox),  so  far  as  I am 
aware,  no  case  has  been  recorded  in  Avhich  vaccinia  has  proved  to  be  com- 
municable, except  by  direct  inoculation,  or  by  the  ingestion  of  material 
from  the  vaccine  pocks,  although  ca.ses  Avith  a general  eruption  .someAvhat 
similar  to  variola  do  at  times  occur.  I am  not,  hoAvever,  aAvare  of  any 
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Generalised  vaccinia  differs  in  many  ways  from  a general  diffusion  of 
vaccine  pocks  by  auto-inoculation  through  the  skin  ; though  both  affections 
indiscriminately  have  been  called  by  the  same  name.  For  convenience  of 
desci  iption  Longet  s classification  of  these  generalised  vaccinal  eruptions 
may  be  adopted.  It  is  as  follows  : — 

1.  Spontaneous  general  vaccinal  eruptions  or  generalised  vaccinia 

Vaccinal  eruptive  fever. 

2.  Vaccinal  eruptions  generalised  by  auto-inoculation,  for  example, 


Fig.  14. — Inoculated  snmll-pox.  Shewing  the  appearances  of  a single  insertion  on  the  14th  day.  From 
the  original  drawing  by  G.  Kirtlaud  (1802),  lent  by  Mr.  G.  W.  Collins  of  Wanstead. 

by  scratching — (without  any  pre-existing  lesion  of  the  skin.  T.  D.  A.) 
Multiplication  of  pocks  by  auto-inoculation. 

3.  To  these  should  be  added  local  vaccinal  eruptions  (often  confluent), 
the  occurrence  and  position  of  which  are  determined  by  some  jire-existing 
cutaneous  lesion  such  as  impetigo,  eczema,  acne,  or  psoriasis.  Some 
inevitable  confusion  has  been  caused  by  not  clearly  discriminating  be- 
tween vaccinal  eruptions  which  have  occurred  on  surfaces  previously 
sound,  and  those  in  which  the  seat  of  the  eruption  has  been  determined 
by  some  previous  local  affection. 

4.  Vaccinal  eruptions  by  migration. 

These  are  too  rare  to  be  of  any  practical  importance  since  they  consist 
of  those  cases  of  generalised  vaccinia  in  which  the  general  eruption  is  the 

’ For  an  apparent  exception  to  thi.s  see  Martin’s  case,  p.  682,  which  does  not,  however, 
really  invalidate  the  trutli  of  the  general  rule  as  stated  above. 
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primary  manifestation,  no  local  result  having  followed  at  the  point  of 
inoculation.  (Louget,  he.  cit.  p.  20o.) 

Generalised  vaccinia,  or  vaccinal  eruptive  fever,  occurs,  as  a rule, 
comparatively  early  after  vaccination  ; either  one  or  two  days  before  or 
one  or  two  days  after  the  pock  at  the  seat  of  inoculation  has  arrived  at 


Fio.  15. — Vaccinia  confluent  at  point  of  inoculation,  shewing  the  ulcerated  surface  left  after  removal 
of  the  scabs.  There  are  two  supernumerary  pocks  ou  the  forearm.  The  drawing  was  made  43  days 
after  vaccination.  For  details  of  case  see  p.  687 ; also  Case  214,  Appendix  ix.  to  Final  Report 
K.C.V.,  p.  402.  Figs.  16  and  17  are  from  the  same  case. 


maturity,  that  is  to  say,  generally  not  before  the  4th  day  or  after  the 
1 0th.  The  date  of  its  appearance  may,  however,  vary  considerably.  In 
Poole’s  case  (App.  ix.  K.C.V.  No.  cxciv.  p.  70)  the  eruption  began  on  the 
1.3th  or  the  14th  day  (46) ; in  Dr.  Colcott  Fox’s  two  cases  on  the  9th  day 
(22).  The  pocks  form  in  successive  crops,  so  that  at  a given  date  they  may 
be  found  in  all  stages  of  development ; in  the  three  cases  alluded  to,  the 
eniption  continued  to  appear  from  the  1 3th  to  the  28th  day,  from  the  9th  to 
the  1 9th,  and  9th  to  the  1 Gth  days  respectively.  When  it  first  appears  the 
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eruption  is  dusky  red,  then  rapidly  becomes  papular,  vesicular,  and  finally 
pustular ; in  two  or  three  days  the  pocks  arrive  at  maturity,  and  some- 
times closely  resemble  the  original  vaccine  vesicles ; in  other  cases  they 
so  much  resemble  those  of  variola  that  Bousquet  declares  that  there  is 
“ so  much  resemblance  between  vaccinia  and  inoculated  variola  that  no 
physician,  however  experienced,  is  in  a position  to  difterentiate  the 
vaccinal  from  the  variolous  pustule.  The  most  sagacious  make  mistakes. 
In  a word,  at  whatever  period  you  select — the  7th,  the  10th,  the  12th, 
or  15th  day — the  characters  of  the  one  are  the  characters  of  the  other. 
There  is  no  difference  between  them.”  ^ (Fig.  14.)  This  is  hardly  the  case, 
since  the  eruption  of  inoculated  variola  appears  about  the  12th  (9th-14th) 
day.  Generalised  vaccinia,  as  a rule,  appears  earlier  (about  the  7th  day) ; 
and  the  vaccinal  fever  is  generally  less  pronounced  and  the  constitutional 
disturbance  less  marked  than  in  the  case  of  variola.  It  is  not  usual  for 
the  vaccinal  eruption  to  be  found  on  the  mucous  membranes  or  con- 
junctiva}; but  this  distinction  does  not  hold  good  in  all  cases.  Two 
instances  in  which  the  mucous  membrane  of  the  mouth  was  affected,  and 
one  in  which  the  vesicles  formed  on  the  conjunctivre,  have  been  noted  in 
England.  (See  L.G.B.  Reports,  Nos.  li.  and  clxii.  App.  ix.  to  Final 
Reimrt  of  R.C.V.  1896,  pp.  20  and  56.)  The  similarity  of  the  two 
affections  is  such  that  the  suspicion  of  variola  was  raised  in  not  a few 
of  the  recorded  cases  before  the  nature  of  the  eruption  was  recognised 
(27,  29,  40a,  41,  46). 

The  table  on  the  opposite  page,  founded  on  that  given  by  Dauchez, 
gives  the  chief  points  of  difference  between  variola,  inoculated  variola, 
and  generalised  vaccinia — ^eruptive  vaccinal  fever. 


* An  interesting  ease  is  reported  by  Dr.  Slinrkey  (52),  “ A case  in  proof  of  the  non- 
identity of  variola  and  varicella.”  In  this  instance,  a boy  who  may  have  been  exposed  to 
the  contagion  of  small-pox  (though  this  is  not  certain)  was  admitted  to  St.  Thomas’s 
Hospital  sufl'ering  from  chicken-pox.  He  was  vaccinated,  and  eight  days  afterwards  an 
eruption  believed  to  be  small  - pox  began  to  make  its  appearance.  If  generalised  vaccinia 
can  be  determined  by  a cutaneous  eruption,  it  is  conceivable  that  this  was  in  fact  a case  of 
that  disease  ; and  in  this  connexion  attention  may  be  called  to  a renuark  by  Dr.  W.  J.  Simpson, 
whose  researches  into  the  relation  of  variola  and  vaccinia  are  well  known  (53) : — “ Vaccine 
and  chicken  - pox  have  always  seemed  to  me  to  be  two  elements  of  small-pox  which  have 
become  separated  in  some  unknown  way  ; the  vaccine  retaining  the  peculiar  qualities  which 
alfect  the  body  in  such  a manner  as  to  render  it  immune  from  a second  attack,  while 
chicken-pox  has  none  of  these  qualities.” 
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l>a,v. 

Variola  (33). 

Inoculated  Variola  (57,  34). 

Vnceinal  Enijitive  Ff*ver 
(Gem*niUs<Hl  Vaccinia). 

1. 

Contagion. 

Inoculation. 

Vaccination. 

3. 

Period  of  incubation. 

Papule  at  point  of  in- 
sertion becoming  vesi- 
cular : vesicle  promi- 
nent, slightly  umbili- 
cated. 

Papule  at  point  of  in- 
sertion becom  i ng  vesi- 
cular. 

Supernumerary  vesicles 
lorm  between  3rd  and 
9th  days. 

7. 

»> 

The  local  pock  fully  de- 
veloped by  the  7th  day.' 

7th-8tli  day  slight  py- 
rexia. 

Inflammatory  areolae,  10- 

Maximum  of  develop- 

10.  [ 

15  pustules  fonn  round 

ment  of  pustules. 

n.J 

ilalaise,  rigors,  pain  in 

points  of  inoculation  ; 

which  gradually  de- 

back,  vomiting,  red- 

headache,  vomiting. 

crease  until  the  16th 

dening  and  enlarge- 
ment of  glands. 

pain  in  back,  slight 
fever. 

or  17th  day. 

12. 

Between  the  11th  and 
13th  days  the  specific 
eruption  of  variola  ap- 
pears, generally  discrete 
and  resembles  varioloid. 

13. 

Erythematous  or  rose- 
olous  eruptions  fol- 
lowed by  specific 

The  extent  of  febrile 
reaction  seems  to  de- 
pend on  the  extent 

15. 


20  'I 

fn  L 


to 


papiilar  eruption  on 
face,  wrists,  flexor 
surfaces  of  arms, 
etc. 


Remission  of  fever. 


Papules  become  vesi- 
cular and  umbili- 
cated. 

Eruption  becoming 


u>  r pustular. 

22.  ) Secondary  fever. 


Tlie  exanthem  is  con- 
tagious. 


The  exanthem 
tagious. 


is  con- 


and  nature  (discrete 
or  confluent)  of  the 
eruption,  as  well  as 
onunossentialcompli- 
cations  such  as  ulcer- 
ation of  pocks,  e.x- 
cessive  local  reaction. 

Besnier  considers  that 
there  is  no  jiyrexia 
unless  there  be  some 
complication,  for  ex- 
ample, glandular  en- 
largement. 

Subsidence  of  eruption 
general!}^  complete 
before  21st  day. 


The  exanthem  is  only  com- 
municable by  direct 
inoculation  of  one  in- 
dividual from  another. 


' Tlie  local  eruption  of  inoculated  variola  is  not  complete  until  the  7th  day,  according 
to  Player  (47) ; the  general  eruption  developing  from  this  date,  but  not  being  complete  until 
the  1.3th  or  14th  ilay. 

The  only  decisive  te.st  whether  an  eruption  following  vaccination  he 
a tnie  “vaccinide”  or  not  is  that  lynijih  taken  from  one  of  the  ve.sicles 
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at  a distance  from  the  original  point  of  inoculation  shall  be  capable  of  re- 
producing the  specific  effects  of  vaccination  in  an  animal,  or  in  another 
child  (19).  That  this  can  be  done  has  been  shewn  by  Richard  and  by 
Martin.  In  the  former  case  15  children  were  successfully  vaccinated  ; and 
in  Martin’s  case  a heifer  was  successfully  vaccinated  from  pocks  which 
developed  in  a child  suffering  from  a general  eruption,  resulting,  as  it 
would  appear,  from  its  being  suckled  by  its  mother  during  the  period  of 
her  vaccination.  An  interesting  demonstration  of  the  true  nature  of  the 
supernumerary  pocks  was  given  in  a case  of  vaccinia  generalised  by 
auto- inoculation,  reported  by  myself  (1),  in  which  the  child  suffering 
from  pocks  on  its  lips  and  face  inoculated  its  mother’s  breast’,  the 
subsequent  vesicle  shewed  no  departure  from  the  ordinary  appearances 
or  evolution  of  a vaccine  pock. 

Causation  of  Generalised  Vaccinia.  — Apart  from  any  peculiarity  of 
the  lymph,  and  without  assuming  abnormal  receptivity  on  the  part  of 
the  individual,  the  eruption  of  vaccination  may  cease  to  be  purely  local 
if  the  virus  be  administered,  not  through  the  skin,  but  Ijy  the  digestive, 
circulatory,  or  respiratory  systems  ; and  also  (apart  from  auto-inoculation, 
which  is  considered  later)  if  during  the  vaccination  period  there  be  some 
co-existent,  general  cutaneous  eruption,  such  as  sudamina. 

A generalised  vaccinal  eruption  has  been  produced  in  children  who 
had  sucked  their  vaccination  pocks ; ^ and  it  has  been  determined  in  those 
who  had  previously  proved  insusceptible  to  vaccination,  by  the  intentional 
administration  of  powdered  vaccine  crusts  with  food  (7).  Similarly,  as  has 
lieen  noted,  a general  vaccinal  exanthem  has  appeared  in  a child  suckled 
by  its  mother  who  was  undergoing  vaccination  (41). 

It  is  of  interest  in  connexion  with  this  latter  case  to  note  that  certain 
children,  whose  mothers  have  been  successfully  revaccinated  previous  to 
their  confinements,  have  been  vaccinated  shortly  after  birth  without 
result ; shewing,  possibly,  that  the  effect  of  the  mother’s  vaccination  was 
shared  by  the  foetus  in  utero.  In  investigating  this  point  a large  number 
of  obser\'ations  have  been  made ; the  most  remarkable  of  which  are  those 
of  Burckhardt  and  Kellock  on  women,  and  those  of  Rickert  on  sheep. 
Burckhardt  Aniccinated  28  pi’egnant  women,  and  subsequent!)^  vaccinated 
6 of  the  children  whose  mothers  had  been  successfully  vaccinated.  The 
operation  was  unsuccessful  in  all  of  them.  Kellock  vaccinated  36  women 
in  various  stages  of  pregnancy,  and  found  (a)  that  the  infants  resisted 
A’accination  directly  as  the  stage  of  pregnancy  at  which  the  mother  was 
A’accinated  ; and  {h)  that  the  foetus  seemed  to  be  more  readily  affected  in 
the  multiparous  than  in  those  of  a first  pregnancy.  His  results  were  as 
follows : — Of  14  childi-en  of  primiparas,  vaccination  was  successfully 
])erformed  on  the  infant  in  every  case  in  which  the  mother  had  been 
vaccinated  earlier  than  the  seventh  month  of  pregnancy  ; whilst  the  opera- 
tion failed  in  5 of  the  infants  whose  mothers  had  been  vaccinated  later 
than  the  seventh  month.  In  the  case  of  the  children  of  the  multiparas, 
no  less  than  1 6 proved  insusceptible  to  vaccination,  even  though  in  some 

’ Jltienne  : quoted  by  Loiiget. 
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of  the  cases  the  mother  had  been  vaccinated  as  earlj^  as  the  fifth  month. 
These  facts  are  corroborated  by  an  observation  made  by  Depanl  (18), 
that  variola  may  be  transmitted  from  the  mother  to  the  fcetus  in  utcro, 
anil  also  by  some  observations  recorded  in  the  'Transactmis  of  flie 
Ejndemiolo^cal  Socielj/  {18S5-8G,  vol.  v.  N.S.  p.  106),  from  vdiich  it  appears 
that  vaccination  failed  in  three  infants  whose  mothers  had  suffered  from 
small-pox  more  than  16  days  previous  to  their  confinements,  but  v'as 
successfully  performed  ou  three  children  whose  mothers  sickened  with 
the  disease  less  than  S days  before  the  onset  of  labour.  Some  further 
clinical  evidence  on  these  points  was  brought  forward  dm-ing  a discussion 
in  the  Urilish  Medical  Journal  “ on  the  effect  of  revaccination  during 
pregnancy  on  the  child.”  Dr.  Ballantyne  (2a)  is  of  opinion  that  one  fcetus 
in  three  is  protected  by  the  vaccination  of  the  mother  during  the  second 
half  of  pregnancy;  but  it  seems  probable  that  the  immunity  so  produced 
is  transient  and  not  comparable  with  that  which  results  from  vaccination 
by  the  usual  method. 

Some  experiments  of  Straus,  Chambon,  and  Menard  have  a bearing 
on  these  points.  They  found  that  the  blood -serum  of  a calf,  taken 
before  the  pocks  were  healed,  produced  temporary  immunity  in  other 
animals  of  the  same  species  when  introduced  into  the  venous  system. 
Chauveau  has  also  demonstrated  that  a generalisation,  manifested  by  an 
eruption  capable  of  reproducing  the  ordinary  results  of  vaccination,  could 
be  excited  by  the  infection  of  horses  through  the  digestive,  circulatory, 
and  respiratory  systems,  as  well  as  by  injection  into  the  subcutaneous 
tissues. 

These  observations,  which  are  in  agreement  with  the  clinical  facts, 
prove  that  the  results  of  vaccination  may  be  obtained  without  the 
production  of  the  local  pock  : and  under  given  conditions  the  diffusion 
of  the  rirus  is  occasionally  demonstrated  by  the  appearance  of  a cutaneous 
eruption  similar  to  that  which  occurs  in  the  acute  exanthems,  even  if  it 
be  not  entirely  analogous  to  them. 

Vaccinia  generalised  by  auto-inoculation. — Allied  to  sponianeous 
generalised  vaccinia  are  those  sequels  of  vaccination  which  are  caused  by 
the  more  or  less  wide  distribution  of  vaccinal  pocks  by  auto-inoculation. 
These  supernumerary  pocks  may  be  caxised  by  scratching  with  the  nails 
after  they  have  been  in  contact  ivith  the  vaccine  pocks ; or  by  accidental 
contamination  of  surfaces  denuded  of  epithelium  by  any  such  cause  as 
eczema,  impetigo,  psoriasis,  or  other  cutaneous  eruptions  which  cause  a 
breach  of  surface ; they  may  be  produced  in  any  part  of  the  body 
accidentally  brought  into  contact  Avith  virus  from  the  vaccine  vesicles. 
Such  cases  are  common,  and  references  may  be  found  to  them  in  the 
pafiers  already  referred  to,  especially  Dauchez,  Longet,  and  Poole  (14, 
.'16,  46) : drawings  of  remarkable  cases  are  given  in  my  paper  in  the 
Clinical  Society’s  Transactions,  189.3,  vol.  xxvi.  p.  114,  ]il.  ii.,  and  in 
Dietter’s  paper.  The  number  of  pocks  varies  from  one  or  two  npwaids  ; 
and  in  the  cases  in  Avhich  the  eruption  has  become  conHuent  the  number 
is  often  very  great.  Most  of  these  cases  are  unimportant,  and  result 
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only  in  a little  teni23orary  inconvenience,  even  if  the  eruption  occur 
on  the  cheek,  lips,  tongue,  ears,  buttocks,  or  breast  (1,  29,  35  40 
51) ; accidents,  all  of  vliich  (21b)  have  been  placed  on  recordd  Such 
accidental  inoculations  have  been  brought  about  by  the  use  of  hand- 


/ 
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Fio.  16. — Vaccinia  generalistid  by  aiitu-inoculation.  From  a drawing  made  by  ifiss  Af,  Green  on  the 
43rd  day  alter  vaccination.  The  pocks  a,  b,  c,  d,  e,  were  about  14  days  old;/,  about  56  hours. 
Lymph,  humani.sed ; 42nd  remove  from  calf.  Eruption  round  points  of  inoculation  confluent  on 
14th  day.  See  Fig.  15.  continued  to  appear  until  the  sixth  week  after  vaccination.  Mother’s 

breast  was  inoculated,  and  the  pock  ran  a normal  course.  For  reference  to  details  of  case, 
see  p.  687. 


kerchiefs,  sponges,  ointments,  baths,  and  beds  which  have  been  used  for 
recently  vaccinated  infants ; and  they  may  occur  in  the  most  unexpected 
waj^s,  as,  for  instance,  in  the  case  of  a man  who,  having  chafed  himself 

* See  also  for  references,  Sub.  “Vaccine  Ojihthalmie,”  Fiirst’s  Die  Pafliologie  der 
Schutzjjocken-Imp/ung,  p.  104. 
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iti  riding,  applied  some  vaseline  to  the  sore  place  out  uf  the  same  pot 
which  his  wife  had  used  for  the  arm  of  their  child  who  had  been  recently 
vaccinated  : the  result  was  a largo  crop  of  vaccine  vesicles  on  the  buttocks. 
If  vesicles  occur  on  the  eyelids  (2d)  or  the  eyeball,  the  consequence  may 
be  serious  ; this  latter  accident,  however,  is  of  great  rarity.  In  five  cases 
recorded  by  Mr.  Berry  the  ulceration  was  confined  to  the  eyelid.  The 
symptoms  vary  with  the  seat  of  the  initial  lesion  and  the  condition  of  the 
patient  as  regards  immunity  asainst  vaccinal  inoculation  (1,  21,  26,  56). 


Fic.  17. — Vaccinia  generalised  by  auto-iiioculation.  Pocks  from  various  jjarts  of  tlie  body,  c ineasimel 
about  \ in.  transversely ; e,  J in. ; and  /,  j in.  Tlie  drawings  were  made  on  the  43nl  day  after 
vaccination : c was  then  about  12  days  old,  and  c and  / about  14  ; <1,  about  4S  hours.  Tltere  was 
little  inflammatory  thickening  round  them ; no  true  induration.  In  the  centre  of  e and  / there 
was  a clean  granulating  surface.  Cf.  Figs.  15,  1 6. 


Thus  infection  of  a mother’s  eye  by  her  child’s  finger  may  result  in  a 
well-developed  vaccine  vesicle,  infection  of  the  child’s  own  eye  after  the 
8th  day  may  result  in  an  abortive  pustule,  or  in  an  ophthalmia  such  as 
may  be  profliiced  by  any  chance  contamination  with  pus,  as,  for  instance, 
in  gonorrhoia.  Although  the  name  of  vaccine  ophthalmia  has  been  given 
to  the  affection  (Saemisch),  there  does  not  seem  to  be  any  adequate  ground 
for  supfxjsing  that  it  stands  in  any  essential  relation  to  vaccinia,  or  is 
other  than  a purely  accidental  complication.  An  inquiry  by  Hulke  into 
the  alleged  occurrence  of  blindness  iimongst  the  pupils  at  the  Boyal 
Normal  College  for  the  Blind,  Ujiper  Norwood — in  ivliich  iibstitiition,  if 
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in  any,  such  cases  would  probably  be  found — resulted  in  the  conclusion 
that,  of  . eight  cases  alleged  to  be  caused  by  vaccination,  seven  were 
conclusively  proved  to  be  due  to  some  other  caiise ; and  in  the  one 
doubtful  case  Hulke  found  no  grounds  for  attributing  the  event  to  the 
cause  alleged.^ 

One  other  form  of  accidental  auto-inoculation  calls  for  special  notice, 
since  mistakes  in  diagnosis  might  occasion  much  unnecessary  distress. 
Cases  have  been  recorded  (16,  54,  55)  in  which  sores  were  produced 
around  the  anus,  and  on  the  mucous  membrane  of  the  vulva,  by  the 
accidental  transference  with  the  fingers  of  pus  from  the  vaccinated  arm. 
It  is  hardly  necessary  to  point  out  that  such  sores,  especially  if  macerated 
by  the  contact  of  the  parts  and  ulcerated,  might  be  looked  upon  as 
venereal  (as  has  actually  been  done)  if  due  care  were  not  exercised.  A 
knowledge  of  the  possibility  of  such  an  occurrence  and  the  history  of  the 
case  ought  to  prevent  this  error,  even  if  (owing  to  the  position  of  the  sore, 
and  the  stage  of  evolution  of  the  original  vaccine  vesicle  from  which  the 
infective  material  was  derived)  the  characteristic  appearances  of  the 
vaccine  pock  should  have  been  lost. 

A definite  case  of  local  confluent  vaccinia,  in  which  the  eruption 
became  generalised  by  auto-inoculation  and  possibly  also  by  absorption 
of  the  virus  through  the  digestive  tract,  has  been  recorded  by  myself. 
In  this  case  it  would  seem  that  the  abnormal  conditions  were  primarily 
due  to  some  peculiarity  on  the  part  of  the  child,  since  the  lymph  used 
was  the  forty-second  remove  from  the  calf  ; and  three  other  children  were 
successfully  vaccinated  from  the  child  without  complication  of  any  kind. 
The  lymph  was  traced  backwards  and  forwards  for  three  generations : 
and  twenty-five  children  in  all  were  examined  in  immediate  relation  to 
this  particular  case.  The  only  abnormality  detected  was  that  in  foiu’  out 
of  eight  children  vaccinated  with  lymph  from  the  same  source,  no  result 
followed  ; whilst  in  one  child,  in  the  fourth  remove,  twelve  supernumerary 
pbeks  appeared.  A brief  chronological  summary  of  the  case  is  given  for 
reference  : — 

* In  comparison  \vitli  the  above  it  may  be  interesting  to  record  Dr.  Bnailey’s  oliservation.s 
on  763  persons,  who  for  some  cause  or  otlier  liad  lost  an  eye  : 15  of  these  had  lost  their  sight 
from  small-po.x,  of  whom  7 (43  per  cent)  were  unvaccinated  and  suffered  from  small-))ox  at  an 
average  age  of  8 ‘9  years,  4 with  no  vaccination  scar  at  an  average  age  of  8'2  years,  2 with  one 
scar  at  an  average  age  of  20  years,  2 with  two  scars  at  an  average  age  of  28'5  years. 
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H.  J.  K.,  let.  three  months  ; Vaccinated  with  humanised  lymph,  42nd 
remove  from  calf.  Generalised  vaccinia ; Death.  (Figs.  15,  IG,  17.) 


Fii"st  week 

9th  November  1S92 

Vaccination  with  luimani.scd  lymph, 
forty-second  remove  from  calf. 

(Of  eight  vaccinations  by  three  vac- 
cinators with  lymph  from  same 
source,  four  were  unsuccessful,  but 
without  complication  or  abnormal 
result. ) 

Second  week . 

16th  November  1892 

Inspection.  Four  healthy  vesicles 
to  all  a])pearances  normal. 

Third  week  . 

23rd  November  1892 

The  four  pocks  coalesced  into  one, 
and  became  covered  with  dark  brownish 
gi'eeu  scab.  Innumerable  secondary 
pocks,  at  first  vesicular,  formed  round 
points  of  inoculation,  cf.  Fig.  13. 

Fourth  week . 

30th  November  1892 

Secondary  erupition  pustular ; a large 
j)ock  appeared  on  back  of  head,  which 
eventually  scabbed  and  dried  up). 
(Pocks  app>eared  on  face;  arms,  legs, 
abdomen,  and  thighs.) 

Fifth  week  . 

7th  December  1892 

The  supernumerary  p)ocks  at  jjoints 
of  insertion  confluent ; eventually  a 
large  open  sore  formed. 

Sixth  week  . 

14th  December  1892 
I7th  December  1892 

No  imj)rovemeut  in  child’s  condition. 
Pulv.  hyd.  c.  creta,  gr.  4 given  three 
times  a day  with  some  improvement. 
Pock  formed  above  inner  angle  of  left 
orbit. 

Seventh  week 

21st  December  1892 
25th  December  1892 

Vesicle  forming  behind  right  ear; 
this  aborted  within  24  hours. 

Child’s  condition  worse.  Mother’s 
breast  became  inoculated  from  suckling 
the  child.  Pock  ran  a normal  course. 
4Iother  had  not  been  revaccinated. 

Eighth  week . 

27th  December  1892 

Death. 

There  is  no  evidence  to  shew  that  such  cases  are  due  to  any  particular 
strain  of  lymph,  whether  humanised  or  taken  direct  from  the  calf  (51, 
31);  they  are  of  great  rarity,  and  must  be  regarded  as  accidental  com- 
plications rather  than  as  essential  elements  of  vaccination. 

Such  a case  as  that  narrated  above  opens  out  the  whole  question  of 
vaccinal  immunity,  which  it  would  be  impossible  to  discuss  at  any  length 
in  this  place.  If  the  observations  of  Cory,  Trousseau,  INIognier,  Dumont- 
Pallier,  Damaschino,  Besnier,  and  others  are  conclusive  and  final,  there 
is  evidence  to  shew  that  in  ordinary  circumstances  the  receptivity  of  an 
individual  to  successive  vaccinations  in  series  gradually  diminishes  during 
the  .second  week,  and  usually  becomes  extinct  before  the  fourth. 

Cory  (9c)  found  that  when  vaccinations  were  performed  in  series 
by  a single  insertion  on  each  of  eleven  successive  days,  those  made 
after  the  ninth  day  were  unsuccessful,  and  he  concluded  that  immunity 
wa.s  attained  at  this  period.  It  is  certain  that  during  the  first  week 
after  vaccination  an  individual  may  be  readily  revaccinated  or  may 
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contract  small-pox ; for  it  does  not  appear  that  any  considerable  degree 
of  immunity  is  established  until  after  the  pocks  have  reached  maturity. 
Immunity  probably  reaches  its  maximum  about  the  fourth  week  after 
vaccination ; but  the  standard  of  resistance  varies  with  each  individual, 
and  probably  also  with  the  dose  and  activity  of  the  virus.  In  the  case 
given  above,  pocks  continued  to  form  for  thirty  days  certainly,  and 
probably  longer;  so  that  no  rule  can  be  made  universally  applicable. 
Vaccinia  generalised  by  auto-inoculation  may,  however,  be  expected  to 
occur,  if  at  all,  before  the  third  week  after  vaccination. 

Great  variations  may  be  met  with  in  susceptibility  to  vaccinia  as 
well  as  to  small-pox  or  any  of  the  acute  exanthems.  It  is  commonlv 
recognised  that  one  attack  of  small-pox  renders  the  individual  more  or 
less  immune  against  contracting  the  disease  again  ; and  similarly  that 
one  successful  vaccination  protects,  at  any  rate  for  a time,  against  the 
probability  of  a second  successful  inoculation.  But  it  would  seem  that 
in  some  persons  one  attack  is  no  safeguard  against  a second.  This  is  well 
illustrated  by  a case  which  came  under  the  notice  of  Prof.  Clifford  Allbutt, 
in  which  a woman  had  small-pox  three  times,  and  was  also  three  times 
successfully  vaccinated.  Such  a case  seems  to  set  at  defiance  all  laws 
deduced  from  ordinary  observation,  and  may  be  regarded  as  the  exception 
which  proves  the  rule.  The  following  table  gives  a brief  outline  of  the 
facts  : — 

1858. — A.  B.  ; bom . Mother  developed  small-pox  when  infant  was 

eight  days  old,  and  child  had  it  in  a mild  form. 

„ When  three  months  old  successfully  vaccinated  (three  scars) 

1881. — Successfully  revaccinated  (two  scars). 

1883. — Mild  attack  of  small-pox. 

1892.  — (September).  Successfully  revaccinated  (two  scars). 

„ (November).  Unsuccessfully  vaccinated. 

1 893.  — Unsuccessfully  vaccinated. 

1896. — -Very  mild  attack  of  small-pox  ; (but  indubitable,  T.  C.  A.) 

There  is  strong  evidence  that  this  persistent  falling  away  from 
immunity  in  this  respect  existed  in  other  members  of  this  patient’s 
family. 

Vaccinia  hsemorrhagica. — Besides  the  cases  in  which  the  secpience 
of  events  and  the  appearance  of  the  eruption  are  analogous  to 
those  found  in  the  acute  exanthems,  there  are  others  in  v'hich 
the  pathological  position  is  at  present  doubtful : in  these  cases 

vaccination  is  followed  by  an  eruption  which  is  more  or  less  “ hfemor- 
rhagic.”  The  eruption  may  vary  in  intensity,  from  the  faintest 
petechiie  to  general  haemorrhage ; and  may  be  characterised  by  a few 
scattered  petechise,  subcutaneous  ecchymoses,  or  severe  hsemorrhage 
from  mucous  membranes,  such  as  haematuria.  Such  c.ises  are  extremely 
rare  ; and,  although  there  is  no  direct  proof  of  it,  they  are  probaldy 
analogous  to  the  well-known  cases  of  ha;morrhagic  small -pox  and 
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sciii-let  fever.^  They  are  too  few  in  number  to  warrant  an}’  opinion  as 
to  their  causiition ; but,  apart  from  any  peculiarity  in  the  lymph,  it 
might  be  expected  that  such  complications  would  occasionally  arise  in 
scorbutic,  rachitic,  and  cachectic  children  ; the  cause  which  determines 
the  nature  of  the  eruption  being  rather  the  condition  of  the  child  than 
any  abnormality  of  the  lymph. 

Vaccinia  gangrenosa.- — A disease  closely  allied  to  generalised 
vacciniii,  if  not  a modification  of  it,  has  been  described  by  Mr.  Hutchinson 
(i’9),  Stokes  (54),  Dr.  Crocker  (11),  and  others,  under  the  name  of  vaccinia 
gangrenosa.  It  is  to  be  regretted  that  this  name  has  been  used  for 
another  afi'ection  of  quite  a dififerent  character ; namely,  local  gangrene  or 
necrosis  at  the  points  of  vaccination  (46a).  Vaccinia  gangrenosa  is  an 
acute  exanthem  occurring  at  the  end  of  the  first  or  the  early  part  of 
the  second  ^veek  after  vaccination.  The  eruption  begins  in  the  form 
of  discrete  papules  with  an  inflamed  base,  which  ulcerate  and  scab  over, 
pus  forming  under  and  round  the  scab,  while  the  ulceration  extends  both 
in  depth  and  laterally.  In  this  way  a central  black  slough  is  formed, 
which  after  its  removal  leaves  an  irregular,  unhealthy  ulcer,  often 
with  overhanging  edges.  The  ulcers  may  be  single  or  confluent.  In 
Dr.  Crocker’s  case,  from  Avhich  the  above  description  is  taken,  the  largest 
ulcers  were  f in.  in  diameter  and  ^ in.  in  depth.^  Mr.  Hutchinson  con- 
siders that  the  diagnosis  of  these  cases  lies  between  variola,  varicella,  and 
vaccinia ; and  Dr.  Crocker  includes  in  his  account  of  the  disease  a fourth 
affection,  “dermatitis  gangrenosa,”  independent  of  any  one  of  those 
named,  and  probably  due,  as  he  believes,  to  some  pathogenetic  organism 
— possibly  the  Bacillus  pijocyaneus.  It  is  not  yet  possible  to  state  the 
precise  I’elationships  of  these  cases,  but  it  seems  certain  that  the  eruption 
can  be  determined  by  vaccination,  and  probable  that  the  disease  is  a true 
exanthem,  possibly  allied  to  small-pox  or  chicken-pox ; but  there  is  no 
eHdence  to  decide  whether  it  be  due  to  a mixed  infection,  or  is  the  direct 
result  of  a specific  virus  acting  upon  an  individual  whose  tissues  are 
altered  by  syphilis,  tuberculosis,  rickets,  or  other  constitutional  malady, 
all  of  which  have  been  considered  as  favouring  its  production. 

Eczema. — Vaccination  is  performed,  in  the  majority  of  cases,  at  a 
period  of  life  when  eczema  and  other  inflammations  of  the  skin  are 
extremely  common ; and  it  is  no  wonder  that  the  operation  is  sometimes 
followed  by  an  acute  outbreak  of  such  disorders.  I have  not  met  vuth 
any  case  in  which  it  seemed  probable  that  the  affection  was  transmitted 
by  the  operation ; and  in  many  cases  which  have  come  under  my 
ol«ervation,  and  which  have  been  recorded  by  others,  the  acute  attack 

' .S«e  .3  cases  recorUed  by  Dr.  CJregory,  Bergeron  and  Bartbeleniy,  Dauclicz,  l.c.  pp.  137- 
130. 

- For  illustrations  see  .Mr.  Ilutcliin.son’s  ]iaper  (29)  and  Dr.  Crockav's  Atlas  of  Dijteases 
of  UtK  Skill,  pi.  xli.  fig.  1. 

* Mr.  Hutcliinson  refers  (loc.  oil.  p.  5)  to  models  206  and  209  in  the  (!uy's  Hospital 
.Mnseurii,  which  he  lielieves  to  be  taken  from  ca.ses  of  varicella  gaiigienosa.  Ho  also  gives 
references  to  other  ca.ses  licsides  his  own.  See  also  Archires  of  Surgen/.  vol.  iii.  1892, 
plate  xviii. 
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following  vaccination  or  injury  to  the  scab  is  merely  a recrudescence  of 
a pre-existing  condition;  or  is  an  expression  of  a family  tendency. 
Out  of  a total  of  394  cases  of  alleged  vaccinal  injury  which  have  more 
or  less  directly  come  under  my  notice  during  eight  years,  thirty,  or 
about  7 '5  per  cent,  were  cases  of  non-specific  skin  eruptions  and  there 
does  not  seem  to  be  any  reason  to  suppose  that  vaccination  is  the  specific 
cause  of  any  lai'ge  munber  of  severe  cases  of  eczema. 

The  statistics  of  600  cases  of  eczema  which  had  been  under  the  csire 
of  Dr.  Colcott  Fox  shew  that  249  (4T5  per  cent)  came  under  treatment 
before  the  end  of  the  first  year ; and  in  forty  of  these  cases  eczema  is 
known  to  have  occurred  before  vaccination.  Of  161  cases  in  which  the 
date  of  onset  is  recorded  the  eruption  commenced  in  eighty  before  the 
end  of  the  third  month,  and  in  sixty-nine  during  the  next  three  months. 
This  seems  to  give  pi’ima  facie  ground  for  supposing  that  vaccination  is 
not  responsible  for  any  considerable  increase  in  the  number  of  cases ; 
which  is  the  conclusion  drawn  by  Dr.  Fox.  At  the  same  time  it  mu.st 
be  noted  that  there  is  a definite  rise  in  the  numbers  in  the  fourth  and 
in  the  ninth  months,  the  periods  at  which  the  irritation  of  vaccination 
and  of  teething  respectively,  might  be  expected  to  come  into  play.  The 
■numbers  are  as  follows  ; — 
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In  some  instances  an  eczema  which  has  been  intensified  by  vaccination 
subserpiently  improves;  but  as  a rule  a pre-existing  eczema  is  made 
distinctly  worse  by  vaccination,  and  not  only  is  it  undesirable  to 
vaccinate  an  eczematous  child  on  account  of  the  risk  of  aggravating  the 
affection,  but  also  because  there  is  danger  of  causing  a generalised 
vaccinal  eruption  on  the  affected  parts. 

Impetigo  or  Porrigo.- — The  occurrence  of  this  contagious  afiection 
of  the  skin  after  vaccination  is  little  to  be  wondered  at  Avhen  the  con- 
ditions under  which  the  children  of  the  poor  have  to  live,  are  taken  into 
consideration.  In  any  circumstances  pus  is  readily  inoculated  from  one 
individual  to  another,  so  that  local  superficial  sores  ai’e  produced ; 
and  when  such  a source  of  contagion  is  introduced  into  a household 
where  the  inmates  are  dirty,  ill-fed,  and  overcrowded,  it  is  obvious  that 
amplo  opportunity  is  afforded  for  the  spread  of  a purulent  affection  both 
from  and  to  a vaccinated  child.  I have  seen  cases  of  impetigo  which 

' See  Case  25,  Api-.  i.\.  ll.C.V,  1896,  p.  241,  an.l  Case  98,  p.  273,  and  Cases  95. 
U02  127  etc. 

For  plate.s,  see  Atlas  of  Diseases  of  the  Skin,  New  Sydenham  Society,  fiusci«ilus  x. 
pi.  .xxviii.,  and  Atlas  of  the  Diseases  of  the  Skin,  by  H.  Radclifle  Crocker,  fasciculus  x.  pi. 
x.xxi.\.  and  xli.  Cf.  also  Ca.ses  24,  82,  129,  196,  Apj).  ix.  R.C.  V. 
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luive  origiiiiited  from  injury  to  the  vesicles  by  dirty  sleeves,  dirty 
shields,  dirty  night-clothes,  by  exposure  to  infection  from  purulent  dis- 
charges in  other  children,  by  scratching  the  vaccination  vounds  and 
inoculating  distant  parts  of  the  body  with  the  finger-nails.  A case 
was  reported  to  the  Commission  as  one  of  vaccinal  injuiy  in  which  the 
child  was  wearing  a hat  the  lining  of  which  was  soaked  with  pus  from 
an  impetigo  which  had  ocoirred  a }’'ear  jireviously.  This  instance  Avell 
exemplifies  the  lack  of  attention  to  ordinary  cleanliness,  Avhich  is  often  a 
main  factor  in  bringing  about  skin  eruptions  attributed  to  vaccination. 

It  is  unnecessary  to  discuss  this  question  at  length  : it  cannot  be 
doubted  that  impetigo  may  folloAv  any  Avound,  vaccinal  or  other,  in 
Avhich  pus  is  formed  j and  that  the  lialnlity  to  the  affection  is  enormously 
increased  by  Avant  of  cleanliness  and  bad  hygienic  surroundings.  It  is 
a more  serious  question  Avhether  these  disorders  are  ever  actually  com- 
municated by  vaccination.  Impetigo  is  no  doubt  due  to  the  presence 
of  pyogenetic  cocci  in  the  discharges,  so  that  it  is  possible  that  some 
lack  of  care  in  the  selection  of  the  A'accinifer  might  lead  to  the  inocula- 
tion of  one  child  from  another.  I have  only  investigated  one  case  in 
Avhich  there  AA*as  any  evidence  that  such  communication  might  have 
occurred ; and  in  this  instance  the  vaccinifer  did  not  begin  to  suffer 
from  impetigo  until  some  days  after  the  lymph  had  been  taken  from 
his  arm,  so  that  there  Avas  no  proof  that  the  child  Avas  capable  of 
communicating  the  disease  at  the  time  that  he  Avas  used  as  a vaccinifer. 
It  is  also  possible  that  both  vaccinifer  and  sub-vaccinee  may  liaA^e  suffered 
from  the  subsequent  eruption  in  consecpience  of  accidental  contamination 
of  the  A'accination  Avounds  by  the  lancet  used  for  the  operation.^ 

In  foreign  countries  groups  of  cases  of  impetigo  have  folloAved 
A'accination  in  such  a manner  as  to  leaA'^e  little  or  no  doubt  that  the 
affection  was  communicated  by  the  operation.-  The  lesson  to  be 
learned  from  these  cases  is  obvious  ; namely,  that  there  is  risk  in  using 
any  individual  suffering  from  a communicable  disease  as  a source  of 
lymph. 

Tinea  tonsurans. — The  accidental  inoculation  of  the  trichophyton 
tonsurans  in  the  process  of  vaccination  has  been  observed  abroad  (Hagar, 
Kichstadt),  but  I am  not  aAvare  that  any  case  has  occiuaed  in  England. 
Like  many  other  communicable  skin  diseases,  it  is  common  in  jAoor  and 
ill -cared -for  children;  and  it  is  not  surprising  that  in  rare  instances 
vaccination  should  be  the  means  by  Avhich  it  is  transmitted  from  one 
child  to  another. 

Pemphigus  ; Psoriasis. — The  occurrence  of  these  affections  after 
vaccination  has  been  recorded  (Dauchez  (H),  Rioblanc,  IloAve,  and 
Tyzzer) ; and  there  is  .some  evidence  that  in  rai'e  instances  the  virus 
which  cau.ses  them  is  transmitted  by  the  operation.  A valuable  con- 
tribution to  the  rliscu-ssion  of  the  subject  Avill  be  found  in  a j)aper  by 

' See  CiLse  180,  Ajip.  ix.  U.C.V.  p.  .jGG. 

See  Kiirst,  Inc.  cit.  p.  72,  ami  Tliird  Keport  K.C.V.  1890,  ji.  IS.G,  and  IVijuT,  Im'.  cit. 
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Dr.  Bowen,  in  which  he  refers  to  a series  of  cases  of  infectious  pemphigus 
following  vaccination,  and  also  to  analogous  cases  (including  those  recorded 
by  Pernet  45c))  in  butchers  and  others  handling  animal  products. 

It  would  appear  from  these  observations  that  in  some  exceptional 
cases  a causal  relation  may  exist  between  epizootic  disease  in  cattle  and 
Imllous  eruptions  occurring  in  individuals  who  have  lieen  vaccinated  with 
lymph  derived  from  an  infected  animal.  There  is,  however,  ample 
evidence  that  in  some  of  the  recorded  cases  the  individual  vaccinated  was 
iwedisposed  to,  and  had  suffered  previously  from,  skin  eruptions  similar 
to  those  which  appeared  subsequently ; and  that  in  others  the  child 
vaccinated  was  in  a cachectic  condition  as  the  result  of  some  affection, 
which  had  lain  dormant  until  roused  into  activity  by  the  constitutional 
disturbance  of  vaccination. 

The  influence  of  the  exanthems  on  the  course  of  vaccination  is  not 
easy  to  determine.  It  is  certain  that  such  chronic  or  subacute  affections 
as  eczema,  impetigo,  and  possibly  psoriasis,  are  not  uncommon  causes 
of  generalised  A’accinia  (r/.r.  p.  679)  ; but  though  there  is  some  evidence 
to  shew  that  an  acute  specific  fever — such  as  chicken-pox — can  determine 
and  precipitate  a general  cutaneous  vaccinal  eruption  it  is  certivin  that  a 
person  suffering  from  scarlet  fever  or  measles  can  be  vaccinated  without 
producing  any  deviation  from  the  normal  appearance  of  the  rash. 

The  difficulty  of  arriving  at  any  precise  knowledge  on  these  points 
is  greatly  increased  because  the  nature,  extent,  and  A^ariety  of  post- 
vaccinal eruptions  haA  e hitherto  receiA'ed  inadequate  recognition  ; so  that 
cases  of  generalised  vaccinia  have  been  regarded  as  small-pox,  and  cases 
of  erythematous,  vesicular,  or  papular  eruptions,  as  scarlet  fever,  chicken- 
pox,  or  measles. 

It  is  prol)ably  rare  for  A'accination  to  be  complicated  by  auA’  one  of 
the  acute  specific  fevers ; and  still  more  rare,  should  this  happen,  for  any 
abnormality  to  oecur.  In  isolated  cases  it  is  often  a matter  of  great 
difficulty  to  decide  Avhether  an  erythematous  rash  is  scarlet  fever,  or 
Avhether  a vesicular  rash  is  chicken-pox.  Cases  have  come  under  my 
notice,  as  Avell  as  under  that  of  others,  in  AA'hich  there  Avere  grounds  for 
supposing  that  errors  of  diagnosis  had  been  made ; as,  for  instance,  cases 
in  Avhich  a simple  vaccinal  eruption  had  been  regarded  as  evidence  of 
invaccinated  syphilis. 

It  Avould  not  be  unreasonable  to  suppose  that  the  cour.se  of  a 
A-'accination  performed  during  the  incubation-period  of  scarlet  fever  or 
measles  might  be  disturbed,  and  that  the  tissues  at  the  point  of 
inoculation  might  undergo  necrosis  similar  to  that  Avhich  occurs  in 
noma  or  cancrum  oris ; Imt  even  if  such  cases  do  occur,  they  arc  so  rare 
that  Ave  are  compelled  to  regard  them  as  accidental  complications  Avhich 
are  inevitable  in  all  conditions  of  life,  and  of  pathological  interest  rather 
than  of  clinical  importance.  Dr.  HopAvood,  for  many  years  resident  at 
the  liondon  Fever  Hospital,  informs  me  that  he  has  himself  vaccinated 
a considerable  number  of  persons  in  all  stages  of  scarlet  fever,  and  has 
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seen  many  in  similar  circumstances  vaccinated  l>y  others,  without  any 
evil  result.  He  has  also  seen  persons  vaccinated  shortly  before  an 
attack  of  scarlet  fever,  in  whom  no  serious  complications  have  resulted. 
In  estimating  the  imporUtnce  of  facts  observed  by  the  resident  medical 
officer  of  a well-equipped  hospitid,  it  must  be  borne  in  mind  that 
vaccination  wounds  are  much  more  likely  to  pursue  a normal  course  in 
the  cleanly  conditions  of  ;i  hospital,  than  in  the  crowded  and  often 
filthy  surroundings  in  which  many  children  are  compelled  to  live  ; and 
that,  given  a case  of  vaccination,  complicated  by  scarlet  fever,  in  some 
miserably  poor  home,  it  will  be  well-nigh  impossible  to  decide  with 
certaintv  which  of  the  many  unfavourable  conditions  had  been  mainly 
instrumental  in  bringing  about  any  abnormal  result  which  may  occur. 

There  is  reason  to  believe,  however,  that  under  favourable  conditions 
normal  vaccinia  can  run  parallel  with  scailet  fever,  chicken-pox,  and 
even  with  small-pox,  if  the  latter  be  contracted  before  immunity  is 
secured. 

The  influence  of  congenital  syphilis  on  vaccination. — The  statement 
has  not  infrequently  been  made  that  it  is  difficult  or  even  impossible  to 
obtain  a normal  vaccine  vesicle  in  a child  who  is  suffering  from  con- 
genital syphilis  (5).  This  certainly  is  not  the  case.  If  the  child  be  not 
cachectic,  vaccination  may  pursue  a normal  course,  and  the  vesicles  may 
be  good,  giffing  no  indication  whatever  of  the  danger  of  collecting  lymph 
from  them  for  further  vaccinations.  This  is  of  the  utmost  importance 
in  the  selection  of  a vaccinifer  if  humanised  lymph  is  used.  If  calf-lymph 
be  used,  as  it  may  now  always  be,  this  risk  can  be  entirely  avoided.  The 
diagnosis  of  congenital  syphilis  must  be  made  from  an  examination  of 
the  child,  and  a knowledge  of  its  family  history;  and  no  reliance  whatever 
should  be  placed  on  the  appearance  of  the  vaccinated  arm.  If  the 
vaccinated  child  be  cachectic  there  is  a danger  that  vaccination  may  be 
followed  by  ulceration  or  sloughing  at  the  point  of  inoculation  ; or  that 
some  one  of  those  complications  may  arise  which  occiu’  in  feeble 
children,  who  have  little  or  no  power  of  resistance  against  local 
inflammation. 

The  influence  of  vaccination  on  latent  disease. — Symptoms  of 
scrofula,^  tuberculosis,^  congenital  syphilis,®  sometimes  occur  after 
vaccination ; and  the  lesions,  without  adequate  ground,  are  apt  to  be 
attributed  directly  to  vaccination.  It  is  in  accordance  vdth  ordinary 
clinical  observation  that  disease,  hitherto  quiescent,  should  be  lighted  into 
activity  by  some  factor  which  is  not  specifically  concerned  in  its  causation. 
Thus  a mechanical  injury,  an  acute  specific  fever,  prolonged  anxiety,  or 
insufficient  food,  may  be  followed  by  pulmonary  or  meningeal  tubercle, 
or  by  some  other  local  manifestation  of  tuberculosis. 

Although  the  vaccination  age  has  been  postponed  from  three  to  six 

’ Ciutes  N'o,  131,  p.  307,  arnl  No.  187,  p.  374,  Appendi.x  i.\.  K.C.V.  1896. 

- Caw!  187,  p.  374. 

' No,  227.  i».  113  ; No.  309,  p.  438  ; :iml  cf.  CasoH  198,  p.  386  ; 202,  j).  389  ; 
and  326,  p.  447,  l*ir.  rM. 
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months,  priimiry  vaccinations  are  not  infi'ccjnently  performed  at  or  about 
the  period  when  symptoms  of  congenital  syphilis  may  be  expected  to 
declare  themselves ; and  cases  have  come  under  my  observation  in  which 
children  known  to  have  been  previously  suffering  from  congeniUil 
syphilis  have  been  vaccinated  with  humanised  lymph,  and  in  whom  the 
subsequent  evidences  of  syphilis  have  been  .put  down  to  vaccination.*  In 
a particular  instance  it  may  not  be  easy  to  prove  that  a lesion  which 
follows  vaccination  is  not  directly  the  result  of  the  operation ; but  in 
most  instances  the  history  of  the  case,  if  fully  inquired  into,  will  give 
conclusive  evidence  as  to  the  real  origin  of  the  malady. 

On  drug-eruptions,  which  may  be  mistaken  for  vaccinal  rashes. — 
'file  possibility  of  a post- vaccinal  rash  being  in  reality  due  to  the 
internal  administration  of  some  dnig  must  not  be  forgotten.  Bella- 
donna, the  bromides,  and  possibly  the  iodides  and  arsenic,  are  not 
infrequently  given  to  children,  even  to  infants,  and  when  it  is  remem- 
bered how  susceptible  some  individuals  are  to  such  drugs  and  what 
a variety  of  eruptions  are  produced  by  them,  it  is  little  to  be  wondered 
at  that,  in  rare  instances,  a drug  eruption  is  mistaken  for  a vaccinal  rash. 
Bromide  of  potassium  is  considered  by  many  mothers  to  be  a safe  and 
innocuous  sedative,  but,  as  is  well  known,  it  may  produce  an  almost 
infinite  variety  of  skin  eruptions,  such  as  papules,  tubercles,  vesicles, 
])ustules,  bull®,  the  lesions  being  often  extensive  owing  to  the  eruption 
becoming  confluent. 

These  and  similar  complications  arc  not  sufficiently  common  to  make 
them  of  importance,  but  the  possibility  of  their  occurrence  makes  it 
necessary  to  bear  them  in  mind  in  making  an  inquiry  into  an  obscure 
case  of  supposed  vaccinal  eruption. '■* 

1 Cases  No.  227,  p.  413  ; No.  309,  p.  438  ; and  cf.  Cases  198,  p.  380  ; 202,  p.  389  ; 
and  326,  p.  447,  loc.  cit. 

- Kor  an  e.xhaustive  account  of  drug-enii>tion.s,  see  P.  A.  Morrow  (42n). 
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Part  III 

Vaccinal  In.iuries.  Alleged  and  Peal. 

Introduction. — The  practice  of  vaccination  has  lieen  opposed  on 
three  grounds : — (i.)  Theoretical.  It  is  said  that  vaccinia  and  variola  are 
totally  distinct  diseases,  and  that  the  inoculation  of  cow-pox  does  not 
therefore  exercise  any  specific  protective  power  against  small-pox  (17.a). 
(ii.)  Statistical.  It  is  stated  that  so-called  cow-pox  is  nothing  else  than 
human  variola  artificially  transmitted ; and  that  statistics  of  small-pox 
epidemics  demonstrate  not  only  that  vaccination  does  not  protect  against 
small-pox,  but  that  it  actually  causes  it.^  (iii.)  Practical.  It  is  alleged 
that  the  injuries  caused  by  vaccination  are  so  numerous,  and  so  terrible, 
that  there  is  no  justification  for  the  continuance  of  a practice  which  may 
be  powerless  for  good  (29a). 

This  is  not  the  place  to  discuss  the  first  two  propositions,  which,  if 
both  were  true,  would  be  mutually  destructive.  The  third  proposition, 
namely  that  which  relates  to  the  extent  and  severity  of  vaccinal  injuries, 
is  one  wliich  deserves  the  most  careful  study.  It  is  alleged  that  syphilis, 

' Vogt,  Adolf  (Bern),  Memorial  concerning  the  Effect  of  Vacci nation , etc.,  cliai).  ii. 
p.  692,  “Identity  of  Variola,  Vaccina,  and  Variola  Vera,”  chap.  viii.  p.  707,  “ A'ariola 
Epidemic.?  produced  by  Vaccine  Inoculation.”  Paper  forwanled  to  the  Royal  Cominis.'sioii 
on  Vaccination.  Appendix  to  .Sixth  Report  R.C.A'^.  p.  689  el  seq. 
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tuberculosis,  ami  other  diseases,  such  as  caucor  ami  lupus,  have  been 
inoculated  at  the  time  of  vaccination  ; ami  that  pyaunia,  erysipelas,  and 
various  other  inflammatory  atlections  result  directly  from  the  operation 
as  it  is  at  present  performed.  Syphilis  and  tuberculosis  have  not  in- 
frecpiently  been  inoculated  in  the  rite  of  circumcision  (20a,  24e),  in 
tattooing  (13ii),  and  in  other  purely  accidental  ways  (13a,  24c).  It 
might  therefore  seem  probable,  on  a priori  grounds,  that  in  the  practice  of 
vaccination  there  was  real  danger  to  be  apprehended  from  the  inoculation 
of  these  diseases  when  the  use  of  humanised  lymph  was  the  rule  instead 
of  as  at  the  present  time  the  exception.  The  purpose  of  the  following 
jKrges  is  to  inquire  how  far  these  allegations  are  borne  out  by  facts  ; and, 
if  admitted  to  be  substantially  correct,  to  endeavour  to  ascertain  in  Avhat 
proportion  of  cases  injury  was  found  to  occur  before  the  introduction  of 
calf-lymph  into  general  use. 

The  influence  of  vaccination  on  general  in  fantile  mortalitg  was  epitomised 
in  the  Final  Eeport  of  the  Royal  Commission  on  Vaccination,  paragraphs 
377  and  37t!,  jj.  105,  in  the  following  passage: — ■ 

“ Without  encumbering  our  report  ^vith  the  details  relating  to 
pyi^mia,  bronchitis,  diarrhcea,  and  skin  diseases,  which  are  all  said  to 
have  increased  owing  to  the  mischievous  influence  of  vaccination,  we 
may  conhdently  say  that  there  is  no  evidence  to  justify  the  statement. 
It  is,  however,  worth  while  pointing  out,  that  compai'ing  as  before  the 
period  1SS3-S7  with  the  period  1863-67,  the  increase  of  deaths  under 
one  year  of  age  from  diarrhoea  and  dysentery  in  Leicester  was  4 '2  per- 
cent, whereas  in  England  and  Wales  it  was  0'5  per  cent.  A similar- 
comparison  in  respect  of  bronchitis  shews  the  increase  in  Leicester  to  be 
112-S  per  cent,  in  England  and  Wales  73'3  per  cent.  It  seems  clear 
that  as  regards  general  infantile  mortality  Leicester  has  not  gained  bj'  its 
avoidance  of  vaccination.  Whilst  in  England  and  Wales  the  mortalitj- 
of  children  under  one  year  of  age  had  between  the  periods  selected  for 
comparison  decreased  7-5  per  cent,  in  Leicester  the  decrease  was  onl}- 
2 -8  per  cent.  L^pon  the  whole,  then,  we  think  that  the  evidence  is 
overwhelming  to  shew  that  in  the  case  of  some  of  the  diseases  referred 
to,  vaccination  cannot  have  produced  any  effect  upon  the  mortalit}’’ 
from  them,  and  that  it  has  not  in  the  case  of  an}^  one  of  them  increased 
the  mortality  to  a substantial,  we  might  even  say  an  appreciable 
extent” 

That  harm  occasionally  results  from  vaccination  in  individual  cases 
cannot  be  doubted ; but  whether  the  number  of  cases  in  which  injury 
is  inflicted  be  large  or  small,  it  is  interesting  to  note  that  the  annual 
infantile  fleath-rate  has  not  inci-eased  since  vaccination  was  made  com- 
pulsory ; it  has,  in  fact,  diminished.  (See  Final  Report  K.C.V.  p.  102, 
[)ara.  385.)  The  actual  numbers  are — 1838-42,  152  per  thousaml 
births;  1847-50,  154;  1851-60,  154;  1861-70,  154;  1871-80,  140; 
1881-00,  142;  1891-1900,  154;  1901-4,  140. 

It  is  obvious  that  these  figures  give  no  certain  data  for  determining 
the  actual  number  of  deaths  which  result  directly  or  indirectly  from 
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vaccination  ; neither  does  the  diminution  in  tlie  animal  death-rate  shew 
that  no  deaths  result  from  the  operation  ; but  they  indicate  that  no 
appreciable  increase  in  the  death-rate,  whether  due  to  vaccination  or  not, 
has  occurred.  There  are  also  other  data  available  for  forming  a 
reasonably  accurate  estimate  of  the  facts. 

Sfatisiics  of  Deaths  and  Injitrics. — The  number  of  deaths  or  of  serious 
injuries  which  result  annually  from  vaccination  may  be  arrived  at  with 
considerable  certainty.  From  the  Eegisti’ar-General’n  returns  it  appears 
that  in  the  years  1881-89  the  number  of  deaths  certified  as  connected 
with  vaccination  was  47G,  or  nearly  ,53  a year.  During  these  nine 
years  6,739,902  primary  vaccinations  were  performed.  This  gives  an 
average  of  1 death  to  14,159  primary  vaccinations.  During  the  three 
years  from  1st  November  1888  to  30th  November  1891,  205  alleged 
cases  of  injury  were  inquired  into  by  the  medical  department  of  the 
Local  Government  Board;  and  from  1st  June  1889  to  1st  July  1896, 
421  .additional  cases  were  investig.ated  by  the  Royal  Commission  on 
Vaccination.  Of  the  cases  inquired  into  by  the  Local  Government 
Board,  Dr.  Coupland  and  I came  to  the  conclusion  that  in  approximately 
20  per  cent  the  influence  of  vaccination  was  doubtful.  Of  the  cases 
investigated  for  the  Commission  by  Sir  T.  Barlow  and  mj’self,  about  1 6 
per  cent  were  probably  altogether  unconnected  with  vaccination ; while 
of  the  cases  inquired  into  by  Dr.  Luff,  nearly  40  per  cent  are  placed  by 
him  in  the  same  category.  As  these  figures  are  and  can  only  be  taken 
as  an  approximation  to  the  aetual  facts,  it  is  probable  th.at  no  serious 
error  will  be  made  in  supposing  that,  of  the  total  626  cases  investigated, 
some  20  per  cent  may  be  set  aside  as  unconnected  with  vaccimition ; 
leaving  495  cases  of  death  or  v.accinal  injury  which  have  been  .adequately 
inquired  into  during  the  eight  years ; this  gives  an  annual  aver.age  of 
61 ‘3,  or  a slightly  larger  number  than  that  which  is  arrived  at  from  the 
Registrar-Gencr.al’s  returns,  which  refer  to  cases  only  in  which  death  has 
occurred.  During  the  four  ye.ars  1900-3  the  average  number  of  deaths 
certified  as  due  to  cow-pox  and  other  effects  of  vaccin.ation  was  consider- 
ably less,  amounting  only  to  22’5  per  annum.^ 

From  these  statements  it  will  be  seen  that,  however  valuable  to  the 
community  at  large,  vaccination  is  not  exempt  from  that  liabilitj’’  to 
accident  which  exists  in  all  human  affairs.  Operations  of  a trivial  kind 
sometimes  pro^’e  fatal ; and  even  that  most  beneficent  means  of  alleviat- 
ing p.ain  which  has  been  univers.ally  adopted — the  administration  of 
anfesthetics — -is  not  unattended  by  risk,  and  occasionally  results  iu  death. 
The  percentage  number  of  deaths  which  occur  annually  in  Lngland 
from  chloroform  is  far  greater  than  that  which  results  from  vaccination. 
It  is,  in  fact,  nearly  seven  times  as  great ; and  though  the  risk  from 
ether  is  much  less,  the  percentage  number  of  deaths  per  annum  traceable 

' During  the  years  1890-99  (inclusive)  the  average  numlier  of  deaths  certified  yearly  its 
“cow-pox  and  other  effects  of  vaccination”  was  44 '7.  During  the  years  1900-3  the 
average  number  was  only  22'I)  yearly.  The  miiuher  of  vaccinations  during  the.se  years  was 
2.719,064,  an  average  of  1 death  to  30.218  primary  vaccinations. 
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directly  or  indirectly  to  iuuvsthetics  is  appreciably  greater  than  that 
which  follows  vaccination,^  while  the  total  number  is  approximately  the 
siuue.  It  cannot  be  argued  that  the  rare  fatalities  attendant  upon 
vaccination  are  sufficient  ground  for  rejecting  the  practice  if  it  can  l)e 
})roved  beneficial  on  the  whole.  If  the  practice  of  vaccination  is  to  be 
rightly  iliscredited,  it  must  be  by  shewing  that  the  injuiy  therely 
inflicted  on  individuals  is  out  of  all  proportion  to  the  good  which  is 
gained  by  the  community  j and  not  by  exaggerating,  distorting,  and 
multiplying  every  isolated  instance  of  injury  which  occurs.  The 
following  pages  were  written  with  the  object  of  stating  fairl}'-  what 
amount  and  kind  of  injury  were  inflicted  by  A'accination  at  a period 
during  which  there  was  a keen  desire  on  the  part  of  those  opposed  to  the 
practice,  to  report  and  have  inquiry  made  into  every  case  in  which  injury 
or  death  was  alleged  to  have  resulted  from  the  operation,  and  with  the 
object  of  ascertaining  how  much  of  it  tvas  inevitable,  how  much  pre- 
ventable, and,  by  pointing  out  the  dangers,  to  shew  incidentally  how 
many  of  the  risks  might  be  avoided. 

In  this,  as  in  other  bi’anches  of  pathologj’,  it  is  incumbent  on  the 
medical  profession  to  impose  on  itself,  as  a condition  of  assenting  to 
an)'  doctrine,  the  obligation  of  setting  forth  conscientiously  all  that 
can  be  said  against  it,  no  less  than  all  that  can  be  said  in  its  favour. 

Erysipelas. — Relative  importance  of  infammutorij  complications. — Among 
the  complications  of  vaccination,  those  are  most  to  be  dreaded  which 
are  common  to  all  wounds.  The  most  grave  are  erysipelas,  cellulitis, 
ulceration,  abscess,  and  septictemia.  None  of  these  are  peculiar  to 
vaccination  ; they  constitute  the  dangers  of  any  local  lesion  of  the  skin 
and,  considering  the  age  of  the  children  vaccinated,  the  conditions  under 
which  thousands  of  them  live,  and  the  treatment  to  which  in  defiance  of 
the  most  elementary  principles  of  cleanliness  the  Avonncls  are  often 
subjected,  it  is  surprising  that,  as  investigation  proves,  so  few  cases  of 
serious  complications  have  occurred. 

The  relative  importance  of  these  inflammatory  complications  may  be 
gathered  from  the  fact  that  of  205  cases  investigated  by  the  Local 
Government  Board,-  and  189  cases  investigated  by  Sir  T.  Barlow  and 
myself  (11)  (all  of  which  have  been  fully  inquired  into,  and  as  far  as 
pos.sible  placed  under  definite  headings),®  133  and  94  respectively  come 
under  the  category  of  “inflammatory.” In  other  words,  of  394  cases  of 
alleged  vaccinal  injury  recorded  during  the  years  1888-1895  with  which 

* I am  indebted  to  Dr.  Cliilds,  secretary  of  the  Aiifesthetics  Committee,  Brit.  Med. 
A.ssociation,  and  to  Mr.  G.  Rowell  of  Guy’s  Hospital,  for  the  Jictiial  figures,  which  are  :ls 
follows  :—Death.s  from  aiiresthetics  recorded  : 1891,  46  ; 1892,  41  ; 189.3,  46  ; 1894,  66  : 
189.0,  61  ; 1896,  8^  months,  48.  The  ileaths  from  chloroform  are  roughly  1 iii  2000.  and 
from  ether  1 in  20.000. 

- An  analysis  prepared  by  Dr.  C'oui>land  anil  Dr.  T.  1).  Acland  of  the  Reports  made 
bv  fn.s[»ectOTs  of  the  I/xal  Government  Board,  Ai)peudix  i.x.  to  Final  Re)iort  R.C.V. 
1S90  (1). 

- Tliese  figures  do  not  give  the  total  number  of  ciuses  investigated  by  the  medical  otlieers 
of  the  Cornmi-sion,  but  refer  only  to  those  reported  on  by  Sir  T.  Barlow  and  myself. 

‘ For  chassitication  adojited,  .see  Appendi.\  ix.  Inf,  fit.  p.  2. 


700 


SYSTEM  OF  MEDICINE 


1 had  directly  or  indirectly  to  deal,  no  less  than  57 '6  per  cent  resulted 
from  one  or  otlier  of  the  specific  forms  of  inflammation.  The  percentage 
is  almost  certainly  higher  than  this ; since  many  of  the  cases  in  which 
the  suspicion  of  invaccinated  syphilis  has  been  raised,  proved  on  investi- 
gation to  be  cases  of  vaccinal  ulceration,  or  some  other  such  lesion ; and 
might  properly,  therefore,  have  been  included  in  the  inflammatory  class. 
Thus,  approximately  60  per  cent  of  all  cases  of  vaccinal  injury  in  thi.s 
country  during  the  period  under  consideration  were  due  to  some  form  of 
inflammation ; erysipelas  being  the  most  important  and  of  the  most 
freciuent  occurrence. 

To  form  some  estimate  of  the  frequency  of  post-vaccinal  erysipelas 
over  a definite  series  of  years,  recourse  may  be  had  to  the  statistical  and 
clinical  facts  which  were  laid  before  the  Vaccination  Commission  (18). 
It  will  l)e  seen  from  the  returns  of  the  Eegistrar-General  for  Scotland, 
that  during  the  years  (1855-1863)  immediately  preceding  the  Act  for 
making  vaccination  compulsory  in  Scotland,  28‘36  per  cent  of  all  deaths 
from  erysipelas  occurred  during  the  first  six  months,  and  5 ’02  ])er  cent 
in  the  second  si.x  months  of  life;  and  that  dui’ing  the  years  (1864-1887) 
which  immediately  followed  the  passing  of  the  Act,  the  numbers  were 
28'88  and  5‘35  per  cent  respectively.  This  shews  conclusively  that  no 
new  cause,  resulting  in  a different  distribution  of  mortality  from 
erysipelas,  came  into  play  in  consequence  of  the  passing  of  the  Vaccination 
Act.  Again,  the  Leicester  statistics  shew  that,  comparing  the  }mars 
1883-1887  (at  which  time  vaccination  had  largely  fallen  into  abeyance) 
with  the  years  1863-67,  the  infant  mortality  from  erysipelas,  which  in 
England  and  Wales  had  decreased  16 '7  per  cent,  in  Leicester  had 
increased  41 '5  per  cent.  The  comparison  here  made  is  between 
Leicester  and  the  whole  of  England  and  Wales,  a comparison  not 
perhaps  strictly  exact;  but  the  figures  are  remarkable,  and  warrant 
the  conclusion  that  the  neglect  of  vaccination  in  Leicester  did  not  at  any 
rate  lessen  the  number  of  deaths  from  erysipelas  amongst  the  infant 
[)opulation. 

Enjsipdas  may  be  defined,  according  to  present  knowledge,  as  an  acute 
specific  inflammation  of  the  skin  caused  by  definite  micro-organisms,  and 
characterised  (i.)  by  a tendency  to  spread,  mostly  bj'^  continuit}^ ; and  (ii.) 
by  a general  intoxication  running  parallel  with  the  local  inflammation. 

It  has  been  suggested,  without  adequate  proof,  that  ery.sipelas  follow- 
ing vaccination  is  “a  stage  in  the  evolution  of  cow-pox” — “a  throwing 
back  to  one  of  the  original  characters  of  that  communicable  infection  ” 
(14);  and  that  it  is  “ the  prime  note  of  vaccination”  (31).  These  hypotheses 
were  anticipated  by  Bohn,  when  some  thirty  years  ago  he  wrote  that 
“the  clear,  pure  lymph  of  a true  Jeunerian  vesicle  possesses  the  power  of 
engendering  er^'sipelas.”  It  does  not  admit  of  doubt  that  these  state- 
ments, made  in  the  first  two  instances  with  the  object  of  bringing  the 
practice  of  vaccination  into  disrepute,  are  not  founded  ^ upon  any  more 

* It  is  not  of  any  practical  importance  whether  Jenner  tliouj;ht  that  the  inflammation 
e.xcited  i>y  the  cow-po.\  was  “ (wysipelatoiis  ” or  not.  There  is  no  necessity  for  limiting  the 


rACCmiA  liV  MAN — A CLINICAL  STUDY 


701 


secure  b<isis  than  that  erysipelas  sometimes  stiirts  from  the  vaccination 
vesicles,  as  it  may  start  from  any  wound. 

It  is  possible  that  the  \’irus  of  erysipelas  has  been  on  very  i-are 
occasions  introduced  with  vaccination  ; but  no  proof  has  been  brought 
forward  to  shew  that  the  vaccine  l}’mph  commonly  contains  this  virus,  or 
that  erysipelas  is  a necessary  or  essential  part  of  vaccination. 

Pfeiffer,  Crookshank,  Landmann  (23),  Kitasato,  Sternberg,  Copeman, 
and  others  have  demonstrated  (a)  organisms  capable  of  producing 
erysipelas  in  the  vaccine  lymph ; but  rtiey  have  also  shewn  that,  so  far 
as  present  knowledge  goes,  none  of  these  organisms  is  the  specific  organism 
of  cow-pox : and  {b)  that  vaccine  lymph  which  has  been  deprived  of  all 
known ' living  pyogenetic  organisms,  still  produces  the  characteristic 
effects  of  vaccination  (26).  It  follows  from  this  that  complications  which 
result  from  the  presence  of  the  Sirepiococcus  pyogenes,  erysipelatis,  or 
other  pithogenetic  organisms,  are,  so  far  as  can  at  present  be  stated, 
accidental,  and  in  no  way  an  integral  part  of  the  process  of  vaccination. 

Landmann  (24)  has  shewn  that  lymph  which  does  not  contain  any 
known  pathogenetic  and  but  few  saprophytic  organisms,  gives  unusually 
good  results  when  used  for  vaccination.  In  forty  persons  vaccinated  with 
such  l\Tnph  the  areola  did  not  in  any  case  exceed  f inch  in  breadth  ; and 
Kitasato’s  ex-periments  led  him  to  the  conclusion  that  the  inflammatory 
symptoms  which  not  infrequently  follow  vaccination  are  mainljq  if  not 
entirely,  due  to  the  presence  of  extraneous  pathogenetic  organisms  in  the 
lymph.  These  researches  prove — 

(i.)  That  the  virus  of  erysipelas  is  entirely  distinct  from  the  virus  of 
vaccinia,  and  has  no  necessary  pathological  connexion  with  it. 

(ii.)  That  it  is  possible  to  prepare  vaccine  lymph  entirely  free  from 
those  pathogenetic  organisms  which  are  known  to  excite  the  specific 
forms  of  inflammation. 

(iiL)  That  vaccine  Ij'mph  freed  from  all  living  pyogenetic  or  sapro- 
phytic organisms  has  not  thereby  lost  its  power  of  producing  characteristic 
vaccine  vesicles. - 

(iv.)  That  lymph  containing  the  streptococcus  of  erysipelas  may, 
ii  the  dose  be  sufficient,  excite  erysipelas  starting  fi'om  the  point  of 
inoculation. 

Hie  IncuhatioTi-period  of  Erysipelas.- — Much  evidence  has  been  adduced 
from  cases  in  which  the  initial  lesion  was  known,  to  shew  that  this  period 
may  be  as  short  as  two  hours,  and  possibly  in  exceptional  cases  as  long 
as  eight  days.  Thus  in  thirty-one  out  of  thirty-six  cases  recorded  by 

patholo^eal  knowledge  of  to-day  liy  statements  made  more  than  100  years  ago  (1709).  .See 
FuAJutr  < )f)Ai;rr(iiions  on  the  VarioUn  Vaccinir,  by  Edw.ard  Jenner.  Reprinted  by  E.  Crook- 
shank.  1830,  p.  187. 

* A.S -stated  in  the  introduetion.  p.  666,  there  is  some  ground  for  believing  that  vaccinia 
is  >:anse<l  t)y  a specific  contagium,  although  it  is  not  capable  of  cultivation  on  ordinary  mediiu 
' Fiirst  conclndeil  that  the  vaccine  virus  is  contained  in  the  living  cellular  elements, 
and  that  no  form  of  liacteriam  has  yet  l>een  cultivated  outside  the  bodj-  capable  of  producing 
ilefiiiite  vaccine  {locks.  {Die.  cit.  (i.  9,  q.r.  for  a snnimary  of  the  various  oiiinions  on  this 
matter.)  Also  cf.  p.  7.’il. 
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Tillmaims  it  was  three  days  or  less ; and  in  a large  majority  of  cases  it 
was  less  than  sixty  hours. 

The  Length  of  the  Incubation-period  of  Post-vaccinal  Erysipelas  seems  to 
cori'espoud  with  Tillmanns’  observations ; since,  in  many  cases  in  which 
there  has  been  evidence  to  shew  that  the  lymph  was  at  fault,  the  erysipelas 
began  at  an  early  period  after  vaccination  ; that  is,  within  the  limits 
of  time  which  experimental  or  accidental  inoculation  has  shewn  to  be  the 
probable  incubation-period  of  the  disease ; and  it  may  be  stated  generally 
that  the  sooner  after  vaccination  erysipelas  occurs,  the  more  likely  it 
is  to  have  been  invaccinated.  In  a great  majo7-ity  of  cases  post-vaccinal 
erysipelas  begins  during  the  second  week  after  the  operation,  at  a time 
when  the  normal  incubation-period  of  erysipelas  has  been  exceeded,  and 
when,  pus  having  formed  at  the  point  of  vaccination,  thei’e  is  a ready 
“ nidus  ” for  the  reception  of  any  of  those  wound  infections  which  so 
frequently  follow  mechanical  injuries  resulting  in  a breach  of  surface. 

Whether  erysipelas  inoculated  at  the  time  of  vaccination  can  remain 
dormant  for  days  or  weeks  is  a question  to  which  at  present  no  definite 
answer  can  be  given.  Some  of  the  coincidences  which  have  come  under 
my  notice  are  remarkable.  For  instance,  eleven  children  Avere  vaccinated 
on  the  same  day  (2) ; in  one  case  only  two  pocks  formed,  and  on  the  eighth 
day  this  child  was  revaccinated  from  one  of  his  co-vaccinees,  in  two  places. 
Both  these  children,  who  lived  many  miles  apart,  and  as  far  as  I could 
ascertain  never  met  again,  and  were  not  attended  by  the  same  doctor, 
sickened  with  erysipelas  Avithin  twenty-four  hours  of  one  another  about 
the  twenty-sixth  day  after  vaccination,  and  died  within  four  days  of  one 
another,  thirty-nine  and  forty  days  after  vaccination  respectivel}^  In 
another  case  the  vaccinator,  apparently  ill  at  the  time,  died  of  eiysipelas 
four  days  after  inspectijig  a child’s  arm  Avhich  Avas  infiamed.  The  child 
died  four  days  later,  also  of  erysipelas. 

In  1891  I undertook  a scries  of  experiments  on  calves  and  rabbits, 
with  the  object  of  determining  (if  possible)  Avhether,  if  the  Aurus  of 
erysipelas  be  inoculated  simultaneously  Avith  vaccine  lymph,  the  disease 
can  remain  in  abeyance  until  the  formation  of  the  pustule  on  the 
eighth  or  ninth  day.  It  is  conceivable  that  with  a Aveak  virus  in  a 
strongly  “ refractory  ” individual  the  appearance  of  erysipelas  might  be 
delayed  until  the  resistance  of  the  tissues  had  been  overcome  by  the 
formation  of  pus  at  the  point  of  inoculation  : and  that  a dose  of  the 
virus,  Avhich  in  ordinary  circumstances  Avould  haA'e  been  inoperative, 
might  then  give  rise  to  symptoms,  after  the  normal  incubation-period 
(about  three  days)  of  erysipelas  had  passed.  These  exjAerinients  did  not, 
however,  solve  the  problem  completely ; the  conditions  Avere  necessai’ily 
so  different  from  those  of  vaccination  that  any  deductions  made  from 
them  Avould  require  rigorous  criticism. 

In  the  numerous  cases  of  post-vaccinal  inflanimation  Avhich  I have 
investigated  I have  found  that,  as  a rule,  Avhen  erysipelas  occuri’ed  more 
than  three  or  four  days  after  vaccination,  it  Avas  impossilde  to  obtain 
adequate  proof  that  it  had  been  invaccinated,  oi'  that  it  AA'as  due  to  the 
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condition  of  the  instnunents  used,  or  to  some  act  on  the  jiart  of  the 
vaccinator  at  the  time  when  the  operation  was  performed. 

Cases  of  J'tuxinal  Erysipelds.  — In  the  following  cases  of  vaccinal 
erysipelas  there  is  sufficient  evidence  to  justify  the  conclusion  that  the 
lymph  or  method  of  vaccination  v'as  the  actual  cause  of  the  disease. 

1.  Two  children  were  vaccinated  with  human  non-glycerinated  lyinjjh 
stored  in  tubes ; both  of  them  died  with  symptoms  of  general  diffuse 
inflammation  of  the  skin  which  spread  over  the  entire  body.  In  the 
first  child  the  inflammation  was  well  marked  by  the  third  day  ; in  the 
second  child  the  first  vaccination  failed  entirely,  but  it  was  revaccinated 
from  the  same  source  : “ soon  ” after  the  second  vaccination  the  arm 
became  red  and  swollen,  and  by  the  fourth  day  the  inflammation  had 
spread  to  the  elbow.  The  tube  from  which  this  revaccination  was  made, 
and  another  of  the  same  batch,  were  examined  by  Dr.  Klein  with  the 
following  results : — (a)  The  former  shewed  the  presence  of  numerous 
colonies  of  the  streptococcus  of  erysipelas  j (b)  the  latter  yielded  cultures 
of  Staphi/lococcus  -pyogenes  albus  liquescens.  These  cases  sujjport  the  belief 
that  lymph,  contaminated  with  si^ecific  organisms  in  sufficient  quantity, 
may  be  expected  to  shew  the  results  of  the  inoculation  of  such  organisms, 
whether  vaccination  be  successful  or  not ; and  may  give  rise  to  local 
symptoms  within  a few  hours  of  inoculation,  before  the  vaccine  vesicle 
has  had  time  to  arrive  at  maturity  ; that  is  to  say,  the  course  of  the 
ervsipelas  in  all  probability  will  not  be  delayed  by  the  vaccination,  but 
^nll  l)e  the  same  as  if  inoculation  with  the  micro-organism  had  taken 
place  apart  from  the  A^accination  (3). 

2.  Five  children  AA'ere  vaccinated  Avith  human  lymph  from  the  same 
source  (d) ; in  four  of  these  erysipelas  subsequently  appeared,  and  one 
died.  The  vaccinifer  sickened  Avith  erysipelas  ten  days  after  Ij^mph 
had  been  taken  from  its  aim.  The  cases  are  noteworthy  for  seA^eral 
reasons : — (a)  It  Avill  be  seen  from  the  following  table  that  the  seA'^erity 
of  the  symptoms  varied  inversely  as  the  length  of  the  incubation-period. 
(b)  All  the  sub-vaccinees  of  the  vaccinifer  (avIio  himself  subsequently 
suffered  from  erysipelas)  did  not  suffer  from  erysipelas  ; one  escaped 
entirely ; the  others  suffered  in  A^arying  degi'ees,  and  the  initial  symptoms 
appeared  at  varying  intervals  after  inoculation. 

These  gradations  in  the  severity  of  symptoms,  and  length  of  in- 
cubation-period, are  in  harmony  Avuth  Avhat  is  known  of  such  factors  as 
dosage,  A-irulence,  and  receptivity,  Avhich  determine  the  effect  produced 
by  any  given  vinas. 
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Cask  No.  115. 

Table  shewing  date  of  appe;irance  of  erysipelas,  etc.,  in  a vaccinifer 
and  fonr  snb-vaccinees. 


No.  in  Register. 

First  ap- 
pearance* 
of  Erysi- 
pelas after 
Vaccina- 
tion. 

Severity. 

Course. 

Re.sult. 

Vaccinifer — 

No.  157,  A.  S. 

17  days 

Slight. 

Subacute. 

Recovery. 

Siib-VaecineeS' 

— No.  166,  M.  H. 

6 hours 

Great  difl'uso 
swelling  ; 
abscesses. 

Acute. 

Death  on  20th 
day. 

Do. 

No.  163,  B.  S. 

16  hours 

Great  ditl'use 
swelling  ; 
pyiemia. 

Subacute. 

Abscesses  on 
scalp,  sca- 
pula, shoul- 
der - joints, 
Avrists,  etc.  ; 
not  fatal. 

Do. 

No.  164,  F.  H. 

5 days 

Loss  severe  ; 
no  suppura- 
tion. 

Subacute. 

Recover}-. 

Do. 

No.  165,  T.W. 

19  days 

Less  severe  ; 
a.villary  .ab- 
scess after  5 
Aveeks. 

Chronic. 

Recovery. 

Do. 

No.  167,  T.  0. 

None 

Vaccination 
normal.  Si.x 
children  suc- 
cessfully vac- 
cinated from 
this  case. 

3.  In  another  series  of  cases  there  was  ground  for  believing  that  some 
infective  material  had  been  introduced  with  the  vaccine  lymph.  Si.vteen 
children  Avere  A^accinated  : in  fonr  of  them  septic  symptoms  appeareil 
within  12  hours;  in  four  Avithin  36  hours;  in  three  within  60  hours; 
in  tAvo  before  the  fourth  day ; in  one  before  the  eighth  day.  Of  one 
there  is  no  record  (5).^ 

The  folloAving  table  is  of  interest  as  sheAving  the  dates  after  A^accina- 
tion  at  Avhich  erysipelas  appeared  in  100  cases  Avhich  have  been  adequately 
investigated.  Of  these,  ninety-six  were  inquired  into  and  reported  upon 
by  the  medical  staff  of  the  Local  Government  Board  ; the  remaining  four, 
added  to  complete  the  hundred,  were  investigated  by  myself  (6).  It 
shews  that  the  gi’eat  majority  of  cases  occiArred  at  a date  after  vaccina- 
tion outside  the  limits  of  Avhat  is  believed  to  be  the  normal  incubation- 
period  of  erysipelas.  Only  nine  cases  occurred  in  the  first  three  days, 
Avliile  no  less  than  ninety-one  appeai’cd  during  the  subsequent  Aveeks. 

’ Tlie  details  of  tlie.se  cases,  wliicli  Avere  inquired  into  by  Sir  T.  Barlow  .and  Dr.  T.  \V. 
Thompson,  will  be  found  in  Appendi.\  ix.  Final  Report  R.C.V.  p.  229  : the  reports  are  of 
such  length  as  to  prohildt  their  introduction  here,  even  in  abstract. 
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No  conclusion  must  bo  ilrawn  from  this  table  as  to  the  relative  fre- 
quency of  erysipelas  after  vaccination  with  glycerinated  calf-lymph  ; since 
it  is  impossible  to  ascertain  the  total  number  of  vaccinations  performed  in 
England  with  lymph  derived  from  each  of  the  several  sources  named 
during  the  period  to  which  reference  is  made,  which  was  before  the  suppl}'- 
of  glycerinated  lymph  was  issued  to  public  vaccinators. 


T.vblk  shewing  date  of  appearance  in  100  cases  of  post-vaccinal  erysipelas 
occurring. between  November  1888  and  February  1892. 


Erysipelas  occurring  in 

Vesicles 
known  to  ^ 

No.  of 
Cases. 

j First  Week. 

Second 

Week. 

Tliii-d 

Week. 

Fourth 

Weelc. 

Fifth 

Week. 

have  been  1 
opened. 

Humaxised  Lymph 

1' 

First  day  3 

23 

10 

1 

2 

15 

1 1.  Arm  to  arm 

48 

1 

Fifth  day'  3 
■Sixth  dav  2 

1 

1 

Seventh  day4 

2.  Tubes 

18  { 

Sixth  day  1 
Seventh  day  1 

8 

7 

0 

1 

3 

3.  Tubes  Jf.Y.E.  . 

1 

1 

4.  Points  N.y.E.  . 

3 

Third  day  1 

2 

2 

5.  Method  of  preserving 

Second  day  1 

3 

i 

... 

1 

not  stated 

) 

Fifth  day  1 

Calf  Lymph 

1.  X.V.E.  direct  from 

calf. 

2 

... 

2 

1 

2.  Other  sources — tubes 

Second  day  1 
Sixth  day'  2 

3 

... 

... 

1 

3.  N'.V.E.  points  . 

4.  Conserve — source  not 

1 

1 

stated 

1 

1 

... 

1 

r>.  Source  and  method  of 

preserving  doubtful 

2 

Sixth  day  1 

1 

Source  of  Origin  not 

STATED 

■“{ 

Second  day  3 
Fourth  day  1 
Seventh  day  4 

4 

Totals  . 

100 

29 

49 

18 

1 

3 

24 

The  history  of  the  nine  cases  in  which  erysipelas  supervened  in  the 
first  three  days  is  important.  In  two  instances  pathogenetic  organisms 
were  found  in  tubes  of  lymph  from  the  same  source  as  that  which  had 
been  used  to  vaccinate  the  children.^  In  five  cases  there  was  strong 
evidence  for  believing  that  the  lymph  (humanised)  was  at  fault;  since 
more  than  one  child  out  of  each  of  the  three  groups  of  vaccinees  (vac- 
cinated on  the  same  day)  to  which  these  children  belonged  suffered  from 
erysipelas ; and  in  each  case  the  vaccinifer  .sufi'ered  from  superficial  in- 
flammation of  the  arm.  In  one  case  a child  was  vaccinated  with  a tube 
of  lymj^h  which  had  been  opened  a week  previously ; another  was 

' Cf,  Cases  of  vaccinal  erysipelas,  p.  703. 
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vaccinated  when  three  weeks  old,  in  an  infirmary,  the  bedding  on  which  the 
mother  and  child  slept  having  l)een  in  a ward  in  which  a case  of  erysipelas 
had  occurred : the  ward  had,  however,  been  “ fumigated  ” with  suli)hur. 
Thus,  in  all  these  cases  of  early  post-vaccinal  erysipelas,  except  possibly  the 
last,  thei'e  were  circumstances  which  make  it  probable  that  the  erysipelas 
was  due  to  some  extraneous  cause  which  came  into  play  at  or  about  the 
time  of  vaccination. 

Such  cases  might  be  multiplied ; but  enough  has  been  said  to  shew 
that  symptoms  may  be  expected  early  in  those  instances  in  which  there 
is  ground  for  believing  that  erysipelas,  or  some  septic  infection,  was 
introduced  at  the  time  of  the  operation : and,  further,  that  the  .symptoms 
may  vary  greatly  in  intensity. 

It  seems  probable,  if  one  only  of  a number  of  children  vaccinated  from 
the  same  source  develop  erysipelas  later  than  the  fourth  or  fifth  day,  that 
the  erysipelas  is  due  to  some  extraneous  cause,  and  is  not  invaccinated. 
On  the  other  hand,  if  a number  of  children  vaccinated  from  a common 
source  develop  erysipelas  before  the  fourth  day,  only  one  or  two  of  the 
whole  batch  escaping,  the  probability  is  very  great  that  the  erysipelas 
is  directly  due  to  the  lymph  or  to  some  factor  introduced  at  the  time 
of  vaccination. 

Erysipelas  starting  from  vaccination  wounds  may  he  communicated  to  other 
persons,  as  is  proved  by  the  records  of  some  of  the  foutidling  institutions ; 
notably  those  of  Vientia  and  St.  Petersl)urg.  In  the  former  no  less  than 
31 '47  per  cent  of  tlie  deaths  was  due  to  erysipelas.^  Nor  is  this  to  be 
wondered  at:  the  children  -were  vaccinated  indiscriminately,  the  weakl)'^ 
with  the  strong,  often  when  they  were  but  seven  or  eight  days  old.  The 
lymph  was  collected  by  the  attendants ; the  vaccine  pocks  were  plastered 
with  zinc  powder,  until  stinking  pus  exuded  from  below  the  scabs  (13), 
and  the  daily  bath  was  forbidden.  Allusion  is  made  to  these  cases  since 
they  have  been  instanced  by  a recent  writer  to  shew  that  “the  erysipelas 
engendered  in  the  process  of  vaccinal  infection,  or,  in  other  words,  by 
eraggeration  of  the  normal  areola  and  infiltration,  may  become  the  source  of 
erysipelatous  contagion  to  others,  just  as  erysipelas  of  other  origins  may 
so  become”  (15).  That  erysipelas  following  vaccination  may  be  co7u- 
municated  to  other  persons  is  beyond  doubt;  but  this  does  not  prove 
that  erysipelas  is  an  integral  part  of  vaccination,  although  it  is  certain 
that  it  frequently  follows  vaccination  when  simple  and  well-known 
principles  of  hj^giene  are  disregarded.  In  the  Foundling  Hospital  at 
St.  Petersbui’g,  after  the  adoption  of  such  ordinary  rules  of  cleanliness 
as  are  essential  to  the  well-being  of  all  infants,  especially  of  the  feeble 
or  the  very  3>’0'.ing,  the  number  of  cases  of  er}'sipelas  was  reduced  by 
two-thirds. 

No  attempt  has  hitherto  been  made  to  shew  that  the  areola  which 
forms  round  healthy  vesicles  can  actually  communicate  erysipelas  to  others ; 

’ In  WUrteinberg,  during  the  same  time,  only  one  case  of  post- vaccinal  ery.sipeln.s  was 
a-scertained  to  have  occurred  amongst  500,000  children  living  under  ordinary  conditions 
(Fiirst,  loc.  cit.  p.  69). 
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or  that  it  contains  niicro-organisins  which  are  capable  of  exciting  tlie 
spcciKc  forms  of  intiamniation  (IG).  Even  if  it  be  cajialilc  of  proof  that 
the  areola  is  caused  by  extraneous  pathogenetic  bacteria,  and  not  solely 
bv  the  irritation  of  the  developing  pustule,  no  evidence  has  yet  been 
adduced  that  these  organisms  play  any  essential  part  in  the  process  of 
vaccination.  On  the  contrary,  the  results  obtained  M’ith  lymph  freed  from 
all  extraneous  bacteria  go  far  to  prove  that  such  organisms  are  not  in 
any  way  necessary  to  the  production  of  the  specific  effects  of  vaccination. 

From  Tillmann’s  expeiiments,  and  from  clinical  observation,  it  would 
ajjpear  certain  that  erysipelas  need  not  necessarily  start  from  the  point 
of  infection  (9).  This  latter  point  is  of  interest  as  bearing  upon  the 
question  whether  the  areola  be  “ erysipelatous.”  It  is  certain  that 
erysipelas  ma}’’  occur  before  the  aieola  is  formed,  as  well  as  after  it  has 
subsided ; that  it  may  involve  the  areola,  and  subside,  leaving  the  areola 
still  round  the  vesicles;  and  that  it  may  occur  in  a distant  part  of  the 
body  while  the  areola  is  still  present. 

Sources  of  Danger  Independent  of  the  Lgmph. — Apart  from  any  intrinsic 
cpialities  in  the  lymph,  and  independent  of  all  sources  of  danger  from 
improper  methods  employed  in  its  collection  and  storage,  there  are 
elements  of  extraneous  and  often  readily  avoidable  risk  in  the  circum- 
stances of  the  infant,  and  in  the  method  in  which  the  operation  is  at 
times  performed.  For  instance,  the  use,  in  one  case,  of  a mechanical 
scarifier  which  it  was  joractically  impossible  to  clean,  and,  in  another,  of 
ivory  points  which  had  frequently  been  recharged,  have  come  under  my 
observation. 

Hypotheses  concerning  the  nature  of  vaccinal  erysipelas  which  do  not 
take  these  and  such  causes  into  account  ai-e  likely  to,  be  fallacious.  The 
truth  is  that  erysipelas  is  common  in  infants,  especially  as  a result  of  open 
wormds ; and  vaccination  may  act  merely  as  the  starting-jroint  for  the 
inflammation. 

Vaeeinal  ulceration  and  glandular  abscess. — Of  the  other  inflam- 
matory complications  which  have  been  found  to  follow  vaccination,  those 
of  the  most  frequent  occurrence  are  irlceratioir  at  the  point  of  inoculation, 
and  glandular  abscess.  Nearly  4 per  cent  of  the  vaccinal  injuries  inquired 
into  by  the  Local  Government  Board  (1888-1891)  were  due  to  one  or 
other  of  these  lesions ; and  in  all  the  cases  some  extraneous  cause  was 
fouml  which  might  have  determined  the  departure  from  the  normal.  An 
enumeration  of  some  of  the  many  local  applications  which  I have  known 
to  be  made  to  the  vaccine  pocks,  and  which  may  well  be  regarded  as  the 
e.xciting  cause  of  idceration  or  suppuration,  will  be  found  on  p.  727. 
Di.saster  on  a large  scale,  in  times  now  long  past,  has  been  courted  ^ ly 
using  as  a source  of  lymph  “The  shii-t  sleeve  of  a ])aticnt  stiff  with  puru- 
lent di.scharge  from  a foul  ulcer,” — “ Matter  found  in  great  plenty  on  the 
sleeve.«  of  children’s  shirts, — “ Lymph  in  one  instance  taken  from  vesicles 

' Creixtitoii.  77/<-  Snl.nrnl  Uiili/rij  of  (Jom-poj-,  jip.  ll.'i-llS,  </.r.  Cor  rel'ereiicc.s  to  tlm 
ori^oiial  4ociirneiits. 
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Oil  the  ninth  day  ; the  vaccinifcr,  three  months  old  and  sufteiing  from 
twelve  pocks,  being  carried  from  village  to  village  and  used  to  vaccinate 
104  children.”  This  list  might  be  extended,  but  such  examples  sufficiently^ 
shew  the  ignorance  of  some  persons  who  have  undertaken  to  perform 
vaccination ; the  results — “ deep-seated  ulcerations  and  violent  inflam- 
mations ” — being  such  as  might  be  expected  from  such  disregard  of  the 
most  elementary  laws  of  hygiene  and  cleanliness. 

I have  seen  several  cases  in  which  ulceration  of  the  pogks,  glandular 
abscesses,  erysipelas,  and  even  septic  intoxications  followed  the  vaccina- 
tion (7)  of  infants  whose  conditions  of  life  were  unfavourable.  Amongst 
these  are  included  illegitimate  children  born  in  destitution,  and,  it  may- 
be, vaccinated  when  a few  days  old,  in  a workhouse  infirmary- : from  the 
comparative  comfort  of  which  they  are  removed  before  the  vaccinated 
arm  is  well,  to  surroundings  which  could  not  fail  to  be  harmful  even  to 
a healthy  child.  It  is  not  to  be  wondered  at  that  such  infants,  ill-clothed 
and  worse  fed,  a burden  to  their  mothers,  and  sometimes  with  their  lives 
insured,  should  succumb  to  an  operation  even  so  trivial  as  vaccination. 
No  mention  would  be  made  of  such  cases  here  were  it  not  that  they-  have 
frequently  been  made  the  subject  of  legal  inquiry,  and  the  child’s  death 
attributed  to  vaccination.  In  the  majority’’  of  cases  in  which  inflammatory- 
complications  follow  vaccination  there  are  numerous  factors  which  tend 
to  bring  about  the  catastrophe  ; and  it  is  illogical  to  draw  any  definite 
conclusions  as  to  the  origin  of  the  lesion  without  giving  full  weight  to 
the  extraneous  influences  which,  apart  from  vaccination,  may-  have  been 
brought  to  bear  upon  the  individual  case.  Under  the  heading  Syphilis, 
p.  727,  will  be  found  tables  giving  the  points  of  difference  between  vaccinal 
ulceration  and  syphilitic  chancre ; but  it  may  briefly  be  said  here  that,  as 
a rule,  vaccinal  ulceration  is  well  marked  at  a time  when  a syqjhilitic  chancre 
would  not  yet  have  developed  ; and  that  vaccinal  eruptions,  if  present, 
differ  widely'  from  those  which  occur  as  secondary  phenomena  in  acquired 
syphilis  (cf.  p.  728).  Their  development  is  irregular,  their  distribution 
asymmetrical,  they  are  often  intensely  irritating,  and  they-  tend  to 
conform  to  the  various  forms  of  erythema  and  urticaria  rather  than  to 
the  papular,  squamous,  and  macular  eruptions  of  secondary  syqihilis. 

Gangrene  at  the  point  of  vaccination. — In  isolated  cases  gangrene 
occurs  at  the  point  of  vaccination,  and  it  sometimes  follows  vaccination 
in  syphilitic  subjects.  One  such  case  is  reported  by  Balzer ; one  by  Ur. 
Wheaton.  I have  myself  investigated  two  cases  (8),  in  one  of  which  the 
syphilitic  parentage  of  the  child  was  certain  and  in  the  other  probable. 
It  is  not  unreasonable  to  suppose,  if  the  individual  vaccinated  be  the 
subject  of  inherited  disease,  and  the  operation  be  performed  when  the 
child  is  very  young,  that  the  result  is  largely  due  to  the  condition  of  the 
tissues,  and  not  necessarily  to  any  abnormal  quality  of  the  lymph.  Three 
cases  have  been  recorded  and  summarised  by-  Mr.  Hutchinson  (20)  in 
which  there  was  no  known  exciting  cause  for  the  local  lesion  except  that 
the  child  had  been  vaccinated  : it  is  probable  that  none  of  these  children 
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was  syphilitic,  ami  it  is  possible  that  the  phenomena  may  have  been  the 
result  of  idiosyncrasy  in  reference  to  the  vaccine  virus.  Mr.  Ihitchinson 
instances,  in  support  of  this  view,  the  occurrence  of  noma  and  cancrum 
oris,  forms  of  spreading  gangrene  which  have  nothing  to  do  with  syphilis, 
but  which  may  occur  as  secjuels  of  the  acute  sjDecific  fevers,  such  as 
measles  or  scarlet  fever. 

Such  cases  have  not  infrequently  been  mistaken  for  syphilis,  and  in 
making  the  diagnosis  it  is  necessary  to  bear  in  mind  the  natural  history 
and  evolution  of  that  disorder.  The  differential  diagnosis  will  be  found 
on  p.  727. 

Tetanus  ^ may  follow  as  an  accidental  infection  of  any  wound  ; as 
a complication  of  vaccination  it  is  of  the  utmost  rarity.  I am  only 
acquainted  with  one  case  in  more  than  five  million  consecutive  vaccina- 
tions in  this  country  (cf.  Case  x.,  App.  ix.  K.C.V.  p.  6),  and  even  in 
this  one  there  is  no  evidence  that  the  tetanus  was  invaccinated.  It  has 
been  known  to  follow  vaccination  in  South  Africa  in  a series  of  adult 
natives,  who  immediately  after  being  vaccinated  worked  under  a tropical 
sun  ; and  three  series  of  cases  in  America  are  referred  to  by  Prof.  Wood- 
head  (Vol.  I.  p.  1042).  Such  cases  require  no  comment ; they  only  shew 
that  ordinary  caution  is  necessary  even  in  so  slight  an  operation  as 
vaccination. 

Other  wound  infections,  such  as  osteomyelitis  (24)  and  icterus  (?) 
(20b),  are  stated  to  have  followed  vaccination,  nor  is  this  surprising 
considering  the  vast  number  of  vaccinated  children  living  in  every 
degree  of  dirt,  destitution,  and  misery.  None  of  these  have  come 
under  my  own  observation ; and  I am  not  aware  that  an}^  cases 
occuired  in  the  United  lUngdom  during  the  ten  years  1886-96.  So  far 
as  the  practice  of  vaccination  is  concerned  they  are  of  no  importance; 
for  they  onlj'  emphasise  the  fact,  which  needs  no  demonstration,  that 
any  wound  may  become  septic  if  the  conditions  be  unfavourable ; and 
that,  given  an  infected  wound,  the  results  will  depend  primarily  on  the 
nature  of  the  contamination,  and,  in  a less  degi’ee,  on  the  pecidiarities 
of  the  individual. 

General  Toxaemia — Nephritis. — ^It  is  stated  (19)  that  a general 
toxajmia  may  follow  vaccination  similar  to  that  which  occurs  in  the 
acute  exanthemata,  resulting  in  acute  nephritis  with  the  usual  evidences 
of  .such  a condition.  These  cases  are  so  rare  (even  if  they  are  not 
merely  a coincidence  of  an  acute  nephritis  with  vaccination)  that  they 
are  of  no  practical  importance. 

Septle  infection  in  relation  to  various  kinds  of  lymph. — There 
are  no  accurate  data  for  determining  whether  erysipelas  and  the  “ septic 
infections  ” are  more  common  after  the  use  of  untreated  calf-lymph,  or 

' .\rchiixs  f)f  l)eriiialnlofjy,  1880,  p.  188,  contain.s  n reference  to  a case  reconled  by 
Roe.s,  Htmlhem  (Hinic,  1879.  vol.  i.  ]>.  408.  Toms,  Medical  News,  1894,  vol.  l.xiv.  p.  209, 
y.v.  for  reference  to  five  other  cases  ; syniiaonis  of  tetanus  did  not  supervene  in  nny  of 
the  rerjorted  cases  within  three  weeks  of  vnci-ination  ; .six  out  of  the  seven  cases  have  jiroveil 
fatal.  See  also  19r'. 
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humaiiiHed  lymph ; or  of  lymph  stored  in  tubes,  on  points,  or  as  a 
conserve ; but  it  seems  certain  that  glycei'inated  calf-lymph  affords 
greatly  increased  security  against  such  inflammatory  complications  as 
are  due  to  the  lymph  itself. 

Diffuse  inflammation  round  the  pocks  in  calves  is  rarely  observed. 
No  case  had  been  recorded  at  the  Lamb’s  Conduit  Establishment  up  to 
1897  ; and  Voigt  in  1888  had  seen  one  case  only  amongst  2.'>00  calves; 
in  conjunction  with  Dr.  Carl  Menge,  I have  found  that  calves  are 
singularly  refractory  to  inoculations  of  the  streptococci  of  erysipelas,  even 
in  association  with  vaccinia.  Our  observations,  which  have  been  corro- 
borated by  Dr.  Klein,  tend  to  shew  that  superficial  wounds,  such  as 
those  caused  by  vaccination,  do  not  so  readily  become  the  starting-point  of 
erysi})elas  or  cellulitis  in  the  calf  as  in  man ; and  that  a virulent  culture 
sufficient  to  cause  abscesses  in  one  species  of  animal  may  not  produce  any 
evident  result  in  another.  These  facts  are  in  agreement  with  the  well- 
known  axiom  that  the  effect  of  any  contagion  depends  not  onl}’’  on  the 
dose  and  the  virulence  of  the  poison,  but  also  on  the  susceptibility  of  the 
individual  inoculated. 

Reliance  must  not,  however,  be  2^1*>'Ced  on  the  comparative  in- 
susceptibility of  the  calf  to  erysipelas  and  sejitic  infections  through 
superficial  wounds,  to  secure  the  immunity  of  vaccinated  children  from 
erysipelas.  Most  of  the  inflammatory  sequels  of  vaccination,  if  not 
all,  are  due  to  causes  Avhich  are  removable,  and  therefore,  under  certain 
conditions,  j^r^ventable ; the  lymph  itself  rarely  contains  organisms 
cajial>le  of  directly  causing  erysi^jelas,  and  it  is  jjrobable  that  all 
pyogenetic  organisms  can  be  removed  from  lymph,  by  treating  it  Avith 
glycerin  (n'efe  p.  761).  Tlie  result  of  my  own  obsen’’ation  leads  me  to 
the  conclusion  that  vaccination,  performed  directly  from  the  calf,  is, 
cceteria  paribus,  followed  by  greater  inflammatory  reaction  than  Avhen 
humanised  lymph  is  used ; but,  as  stated  above,  there  are  no  trustAvorthy 
figures  to  sheAv  the  jjercentages  of  cases  of  erysipelas  or  cellulitis  Avhich 
folloAv  vaccination  by  either  method. 

In  the  earlier  days  of  vaccination,  when  even  sei'ious  surgical 
operations  wei’e  jDerformed  Avith  little  regard  to  cleanliness,  and  Avhen 
the  causes  and  prevention  of  sepsis  Avere  not  understood,  the  collection, 
storage,  and  use  of  lynq)h  for  vaccination  Avmi’e  not  carried  out  AAuth  the 
care  necessary  to  iireAmnt  contamination  Avith  iDyogenetic  or  jAathogenetic 
organisms.  But  since  then  the  researches  of  Sternberg,  Kitasato,  Land- 
mann,  Copeman,  and  other  ^^ioneers,  have  led  to  improved  methods  of 
obtaining  and  preparing  vaccine  lynijAh ; and  j^ersons  having  the  care 
of  A'accinated  children  have  begun  to  learn  how  many  of  the  so-called 
results  of  vaccination  may  be  aA'oided,  so  that  the  one  comjAlication  of 
vaccination  most  to  be  feared,  com^Aaratively  infrequent  as  it  iioav  is, 
will,  it  may  reasonably  be  hoped,  cxce^At  in  the  rarest  instances,  be 
unknoAvn. 

The  results  obtained  by  Voigt  (of  Hamburg),  Avhose  e.xpcrience  has 
extended  over  a period  of  fiAm-and-tAvent}^  years,  during  Avhich  time  he 
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has  jiorformecl  coiisidenibl}'  more  than  a quarter  of  a million  vaccina- 
tions, may  be  taken  as  fairly  representing  what  is  possible.  His 
observations  are  the  more  important  as  ho  has  special  arrangements  for 
tracing  ami  investigating  every  case  of  vaccinal  complication.  Dining 
the  five  years  preceding  1897,  out  of  100,000  vaccinations,  he  saw  one 
case  of  axillary  abscess ; two  of  abscess  (locality  not  stated) ; one  of 
furunculosis ; two  of  erysipelas ; and  five  of  vaccinal  ulceration,  with 
only  one  death.  But  it  must  not  be  forgotten  that  to  secure  such 
results  nothing  may  be  omitted  which  can  help  to  make  the  operation 
aseptic.  There  are  many  possibilities  of  sepsis  from  the  belly  of  the 
calf,  the  opened  tube,  the  recharged  point,  the  mechanical  vaccinator 
which  cannot  be  or  is  not  sterilised,  the  bands  of  the  operator,  and  the 
infant’s  surroundings.  These  dangers  should  not  occur  if  the  Local 
tJovernment  Board  instructions  to  public  vaccinators  are  loyally  carried 
out ; but  no  vaccinator  can  afford  to  run  unnecessary  risks  even  in  so 
simple  an  operation  as  vaccination.  There  is  no  ground  for  believing 
that  the  septic  complications  of  vaccination  are  “ stages  in  the  evolution 
of  cow-pox,”  or  “ throwings  back  to  its  original  characters  ” ; but  there 
is  much  eDdence  to  shew  that  the  methods  employed  for  the  production, 
storage,  and  use  of  lymph  are  of  fundamental  importance  in  the  attempt 
to  reach  that  perfection  of  asepsis  ^ which  is  necessary  in  any  surgical 
opemtion,  however  small,  and  which  is  especially  necessary  in  the  case 
of  very  j’oung  children.  From  what  has  been  said  above  it  is  hardlj’ 
necessary  again  to  emphasise  the  importance  of  giving  to  every  legally 
qualified  practitioner  an  equal  right  to  a supply  of  lymph  prepared  in 
laboratoi’ies  at  the  expense  of  the  State  under  the  best  possible  con- 
ditions, and  that  the  indiscriminate  importation  of  lymph  of  unknown 
origin  from  foreign  sources  should  no  longer  be  permitted. 

’ The  question  of  bacterium-free  vaccine  lymph  was  tliscussed  at  the  68tli  Versamml. 
Gesell.schaft  Deutscher  Naturforscher  uiul  iVertze  zu  Frankfurt  a.  M.  Sept.  1896.  Cf.  also 
Neiclhart.  llygimische  Rundscho.u,  No.  21,  1896,  p.  1073,  and  Vhcmiker  Zeilung,  Oct.  1896, 
p.  788. 
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Part  IV 

V.\CCINATION  AND  SYPHILIS^ 

Introduction. — No  part  of  the  study  of  vaccination  is  more  serious 
or  more  surrounded  with  difficulty  than  the  attempt  to  estimate  at  their 
true  value  the  conflicting  statements  concerning  the  transmission  of 
syphilis  by  this  operation.  It  is,  no  cloulit,  true  that  the  invaccination 
of  syphilis  is  possible  ; but  the  facts  brought  before  the  Koyal  Commission 
(1889-1896)  prove  that,  in  England  at  any  rate,  the  event  is  one  of 
great  rarity,  and  they  do  not  justify  any  real  objection  to  the  practice  of 
vaccination. 

Two  methods,  the  statistical  and  the  clinical,  have  been  adopted  to 
estimate  the  number  of  cases  of  vaccinal  syphilis  which  actually  occur. 
Of  these  the  former  is  the  less  satisfactory,  since  it  is  liable  to  many  sources 
of  error ; and  although  such  figures  as  are  available  go  far  to  prove  that 
infantile  .syjihilis  has  not  been  increased  by  vaccination,  there  is  still 
stronger  evidence  against  its  frequency,  in  the  fact  that,  although  every 

^ Siuee  the  issue  of  tlie  Final  Report  of  the  R.C.V.  in  1896,  the  use  of  glyeerinated  calf- 
lympli  has  become  general  throughout  England  and  Wales  owing  to  the  fact  that  it  is 
supplied  to  all  public  vaccinators,  and  a minority  only  of  vaccinations  are  performed  iiy 
private  practitioners  with  lymph  of  various  other  kinds.  The  danger  of  the  invaecination  of 
■syphilis,  tuberculosis,  or  lejirosy  in  such  circum.stances  is  so  remote  that,  except  for  hi.storical 
reasons,  this  present  section  might  have  been  omitted.  It  is,  however,  desirable  that  the 
facts  as  far  as  they  are  ascertainable  should  be  widely  known  by  all  who  are  interested  in 
vaccination  ; so  that  with  some  few  necessary  corrections  the  article  has  been  allowed  to 
stand  as  it  was  written. 


VACCIXIA  IX  .VAN — A CLINICAL  STUDY 


713 


allegeil  case  of  invacdiiateil  syphilis  brought  bcforo  the  Commission 
whifli  hatl  occurred  between  the  years  liSSO  ami  1890  was  subjected  to 
a searching  inquiry,  not  one  of  them  stood  the  test  of  an  investigation 
into  all  the  circumstances.  During  the  years  specified  approximately 
five  and  a quarter  million  primary  vaccinations  'were  performed  in  the 
United  Kingdom. 

Of  the  cases  vaccinated  in  1889,  and  ]>revious  to  this  date,  which  were 
inquired  into,  one  ^ was  believed  by  Mr.  Hutchinson  and  Sir  T.  Barlow 
not  to  be  a case  of  syphilis  at  all.  In  another  (No.  141,  App.  ix.  B.G.V.) 
the  evidence  was  so  indefinite  that  Sir  T.  Barlow  and  I came  to  the 
conclusion  that  though  there  was  some  ground  for  the  allegation,  it  was 
incapable  of  proof.  This  child  had  been  vaccinated  in  1880,  twelve 
ycai-s  before  the  inquiry  was  made ; bvtt  at  the  time  of  the  investigation 
there  was  no  evidence  of  syphilis,  invaccinated  or  otherwise  acquired. 
Only  three  other  c.ases  were  brought  directly  before  the  Commission  in 
which  there  was  prima  facie  ground  for  suspecting  that  syphilis  had  been 
communicated  b}'  vaccination,^  but  two  of  these  had  occurred  twenty-five 
years  previously.  [Cf.  also  table,  p.  717.] 

If  further  evidence  as  to  the  rarity  of  the  disease  be  needed,  it  may 
be  noted  that  amongst  30,000  patients  at  the  Hospital  for  Sick  Children, 
Great  Ormond  Street,  where  if  such  cases  were  of  common  occurrence 
they  woidd  be  met  with.  Dr.  Robert  Lee  saw  only  one  instance  of  supposed 
vaccinal  syphilis ; while  at  the  East  London  Hospital  for  Children,  Dr. 
Radcliffe  Crocker  had  not  seen  or  heard  of  one  such  case,  although  foi- 
many  years  he  was  making  special  inquiries  as  to  their  occurrence. 

Statistical  method  of  inquiry. — During  the  twenty  years  preceding 
1896  the  number  of  deaths  in  England  and  Wales  “registered”  as  due 
to  syphilis  had  increased  : ^ it  was  suggested  that  this  increase  was  due 
to  syphilis  inoculated  at  the  time  of  vaccination.^  The  limit  of  age 
at  which  vaccination  must  be  performed  in  this  division  of  the  United 
Kingdom,  was  then  three,  instead  of,  as  at  pi'esent,  six  months.  As  a 
matter  of  general  experience  vaccination  was  delayed  as  long  as  possible, 
so  that  any  increase  in  the  number  of  deaths  from  syphilis  due  to  the 
operation  would  probably  have  occurred  in  children  more  than  three 
months  old.  Such,  however,  was  not  the  case,  the  disease  was  most 
largely  fahil  diming  the  first  three  months  of  life ; so  that  ivhatever  was 
the  cau.se  of  this  increase  of  syphilis,  there  is  no  evidence  to  shew  that  it 
was  due  to  vaccination. 

In  Scotland,  where  the  age-limit  is  six  months,  during  the  period 
1855-1863,  which  immediately  preceded  that  of  comjiulsory  vaccination, 
out  of  every'  1000  deaths  at  all  ages  registered  as  from  syphilis,  575 

* See  C'a.se  No.  1 of  tlie  Oomiiiission  series,  ami  Case  90,  L.ll.B.  scries,  Appendix  ix. 
ft.C.V.;  also  Iliitchinson’s  Archives  nf  Sii.rijerii,  vol.  i.  No.  2,  1889,  jjp.  106  ami  112. 

- See  Film!  Kei)ort  K.C.  V.  pp.  110-114.  ami  par.  124,  p.  111. 

■ Final  Kef>ort  K.C'.V.  p.  108. 

‘ Cf,  also  Cinn-iiox  ami,  Vnecimd  Siijihilis,  by  diaries  Crei«litoii,  p.  l l.'i,  bomlon,  1887, 
where  the  iticrea»e  is  attributed,  not  to  syphilis  inoeiilated  with  vaeeiliation,  but  directly  to 
vaccination  itself,  the  results  lieing  erroneously  called  syphilis. 
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occurred  during  the  first  six:  months  of  life,  and  109  between  the  ages  of 
six  and  twelve  montlis.  During  the  period  18G4-1S75  the  number  of 
deaths  registered  as  from  syphilis  during  the  fii-st  six  months  was  612; 
and  in  the  period  1875-1887  it  was  G47.  During  the  same  periods  the 
proportions  of  deaths  registered  as  from  syphilis  between  the  ages  of  six 
and  twelve  months  were  118  and  109  respectively.  Thus  in  Scotland 
the  number  of  deaths  from  this  cause  occurring  during  the  second  six 
months  of  life,  when  the  results  of  vaccination  would  be  most  likely  to 
declare  themselves,  shewed  no  increase  after  vaccination  had  been  made 
compulsory  ; whilst  at  the  same  time  the  deaths  registered  as  from 
syphilis  during  the  months  preceding  the  age-limit  for  vaccination  had 
increased.^ 

In  Ireland  the  number  of  deaths  from  infantile  sj^philis  has  largely 
diminished  during  recent  years.  In  1864-1865  the  average  number  of 
deaths  so  registered  was  124  ; in  1887-1888  it  was  only  40. 

In  Leicester,  where  the  practice  of  vaccination  had  fallen  largely  into 
disuse,  the  deaths  registered  as  from  infantile  syphilis  for  the  years  1883- 
1887  shewed  an  increase  of  69‘3  per  cent  as  compared  M'ith  an  increase 
of  only  24 '7  per  cent  for  the  whole  of  England  and  Wales  for  the  same 
period.  It  need  hardly  be  said  that  this  increase  is  in  no  way  connected 
with  the  disuse  of  the  practice  of  vaccination ; but  it  shews  that  the 
neglect  of  vaccination  in  Leicester  has  not  been  followed  by  any  diminu- 
tion in  the  number  of  deaths  from  infantile  syphilis. 

For  the  sake  of  comparison  attention  may  be  dii'ected  to  the  German 
statistics,  from  which  it  would  appear  that  no  case  of  vaccinal  syphilis 
was  recorded  during  the  3'^ears  1889-1893  amongst  a total  of  twelve  and 
a quarter  million  vaccinations  and  revaccinations  (30,  35),  in  the  great 
majority  of  which  “calf”  lymph  was  used. 

Whatever  percentage  of  error  is  to  be  allowed  in  these  statistics,  the 
above  figures  emphasise  the  fact,  which,  as  will  be  seen,  may  also  fairly 
be  deduced  from  clinical  experience,  that  the  risk  of  inoculation  of 
syphilis  with  vaccination  is  incalculably  .small. 

Clinical  method  of  inquiry. — Turning  now  to  the  clinical  aspect  of 
the  inquiry,  it  is  necessarj'^  to  distinguish  accurately  between  actual  and 
alleged  cases  of  vaccinal  syphilis. 

That  many  of  the  recorded  cases  are  not  syphilitic  there  can  be  little 
doubt.  This  maybe  said  more  especially  of  those  which  occurred  in  the  early 
part  of  the  nineteenth  century;  but  even  at  the  present  time  cases  are  re- 
ported as  vaccinal  syphilis  which,  upon  careful  e.xamination,  do  not  appear 
to  be  of  this  nature  (27).  In  those  cases  which  I have  had  the  opportunity  of 
investigating,  I hesitated  to  believe  that  the  lesions  found  originated  in 
vaccination  alone.  They  generally  sheAved  wide  divergences  from  those 
cases  of  invaccinated  syphilis  of  Avhich  the  nature  Avas  beyond  question, 
and  Avhich  have  been  studied  bj^  trained  observers.  Almost  without 
e.xception  some  extraneous  factor  Avas  present  in  eA-erv  case,  Avhich 

’ PiiKil  Report,  R.C.V.  pp.  101,  102.  The  .‘itatistics  are  given  on  the  authority  of  the 
Superintendent  of  Statistics  in  the  oitiee  ol  tlie  Registrar-General  ior  Scotland. 
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cleterniineil  the  character  of  the  phenomena  that  follotved  the  operation. 
In  some  instances  there  was  evidence  of  culpable  negligence  of  those 
simple  precautions  without  which  no  operation  is  justifiable,  and  without 
which  aity  surgical  procedure  such  as  vaccination  may  well  Ite  followed 
by  disaster  (5,  32). 

I did  not  obtain  sufficient  evidence  iii  the  course  of  my  imptiries 
to  lead  to  the  conclusion  that  certain  rare  cases  to  which  reference  is  here 
made  are  reversions  to  an  original  type  of  vaccinia ; they  appear  rather 
to  be  abnormal  results  occurring  in  the  course  of  a definite  affection,  such 
as  sometimes  complicate  any  of  the  acute  specific  fevers. 

To  illustrate  these  cases  I would  specially  refer  to  («)  Mr.  Hutchin- 
son’s paper  on  three  fatal  cases  of  gangrenous  ulceration  of  the  arm 
after  vaccination  (20);  (i)  case  of  simulated  vaccination  syphilis  (21); 
(f)  the  various  cases  included  under  Section  D in  the  A1)stract  of  Reports 
by  Inspectors  of  the  Local  Government  Board,  made  by  myself  and  Dr. 
Coupland;  (d)  Cases  52,  94,  109,  113,  195,  202,  reported  by  myself;  (e) 
series  139,  investigated  first  by  myself  alone,  and  subsequently  with  Sir 
T.  Barlow;  (/)  finally,  to  the  “Leeds  Case,”  No.  1 of  the  Commission’s 
series,  probably  the  most  important  of  all.^  These  are  given  in  full  in 
Appendix  ix.  to  the  Final  Report  of  the  Royal  Commission  on  Vaccina- 
tion, 1896.  From  these  reports  it  will  be  seen  that  although  in  each 
case  the  invaccination  of  syphilis  has  been  alleged,  and,  as  in  the  Leeds 
case,  the  allegation  has  been  stoutly  defended,  yet  the  conclusion  arrived 
at,  after  carefidly  weighing  all  the  facts  that  can  be  elicited,  is  that  none 
of  them  was  due  to  this  infection.  It  was  found  that  some  were  cases 
of  gangrenous  ulceration,  some  the  result  of  vaccination  in  children 
suffering  from  congenital  syphilis  ; and,  whatever  the  origin  of  the  lesion, 
each  indiHdual  case  presented  facts  which  seemed  to  be  incompatible 
with  the  view  that  the  symptoms  were  those  of  syphilis  inoculated  at  the 
time  of  the  operation.  The  manifestations  of  syphilis  are  protean  ; and 
in  doubtful  cases  no  safe  deduction  can  be  made  from  isolated  symptoms. 
Before  any  conclusion  can  be  drawn  as  to  the  true  nature  of  the  disease, 
it  is  essential  to  take  into  consideration  the  complete  history  of  the  case, 
its  evolution,  the  date  of  appearance,  and  the  kind  of  lesions  produced. 
It  cannot  be  doubted  that  neglect  of  such  precautions  has  led  in  many  in- 
stances to  confasion  and  to  mistaken  diagnosis.  Amongst  the  cases  inquired 
into  by  myself,  I have  found  that  the  formatioTi  of  a sore  at  the  point  of 
inoculation  a week  after  vaccination,  “appearing  rather  to  be  syphilitic  than 
vaccinal,”  the  occurrence  of  periosteal  swellings  which  arose  a week  after 
vaccination  in  a case  unquestionably  septic,  the  occurrence  of  cutaneous 
eruptions  presenting  “a  certain  suspicion  of  syphilis”  during  the  second 
and  third  weeks, — have  each  in  their  turn  been  taken  as  evidence  of  in- 
vaccinated  syphilis,  without  regard  to  the  fact  that  a ])articnlai’  sym])tom 
isolated  from  all  others  is  of  small  weight  in  deciding  the  true  nature  of 
a given  case.  Further,  such  symptoms  become  of  even  less  value  as 
evidence  when  they  have  appeared  “untimely” — that  is.  at  a moment 
' l.'f.  iil.K)  Hutoliiiis')ii,  Arihii'i’H  nf  Sinijn-ii,  ISS!*,  |>.  112. 
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when,  from  what  we  Icnuw  of  the  natural  history  of  the  disease,  the  initial 
sore  of  syphilis  would  not  have  arrived  at  maturity,  and  at  a period 
when  neither  secondary  nor  tertiary  symptoms  could  have  had  time  to 
declare  themselves.  Cases  shewing  the  difficulty  of  eliminating  such 
sources  of  error  will  he  found  in  Mi-,  llutchimson’s  Archives  of  Sunjerii, 
vol.  i.  p.  97,  and  in  the  reports  by  myself  to  the  Eoyal  Commission  on 
Vaccination,  Nos.  109,  113,  207,  416,  and  others.  It  Avould  not  he 
possible  here  to  enter  into  these  cases  in  detail. 

In  his  evidence  before  the  Commission  (Sixth  Report  R.C.V.  1895, 
p.  159,  C^.  21,854),  Mr.  H.  H.  Taylor  put  forward  the  following  table 
of  “ alleged  cases  of  vaccinal  syphilis,”  at  the  same  time  expressing  the 
opinion  that  it  is  impossible  in  many  of  them  to  say  whether  “the  signs 
which  followed  vaccination  were  the  manifestations  of  syphilis  or  cow-pox.” 

This  table  is  too  untrustworthy  to  be  of  any  service  in  estimating  the 
actual  numlier  of'  cases  of  vaccinal  syphilis  which  occurred  during  the 
years  specified ; but  it  is  important  as  shewing  the  extreme  difficult}'  of 
obtaining  accurate  information  on  the  subject. 

The  danger  of  drawing  any  conclusion  from  it  is  well  illustrated  by 
the  fact  that,  although  Mr.  Taylor  handed  it  in  as  a table  of  alleged  cases 
of  vaccinal  syphilis.  Dr.  (now  Sir  W.)  Collins  and  Mr.  Picton  (4)  allude 
to  it  as  a list  of  cases  of  vaccino- syphilis  ; and  both  Mr.  Taylor  and  Dr. 
Creighton  use  these  same  cases  as  e^'ideuce  that  the  so-called  vaccinal 
syphilis  is  nothing  but  cow-pox.  No  further  testimony  is  needed  to  shew 
the  inextricable  confusion  of  the  whole  subject. 


[Tabt.k 


English  Cases  of  “Alleged  Vaccinal  Syphilis,”  taken  from  Mr.  II.  II. 
Taylor’s  Table.  See  Appondi.x  Si.Kth  lioport  K.(,'.V.  181)5,  p.  017. 
Foreign  cases  have  been  omitted. 

A\B. — The  references  given  have  in  some  instances  been  amended. 


Na 

r>ate. 

Place. 

Xuinber 
of  Cases, 

Autliority. 

Ueiimrks,  T.  1).  A. 

1. 

1802 

Loudon 

1 

Letter  IVoin  Mr. 
Smyth  Stuart  in 
Squirrell’s  Observa- 
tions on  Cozo-pox, 
1805,  p.  39. 

No  mention  of  suspicion  of 
syphilis  at  place  of  refer- 
ence. The  words  are,  “I 
wasled  toconsiderthecow- 
])0.\  virus  possessed asj>eci- 
tic  scrofulous  nature.”  ^ 

2. 

1859 

Slanchestei 

14 

IVlutehead,  Third 
Report,  Clinical 
Hospital,  Jlan- 

chester,  1859,  p. 
51. 

Inconclu.sive.  Evidence 

veiy  meagre.  No  details 
given  sutiicient  to  e.x- 
clude  congenital  disease. 
No  facts  given  in  siipjiort 
of  the  suspicion  raised. 

3. 

1871 

Loudon 

21 

Hutchiuson,  Illus- 
trations of  Clinical 
Szvrgei-y,  fascic.  vi. 
pp.  115  aud  122. 

Recorded  by  Mr.  Hutchin- 
son as  cases  of  vaccinal 
syphilis  — as  are  also 
those  marked  f. 

4. 

1871 

London 

1 

T.  Smith,  Clinical 
Societifs  Trans- 
actions, 1871,  vol. 
iv.  p.  53. 

Probablj'  a case  of  invaccin- 
ated  sy])hilis,  but  rejiort 
very  incomplete.  No 

mention  of  vaccinifer  nor 
co-vaccinees. 

5. 

1872 

London 

1 

Hutchinson,  loc.  cit. 

p.  126. 

t 

6. 

1 

1 

1873 

London 

1 

Hulke,  Med.  Times 
and  Gazette,  1873, 
p.  153. 

No  details.  Mr.  Hulke 
said  he  had  seen  a ca.se 
which  he  believed  to  Ije 
vaccinal  syphilis.  No 
facts  given  in  support  of 
the  suspicion  raised. 

t . 

1 

■ 

1 

1 

1876 

London 

1 

Hutchinson,  loc.  cit. 

p.  128. 

•f  Should  be  two  cases. 
Mother  contracted  syph- 
ilis from  suckling  her 
child ; primary  sore  on  nip- 
])le  ; sjTnptoms  followed 
two  months  later  than  in 
children.  Father  con- 
tracted disease  from  wife. 

i‘ 

i 

1883 

London 

40 

Transactions  of  the 
Vaccination  In- 
quirtf.  Edited  by 
M.  D.  Makuna. 
Part  1.  1883. 

Quite  unreliable.  Sixteen 
correspondents  say  they 
have  seen  cases,  but  no 
details  are  given. 

; 9. 

1883 

London 

1 

Druitt.  quoted  by 
H.  Lee  : Holmes’ 
System  of  Surgery, 
ed.  ii.  vol.  iii.  p. 
349. 

Case  did  not  occur  in 
England.  No  details. 
Dr.  Druitt  saw  the  case 
abroad  and  made  a sketch 
of  it. 

: 10. 

1889 

I.ondon 

2 

Archives  of  Surgery, 
vol.  i.  Ti.  97. 

Recorded  by  Mr.  Hutchiu- 
son as  not  being  vaccinal 

11. 

1890 

3 

Do.,  vol.  i. 

]..  19.3. 

.syphilis  ; although  two 

12. 

i 

18S*1 

» t 

1 

Do.,  vol.  ii 

p.  213. 

were  thought  by  some 
who  .saw  them  to  have 
been  syphilitic. 

' Crei«)iton,  loc.  cil.  p.  11.3,  statiri,  that  tlie  word  “ venereal  ” stood  in  the  original,  Imt  w;is 
.snppre.<wed,  and  “scrofnlon.s”  substituted  ; tlie  words  “suspected  venereal  taint”  appear  in 
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Some  further  comment  is  needed  on  two  of  the  above  series,  Nos. 
i and  8. 

No.  2. — Dr.  Whitehead  gives  a tal)le  of  si.xty-thiee  cases  (out  of 
a total  of  2584  patients)  which  he  believes  to  have  been  syphilitic ; and 
out  of  this  number  fourteen  ai'e  attributed  to  vaccination.  In  none  of 
these  cases  is  the  condition  of  the  vaccinifer  or  co-vacciuees  mentioned ; 
there  is  no  evidence  to  shew  that  they  were  examined  : in  three  cases 
only  is  it  definitely  stated  that  the  father  and  mother  were  healthy,  and 
e\'eu  as  to  these,  no  statement  is  made  that  either  father  or  mother  wfus 
examined.  Deductions  drawn  from  such  uncertain  data  must  obviously 
be  liable  to  many  fallacies.^ 

No.  8. — This  series  is  useless  for  accurate  purposes,  no  details  are 
given  in  Mr.  Makuna’s  Incjuiry ; sixteen  observers  say  that  they  have 
seen  cases  of  invaccinated  syphilis  (twenty-one  cases),  but  their  replies 
are  A'^ery  inconclusive,  and  there  is  nothing  to  shew  which  of  those  who 
answered  Mr.  Makuna’s  “ Inquiry  ” had  seen  particular  cases,  or  whether 
more  than  one  of  them  had  seen  the  same  case. 

Clinical  history  of  vaccinal  syphilis. — The  inoculation  of  syphilis 
at  the  time  of  vaccination  may  be  due  to  various  causes  : (i.)  To  direct 
contamination  of  the  lymph  taken  from  a vaccinifer  suftering  at  the  time 
from  syphilis  (9,  28,  35).  (ii.)  To  accidental  contamination  of  the 

instrument  or  wound,  (iii.)  To  infection  from  the  vaccinator.  It  has 
been  suggested  (19)  that  infection  might  be  conveyed  by  a A^accinator, 
suffering  at  the  time  from  syphilis,  bloAving  out  the  lymph  from  the 
capillary  tube,  but  there  is  no  evidence  that  such  an  accident  has  ever 
taken  place. 

In  Avhatever  Avay  syphilis  be  inA^accinated  a certain  definite  sequence 
of  events  may  be  expected.  These  are  as  follows  ; if  the  person  A'accinated 
be  susceptible  to  A'accination  the  pocks  may  not  at  first  shew  any 
departure  from  the  normal  course,  but  in  some  cases  the  pocks  abort, 
and  the  pathological  process  seems  to  bo  at  an  end  until  the  syphilitic 
virus  asserts  itself.  If  the  pocks  be  irritated,  or  the  condition  of  the 
tissues  be  such  as  to  favour  suppuration,  the  vaccinal  sore  may  become 
inflamed,  suppuration  may  occur,  and  the  ulcers  may  for  a time  scab 
over  and  then  break  doAvn  again ; but  in  any  circumstances,  Avhether  the 
vaccination  pursue  a normal  or  an  abnormal  course,  a true  syphilitic 
chancre  Avith  indurated  base  eventually  forms  at  the  point  of  inocula- 
tion.'^ 

Cory’s  experiments  on  himself,  reported  by  Bristowe,  Hutchinson, 
Humphry,  and  Ballard,  throAv  A^aluable  light  on  the  clinical  history  of 
invaccinated  syphilis;  and  the  sequence  of  CA'^ents  in  vaccinal  syphilis 

a ver.sioii  of  tlie  letter  published  by  Dr.  Smyth  Stuart  two  years  after  Squirrell’s  Observu- 
linns  were  published.  Cf.  An  Address  on  Vaccination,  etc.,  by  Ferdinaud  Smyth  Stuart, 
Ksq.,  London,  1807,  pp.  9 and  68. 

' Creighton  (.6)  uses  these  cases  as  an  argument  in  support  of  his  view  that  vaccinal 
syphilis  is  not  of  “venereal”  origin  iit  all,  but  due  “to  the  inherent  although  mostly 
dormant  natural  history  characters  of  cow-po.\  itself.” 

- Fournier,  loc.  cil.  p.  125.  Cf.  also  tal)le  on  page  721  for  further  details. 


VACCJN/A  /N  MAN A CLINICAL  STUDY 


719 


iiiiiy  be  studied  from  this  case,  wliieli  was  carel'ully  observed  and  le- 
corded  (33). 

li.  C.  purposely  vaccinated  himself  011  four  occasions  from  children 
known  to  be  syphilitic.  On  the  first  occasion,  in  1S77  or  1878,  vaccina- 
tion was  successful,  but  the  vesicles  matured  early  and  declined  aftei-  the 
fourth  or  fifth  day.  No  syphilitic  trouble  followed.  Some  two  years 
later  he  vaccinated  himself  again  from  a tainted  source.  Neither  vaccinia 
nor  syphilis  resulted.  About  eighteen  months  later  he  repeated  the 
e.xperimcnt,  agiiin  with  negative  results.  On  the  fourth  occasion  he  was 
vaccinated  in  three  places  (34),  from  a child  who  Avas  selected  as  being 
obviously  the  subject  of  congenital  syphilis.  She  had  suffered  from 
thrush,  snutHes,  and  a cutaneous  eruption.  At  the  time  the  lymph  Avas 
taken  from  her  arm  she  had  sores  on  the  right  buttock  ;uid  the  left 
nostril ; and  there  Avas  still  a cutaneous  eruption,  though  not  in  the 
immediate  neighbourhood  of  the  vesicles,  Avhich  Avere  noinial  and  not 
inflamed : they'  Avere  shallow,  hoAvever,  and  difficult  to  jDrick  Avithout 
drawing  blood.  The  lymph  Avas  collected  on  a cleansed  lancet,  the 
utmost  care  being  taken  to  avoid  any  admixture  of  blood.  The  next 
day  the  three  insertions  Avere  red,  Avith  small  areolas  Avhich  declined 
gradually',  and  the  arm  A\'as  entirely  healed  in  six  days.  On  the  tAventy- 
first  day  a red  papule  formed  at  two  of  the  points  of  inoculation  : these 
.slowly'  enlarged,  and  on  the  thirty-first  day  one  began  to  desquamate. 
The  papides  continued  to  increase  in  size  up  to  the  thirty -fifth  day,  a 
slight  areola  being  occasionally  visible.  On  the  thirty-fifth  day  a little 
y'ellow  spot  appeared  in  the  centre  of  one  of  the  papules,  and  by  the 
next  tlay  a scab  had  formed  over  it.  Tavo  days  later  (the  thirty-eighth 
day)  the  scab  Avhich  covered  this  papule  Avas  remoA'ed,  and  a small  ulcer 
was  found  beneath  it.  On  this  day  the  arm  Avas  seen  by'  the  late  Sir 
Oeorge  Humphry  and  by  Mr.  Hutchinson ; both  observers  considered 
the  lesions  to  be  syphilitic.  The  diseased  parts  were  then  removed  Avith 
antiseptic  precautions,  and  fiA'e  days  later  almost  all  tenderness  had  dis- 
appeared ; but  for  the  first  time  an  enlarged  and  painless  gland  was  felt 
in  the  a.xilla.  Next  day,  the  forty-fifth,  the  loAver  Avound  Avas  indurated, 
and  the  punctures  caused  by  the  needles,  Avith  Avhich  the  edges  of  the 
Avound  had  been  united,  had  sloughed  ; and  increasing  pain  Avas  felt  in 
the  axilla.  For  the  next  four  day's  the  pain  in  the  axilla  Avas  severe, 
and  the  glands  were  enlai-ged  and  tender ; and  on  the  fiftieth  day',  the 
constitutional  symptoms  having  been  gradually  increasing,  there  Avas  a 
distinct  feeling  of  illness.  Tavo  days  later,  blue  pill  (5  gi-ains  daily) 
w;is  taken  Avith  much  benefit ; but  on  the  fifty-fourth  day  rheumatic 
pains  were  felt,  folloAved  Avithin  forty-eight  hours  by  much  soreness  of 
throat ; next  day,  the  fifty-.sixth,  the  cervical  glands  became  painful  ; on 
the  fifty-seventh  day  a ro.seolous  eruption  aj)pcared  on  the  forehead,  the 
temples,  the  back  of  the  neck  beloAV  the  ears,  and  the  loAver  part  of  the 
aVlomen,  Avhich  lasted  four  days ; aftei’  this  date  antisy'philitic  treatment 
was  fully  carried  out.  The  subsequent  history  of  the  case  sheAvs  that  the 
experiment  Avas  only  too  siiccessfid. 
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Tablk  giving  symptoms  and  dates  in  a case  of  Invacciiiated 
Syphilis  (R.  C.) 


stage. 

Date. 

Symptoms. 

Primary  . 

1st  day,  July  1,  1881. 

Inoculation  in  3 places  on  left  forearm. 

8th  ,, 

Arm  healed. 

Secondary 

21st  „ 

Papules  at  points  of  inoeulation. 

35th  ,, 

Earliest  ai)poarance  of  ulceration. 

38th  ,, 

Chancres  of  ordinary  syphilitic  type, 
at  one  point  of  inoculation.  Parts 
inoculated  excised. 

44th  ,, 

Glands  first  noticed  to  be  enlarging. 

45th  ,, 

One  wound  indurated. 

47th  ,, 

Sore  throat. 

54th  ,, 

Pains  ill  limbs. 

57th  ,, 

Roseolous  eruption  lasting  four  days  onl}'. 

88th  ,, 

Acne  ohieliy  on  back. 

Tertiary  . . 

21  weeks. 

Indurated  mass  began  to  form  on  left 
thigh  (gumma).  This  inflamed  and 
broke  down. 

23  „ 

Two  gummas,  and  a little  later  tender- 
ness over  the  tibia  (?  periostitis). 

7 months,  1882. 

Throat  sore,  other  symptoms  better. 

74  „ 

Headache. 

8 „ 

Acne  spots  fading,  wounds  of  gummas 
healing. 

8-13  „ 

Some  occipital  headache,  worse  at  night. 
Pupils  unequal,  right  generallj'  the 

14  „ 

Tingling  in  right  hand.  Vertigo. 
Tingling  right  foot,  intermittent  at 
first,  then  constant. 

Sept.  17,  1882. 
154  months. 

Slight  afihasia. 

Loss  of  jiower  dn  right  side. 

1-2  years. 

Symptoms  gradually  passed  away.  No 
evidence  of  syphilis  24  years  after 
inoculation. 

The  deductions  A\diich  may  be  made  from  such  a case  are  important, 
and  bear  out  what  has  been  frequently  observed ; — 

{a)  That  vaccination  can  l)e  successfully  performed  with  lymph  taken 
from  a source  tainted  with  syphilis  without  necessaril}-  communicating 
the  disease  (10,  37). 

(i)  That  if  syphilis  be  communicated  in  the  process  of  vaccination  it 
does  not  follow  that  all  the  points  of  insertion  will  become  infected  (11). 

(c)  That  the  evolution  of  syphilis,  as  I’egards  the  primary  and 
secondary  stages,  is  not  necessarily  disturbed,  i.e.  that  it  may  be  neither 
accelerated  nor  retarded  by  simultaneous  vaecination  ( 1 2,  8). 

(d)  That  no  care  in  the  selection  of  lymph  obviates  the  risk  of 
vaccinating  from  an  obviously  tainted  source  (13,  7). 

(e)  That  when  syphilis  is  communicated  by  vaccination  the  first 
appearance  of  the  disease  is  at  the  seat  of  puncture  ; and  that  there  is  no 
evidence  of  general  infection  until  a much  later  period. 
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For  tho  sake  of  clearness  a table  of  the  symptoms  of  vaccinal 
syphilis,  as  they  have  been  generally  observed,  is  given  below  for  com- 
jxirison  with  those  present  in  E.  C.’s  case. 


Symptoms  of  Invaccinated  Syphilis. 


1.  Chancre 

2.  Glands  . 


3.  Evolution 
(a)  Incubation  . 


{b)  Chancre 

(c)  Second  incubation 
\d)  Generalisation 


1.  Eruption 


Initial  chancre  at  point  of 
vaccination  invariable. 

Indolent  swelling  of  glands. 
Duration  of  the  above 
in'olonged  without  treat- 
ment. 

Kegulav. 

Ifo  definite  effect  before  the 
end  of  3rd  week,  usually 
end  of  4th  or  even  5th  (24). 

Of  ordinary  syphilitic  form. 

Second  incubation-peiiod. 

Generalisation  takes  place 
between  the  oOtli  and  70th 
days  ; if  disease  be ' un- 
treated 6th  - 10th  week, 
Hutchinson,  ^ 9th  - 10th, 
Fournier  (15). 

At  first  roseolous,  generally 
on  abdomen.  Subsequently 
polymorphic,  symmetrical. 
Infrequent  on  hands  and 
face  (25),  except  in  severe 
cases.  Condylomas  at  junc- 
tions of  mucous  surfaces, 


Symptoms  lii  R.  C.  's  Case. 


Initial  chancre  at  iKiiut  ol' 
inoculation. 

Axillary  glands  at  first  en- 
larged without  pain  ; sub- 
sequent pain  much  relieved 
by  mercury. 

Regular. 

Papule  first  noticed  at  end 
of  3rd  week. 

Chancre  of  ordinary  syphil- 
itic form. 

Second  incubation-period. 

Rheumatic  pains  on  54th 
day,  roseolous  eniption  on 
57th  day. 


At  first  roseolous  on  abdo- 
men, forehead,  temples, 
neck. 


For  further  details  and  for  tertiary  symptoms  see  table  p.  720. 

As  care  is  almost  universally  exercised  in  the  selection  of  lymph  there 
is  little  danger  of  producing  such  aberrant  results  as  are  seen  when  pus 
is  inoculated  at  the  same  time  as  the  syphilitic  virus.  In  such  cases  the 
initial  symptoms  may  be  perplexing,  and  the  true  nature  of  the  lesion 
may  be  only  detected  during  the  subsequent  history  of  the  case. 

Various  important  questions  arise  in  the  consideration  of  cases  of 
vaccinal  syphilis. 

i.  Is  it  necessary  that,  as  in  the  case  of  E.  C.,  the  vaccinifer  should 
be  obviously  syphilitic ; or  can  the  virus  be  communicated  from  a child 
apparently  in  good  health  1 

ii.  What  is  the  actual  vehicle  by  which  the  virus  is  transmitted  1 

iii.  Given  a healthy  vaccinifer,  can  syphilis  be  communicated  in  the 
act  of  vaccination  independently  of  the  lymph  1 

' SyphilU,  by  Jonathan  Hutchinson,  1889,  p.  114,  if  without  treatment  6-10  weeks,  if 
treated  with  mercury  5-7  months  ; cf.  also  Uluslmtions  of  Clinical  Suiycri/  (by  tlie  same 
author).  lymdoii,  1877,  p.  133. 

® For  illustrations  of  invaccinated  syphilis  see  Illustrations  of  Clinical  Suryen/,  by 
Jonathan  Hutchinson,  Jxindou,  1877,  jdates  xxii.  xxiiL  xxiv.,  and  Si/philis,  by  the  same 
author,  plate  iii.  p.  104  ; also  cf.  Fig.  12,  p.  615. 
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iv.  Can  syphilis  be  communicated  in  lymph  taken  directly  from  the 
calf  ? 

(i.)  As  regards  the  first  proposition,  none  of  the  recorded  cases  seem 
to  me  to  prove  beyond  doubt  that  a child  not  in  the  active  stage  of 
syphilitic  infection  can  communicate  the  disease;  though  Fournier  (16) 
and  others  appear  to  think  that  it  is  possible.  Mr.  Hutchinson’s  cases 
(23,  29)  have  been  accepted  as  evidence  on  this  point;  but  it  is  possible 
that  the  infection  may  have  been  conveyed  by  the  lancet  from  another 
child,  and  not  from  the  vaccinifer  at  all.  With  regard  to  this  point  it  is 
important  to  remember  that,  as  has  been  stated  (cf.  p.  693),  vaccination 
may  pursue  a tjqhcally  normal  course  in  a syphilitic  child  provided  that 
it  is  not  cachectic. 

(ii.)  The  question  of  the  actual  vehicle  by  which  the  virus  is  trans- 
mitted has  long  been  under  discussion.  Viennois  (de  Lyon)  was  of 
opinion  that  the  virus  is  contained  in  the  blood.  It  has  been  asserted  by 
Barthelemy,^  and  later  by  Husband,^  that  it  is  practically  impossible  to 
collect  lymph  in  the  ordinary  way  which  does  not  contain  blood-corpuscles ; 
so  that,  if  collected  from  vesicles  on  a syphilitic  individual,  apparent 
clearness  of  the  lymph  is  no  security  (cf.  Deduction,  d,  p.  720). 

(iii.)  The  following  cases  have  been  mentioned  by  Voigt  as  supporting 
the  view  that  syphilitic  infection  may  be  communicated  from  a child’s 
co-vaccinees. 

At  Tauberbischoffsheim  four  children  were  vaccinated  from  an  infant 
whose  mother  was  a woman  of  the  town  : this  child  died  shortly  after 
being  used  as  a vaccinifer.  All  four  sub-vaccinees  subsequently  presented 
symptoms  of  syphilis  ; three  were  probably  of  syphilitic  parentage,  and 
inasmuch  as  the  vaccinifer  at  the  time  the  lymph  was  taken  from  its  arm 
is  said  to  have  shewn  no  sign  of  congenital  disease,  it  is  suggested  that 
the  fourth  was  infected  from  one  of  its  co-vaccinees  (1).  The  evidence  is 
very  inconclusive  ; especially  as  the  physician,  under  whose  care  the  vac- 
cinifer was  when  he  died,  suspected  some  inherited  taint.  The  vaccinifer 
seems  to  have  been  selected  without  regard  to  the  ordinary  precautions 
which  should  invariably  be  taken  in  every  instance.  Such  instances  shew 
the  importance  in  all  cases  of  suspected  vaccinal  syphilis  of  investigating 
the  history  of  the  co-vaccinees,  and  of  the  vaccinifers  in  the  direct  line, 
for  some  generations ; lack  of  information  on  these  points  must  invalidate 
any  deductions  subsequently  made  as  to  the  source  of  infection. 

(iv.)  It  is  pi’obably  inqjossible  for  syphilis  to  be  conveyed  by  lymjjh 
taken  directly  from  the  calf,  even  though  the  calf  had  been  vaccinated 
from  a syphilitic  child ; it  has  been  shewn  by  Koch  that  the  syphilitic 
poison  is  destroyed  by  passing  through  the  animal,  and  there  is  no 
evidence  to  shew  that  cattle  are  susceptible  to  this  di.sease  (18).  The 
foregoing  statement  shews  from  clinical  evidence  that  although  it  is 
possible  to  transmit  syphilis  in  the  act  of  vaccination,  it  is  of  very  rare 
occurrence,  and  is  not  to  be  feared  if  ordinary  precautions  are  taken. 

^ Fournier,  loc.  cit.  j).  112. 

- Final  Report  R.C.V.  1896,  p.  112,  para.  430. 
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The  disease  is  stated  to  have  been  transmitted  from  a syphilitic  vac- 
cinifer  in  some  fifty  series  of  Ciises  during  the  last  century  (26).  Even 
if  this  estimate  be  approximately  correct,  it  shews  that  amongst  the  many 
millions  of  vaccinations,  the  danger  to  an  individual  of  contracting  syphilis 
through  the  operation  is  inappreciable ; and  that  such  indeed  is  the  fact 
is  borne  out  by  a statement  made  by  IMr.  Hutchinson  to  me  some  little 
time  ago  that  he  had  not  seen  a case  of  vaccinal  syphilis  for  ten  years 
— evidence  as  to  its  rarit}'  more  convincing  than  a multitude  of  statistics. 

Differential  diagnosis  of  vaccinal  syphilis. — It  remains  to  call 
attention  (i.)  to  the  main  differences  which  haA'^e  been  found  to  exist 
between  A-accinal  syphilis  and  other  lesions  following  vaccination ; 
(ii.)  to  the  points  Avhich  may  lead  to  the  correct  differentiation  beHveen 
invaccinated  syphilis  and  vaccinia  occurring  in  a syphilitic  child ; and, 
lastly,  (iii.)  to  the  points  of  difference  betAveen  vaccinal  ulceration  and 
vaccinal  chancre. 

(i.)  T/te  differences  between  vaccinal  syphilis  and  other  lesions  which  may 
folloio  vaccination  are  Avell  ilhxstrated  by  the  Leeds  case,^  Avhich  has  been 
alluded  to  more  than  once.  In  this  instance  the  child  Avhen  vaccinated  Avas 
nearly  four  months  old.  She  was  the  third  in  the  family,  Avas  at  the  time 
in  good  health,  and  had  been  previously  so.  The  parents,  the  vaccinifer, 
and  the  co-A'accinees,  so  far  as  could  be  ascertained,  Avere  all  healthy  and 
Avithout  any  signs  of  syphilis.  On  the  sixth  day  some  inflamed  spots 
formed  at  the  seat  of  inoculation ; the  inflammation  spread  rapidly,  and 
tOAvards  the  end  of  a fortnight  two  deep  ulcers  had  formed  Avith  much 
dusky  swelling  round  them.  The  inflammation  and  ulceration  spread, 
and  at  the  end  of  the  month  the  child  seemed  ill.  There  Avas  some  false 
membrane  on  the  Amlum  and  tonsils,  and  aphthm  appeared  in  the  mouth ; 
subsequently  an  ulcer  formed  on  the  upper  eyelid,  and  one  over  the  ear 
on  the  same  side  as  the  vaccination.  Nine  and  a half  weeks  after  the 
operation  all  the  points  of  insertion  had  sloughed  into  one,  producing  a 
large  unhealthy  ulcer ; and  the  two  sores  mentioned  above  Avere  phage- 
denic. Nothing  abnormal  Avas  noted  in  the  mucous  membrane  of  the 
mouth,  and  neither  then  nor  subsequently  Avas  there  any  general  eruption. 
The  child’s  nutrition  was  fairly  good.  The  child  Avas  treated  Avith  mercury, 
under  the  impression  that  it  Avas  syphilitic,  and  the  lesion  seemed  to 
improve.  The  sores  on  the  eyelid  and  ear  almost  healed,  but  that  on  the 
arm  remained  unaltered,  and  “ the  mouth  became  very  sore.”  About  three 
weeks  later  the  child  Avas  much  Avorse,  a large  abscess  formed  on  the 
light  buttock  and  another  over  the  upper  part  of  the  sternum.  The 
skin  over  these  parts  Avas  implicated,  and  appeared  about  to  slough. 
Death  resulted  at  the  end  of  the  fourteenth  Aveek  after  vaccination.  The 
post-mortem  examination  did  not  throAv  any  light  on  the  nature  of  the 
case.  No  lesions  of  the  viscera  or  bones  Avere  discovered.  The  arguments 
against  the  vicAv  that  this  Avas  a case  of  im^accinated  syphilis  are : — 

' Cn.<e  I.,  Appendix  ix.  to  Final  Report  of  Royal  Coniinis.sion  on  A'acoination  ; and 
evidence  of  .Mr.  AVard,  Mr.  Littlewood,  and  Dr.  Barr.s,  Sixth  Rejiort  of  the  R.C.V.,  Questions 
2-3.  574-912  ; and  Report  by  Mr.  Hutchinson,  Archives  cj  Surijery,  vol.  i.  p.  106. 
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(ft)  That  the  vaccine  punctures  began  to  inflame  within  a week ; (b) 
that  they  did  not  develop  into  chancres  ; (c)  that  they  did  not  cause  any 
induration  of  glands  ; (d)  that  there  was  no  genei’al  secondary  eruption  ; 
(e)  that  the  mother  suckled  the  child  and  did  not  contract  any  sore  upon 
the  nipple  ; (/)  that  the  chronology  of  events  was  quite  unlike  that  of 
vaccinal  syphilis  ; ((/)  that  then!  was  no  evidence  of  syphilis  in  the 
vaccinifer  \ (A)  that  none  of  the  co-vaccinees  suffered  in  a similar  way. 

In  view  of  all  these  negative  data,  the  only  satisfactory  way  of  demon- 
strating that  such  a case- was  one  of  invaccinated  syphilis  would  be  to 
shew  that  there  was  a probability  of  contamination  of  the  lymph  or  of 
the  instruments  used  in  the  operation.  No  evidence  of  this  kind  was  to 
be  obtained  ; so  that  the  conclusion  is  justified  that  these,  and  similar  cases, 
are  erratic  forms  of  necrosis  following  vaccinia,  and  are  possibl)’^  due  to 
sepsis,  thus  resembling  cancrum  oris  or  noma  which  sometimes  follow 
acute  febrile  diseases,  such  as  measles  and  varicella,  without  giving  any 
ground  for  suspecting  a syphilitic  infection. 

In  the  following  table  the  events  in  the  case  referred  to  are  given  side 
by  side  with  those  to  be  looked  for  in  a case  of  vaccinal  syphilis,  as 
given  by  Fournier,  loc.  cit.  p.  126  : — 


Incubation  . 


Development 


Vesicles 


Inflammation 
Loss  of  sub- 
stance 


Discharge 


Glands 


Secondary 

eruption 


Tertiary 

symptoms 

History 


Vaccinal  Syphilis 


Chancre  never  formed  before 
15th  day,  generally  after  3 
weeks.  (Usually  end  of  4th 
or  even  5th  week — Hutchin- 
son.) 

By  the  21st  day  ulceration  in 
its  earliest  development,  or 
not  yet  commenced. 

As  a rule  all  the  vesicles  are 
not  affected,  vaccination  often 
aborts. 

As  a rule  slight. 

Loss  of  substance  superficial  as 
a rule.  Cf.  Hutchinson,  Ulus- 
tratums  of  Clinical  Surgery, 
1878,  pp.  121,  131. 

Scanty  as  a rule  or  absent. 
Generally  forming  scabs. 

Enlargement  always  present, 
generally  indolent,  non  - in- 
flammatory induration. 

Roseolous  eruption  frequently 
present  after  formation  of 
chancre,  followed,  at  earliest, 
6 weeks  later,  by  true  syphil- 
ides. 

Gummas  not  generally  jn-esent 
for  many  months  after  prim- 
ary sore. 

A history  of  syphilis  in  parents, 
vaccinifer,  or  co-vaccinees  to 
be  expected. 


E.  M.  C.  Leeds  Case. 


First  sign  of  inflammation  on 
6th  day.  Ulcers  formed  dur- 
ing 2nd  week. 


Ulcers  fully  formed  by  14th 
day. 

All  the  vesicles  affected. 


Great. 

Great.  Vesicles  sloughed  into 
one  large  ulcer. 


Considerable.  Not  drying  into 
scabs. 

No  induration  of  glands. 


None. 


Large  abscesses  formed,  sur- 
mised to  be  softening  gummas, 
12  weeks  after  vaccination. 
No  history  of  syphilis  in  vac- 
cinifer or  co-vaccinees. 
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(ii.)  The  differential  diagnosis  between  vaccinal  syphilis  and  the  results 
of  vaccination  in  a syphilitic  child  in  cases  in  which  vaccination  is  either 
normal  or  abortive  does  not,  as  a rule,  present  any  serious  difficulty.  But 
in  those  cases  in  which  pus  has  been  inoculated  with  the  specific  virus,  or 
the  pocks  have  been  irritated  and  suppuration  consequently  set  up,  there 
may  be  some  departure  from  the  normal  course  of  events. 

I have  recorded  several  important  cases  of  this  kind.  In  one  the 
mother  of  the  child  had  sufiered  severely  from  syphilis,  and  she  had 
already  lost  one  child  from  congenital  disease.  Her  infant  sufiered  after 
vaccination  from  severe  inflammation  round  the  pocks,  which  resulted  in 
gangrene  (see  Case  202,  App.  ix.  to  final  Eeport  E.C.V.).  In  another 
instance  a child  exhibited  a general  eruption  during  the  first  week  after 
vaccination,  and  was  shewn  at  a London  hospital  two  days  later  as  a 
typical  case  of  congenital  syphilis : there  was  evidence  that  both  parents 
had  sufiered  from  venereal  disease  (Case  326,  App.  ix.  E.C.V.).  Lastly, 
attention  may  be  directed  to  Case  309,  wherein,  so  far  as  can  be  ascer- 
tained, the  vaccination  pursued  a normal  course,  and  the  child  died  with 
symptoms  of  inherited  disease ; whilst  the  history  of  the  j^arents  gave 
strong  support  to  the  view  that  this  diagnosis  was  correct. 

The  chronological  order  and  sequence  of  events  in  these  or  similar 
cases  may  be  seen  in  the  following  table  compiled  from  Fournier, 
Hutchinson,  and  others,  and  compared  with  a case  investigated  by 
myself : — 


Symptoms  and 
Sequence  of 
Events. 

Hereditary  Syijhilis. 

n.  C.  Report  Xo.  207,  p.  397. 

j Evolution 

Irregular.  Commencing  as  a 
rule  with  general  symptoms. 

Irregular.  Ulcer  at  seat  of  vac- 
cination formed  by  12th  day. 
No  induration  of  base.  Ulcer 
healed  in  6 weeks  without 
specific  treatment.  Evidence 
of  general  infection  at  the 
end  of  5th  week.' 

Rash  . 

1 

1 

Rash  papular  and  pustular, 
often  chiefly  on  face.  Rose- 
ola on  abdomen  not  the  rule. 
Rash  and  excoriation  round 
nates  and  scrotum  common. 

Rash  papular  and  pustular, 
chiefly  on  face,  chest,  and 
arms.  Not  preceded  by  any 
roseola  on  abdomen. 

j History 

1 

Family  history  of  syphilis  im- 
portant. 

It  is  almost  unknown  for  a 

Grounds  for  suspecting  syphil- 
itic infection  in  botli  father 
and  mother. 

Alother  suckled  child  without 

i 

( 

1 

child  suffering  from  heredi- 
tary  syjihilis  to  inoculate  its 
mother. 

infecting  her  nipple. 

(iii.)  iJifferences  between  Vaccinal  Ulceration  and  Vaccinal  Chancre. — Allu- 
sion hfis  been  frequently  made  to  vaccinal  ulceration ; and  though 

‘ Compare  with  table  of  symptoms  in  vuecinal  syphilis  on  ]>p.  727-729. 
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Fic.  IS.— Vaccinal  ulceration.  From  a photograph  taken  in  the  2nd  week  aaer  vaccination. 


Fig.  10. — Vnceiiml  Syphilis.  Reprorluced  from  a drawing  of  Mr.  Hutchinson’s  case,  Jlhtstrations 
Clinical  .'?wrgen/,  plate  xxiv.  Three  chancres  are  situated  at  the  point  of  vaccination.  The 
vaccinal  i)ocks  went  through  tlieir  normal  stages  and  healed  well  before  the  chancres  developed. 
The  dmwing  was  made  two  months  after  vaccination,  when  induration  was  just  commencing. 
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unquestionably  it  appears  to  occur  at  times  in  children  not  obviously 
cachectic,  my  own  experience  has  been  that  it  is  mostly  the  result- 
of  some  morbid  condition  — as  in  Case  202,  in  which  the  child  was 
unquestionably  of  syphilitic  parentage ; or  of  some  extraneous  source  of 
irritation — iis  in  Case  1-14,  where  the  wounds  were  treated  with  castor 
oil,  with  buttermilk  applied  with  a feather,  with  brewer’s  yeast,  and  with 
bread  poultices.  It  is  in  fact  wonderful  that  severe  ulceration  does  not 
more  frequently  occur.  1 have  been  shewn  a case  with  ulceration,  con- 
sidered suggestive  of  syphilis,  in  which  the  wounds  had  been  treated  with 
cream  applied  mth  a feather  which  was  picked  up  iu  the  back  yard  and 
which  had  been  left  unwashed  in  the  cream  for  some  weeks.  In  another 
case  buttermilk  was  applied  to  a piece  of  rag  and  left  adherent  to  the 
wounds  for  some  three  weeks  without  being  cnanged.  I have  also  seen 
cases  in  which  the  vaccination  wounds  had  been  scrubbed  and  irritated 
by  the  edge  of  the  sleeve  saturated  with  the  pus  and  blood  in  which  it 
had  been  soaked  for  many  days.  These  instances  might  be  multiplied ; 
but  those  given  sufficiently  indicate  the  fallacies  which  beset  the  opinion 
that  cases  of  vaccinal  ulceration  taken  wdthout  knowing  the  circumstances 
are  either  suggestive  of  syphilis,  or  “ are  manifestations  of  cow-j30x,”  or 
necessarily  indicate  any  analogy  between  the  two  disorders. 

The  ordinary  features  of  vaccinal  ulceration  (Fig.  18)  are  shewn  briefly 
in  the  following  table  taken  from  an  actual  case,  and  placed  side  by  side 
with  those  usually  observed  (17)  in  vaccinal  syphilis  (Fig.  19) ; — 


T.-tBLE  comparing  Vaccinal  Ulceration  and  Vaccinal  Syphilis,  with  an 
actual  case  (see  Figs.  18  and  19). 


1 

1 Generally  obsen-ed  SjTnptoms  of  Vaccinal 
Ulceration. 

Case  of  J.  W.  P. 

Vaccinal  Syphilis. 

1.  THE  ULCER 

Incubation  . 12  to  15  days. 

14  to  16  days. 

Generally  upwards  of 
three  weeks,  never  less 
than  15  days. 

Development  . Ulceration  fully 
de  veloped  by  21st 
day. 

Ulceration  well 

marked  by  16tli 
day,  at  its  height 
on  the  25th  day. 

Ulceration  in  its  earliest 
development,  or  not 
yet  commenced,  about 
21st  day. 

■ Vesicles  affected  As  a rule  all  vesi- 
cles affected. 

All  the  vesicles 
(three)  affected 
according  to  Dr. 
H.  V. ; one  ulcer 
fonned  according 
to  Mrs.  P.  the 
mother. 

As  a rule  all  vesicles  not 
affected.  Vaccination 
vesicles  often  abort. 

Inflammation  . Generally  promi- 
nent. 

Considerable. 

As  a rule  slight. 
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Table  comparing  Vaccinal  Ulceration  and  Vaccinal  Syphilis— 


Generally  observed  Symptoms  of  Vaccinal 
Ulceration. 

Case  of  J.  \v.  r. 

Vaccinal  .Syphilis. 

1.  THE  ULCER 

Loss  of  sub- 
stance 

Great.  Ulcer  gen- 
erally deeply  ex- 
cavated. 

Great.  Ulcer 

deeplyexcavated. 

Loss  of  substance,  suj)er- 
ficial  with  rare  excep- 
tions. Much  less  ex- 
cavated than  a vaccinal 
ulcer.  (Compare  a case 
which  was  “probably 
on  the  verge  of  phage- 
dsena,”  Illustrations  of 
Clinical  Surgery,  Jona- 
than Hutchinson,  1878, 
at  pages  126  and  131.) 

Discharge 

Considerable  ; not 
drying  into  scabs. 

Considerable  ; not 
drying  into  scabs. 

Scanty  or  absent,  nearly 
always  forming  scabs. 

Edges 

Punched  out,  per- 
pendicular, ir- 
regular. 

Punched  oitt. 

Not  punched  out,  slop- 
ing to  floor. 

Bottom  . 

Uneven,  unhealthy- 
looking,  some- 
times sloughy. 

Unhealthy-looking. 

Smooth,  even. 

Base 

Inflammatory  in- 
duration. 

Inflammatory  in- 
duration. 

Induration  circum- 
scribed, elastic,  parcb- 
ment-like. 

Areola 

Extensive.  Diffuse 
inflammation, 
lymphangitis, 
cellulitis,  ery- 
■sipelas,  and  other 
infiamniatory 
complications 
common. 

Very  slight,  often  in- 
appreciable. 

2.  THE  GLANDS 

Glands  . 

Either  no  reaction 
or  acute  inflam- 
mation. 

Not  noticed  to  be 
enlarged. 

Enlargement  always 

present,  indolent  non- 
inflammatory indura- 
tion. 

3.  THE  ERUPTION 

Development  . 

First  appearance 
between  the  9th 
and  15  th  days, 
always  contem- 
poraneous with 
vaccination. 

First  rash,  red  with 
some  exudation 
noticed  on  10th 
day  after  vaccina- 
tion. Second 

rash,  scaly,  cop- 
pery, about  40th 
day. 

At  the  earliest,  appears 
first,  63  to  70  days 
after  vaccination.  (In 
Mr.  Hutchinson’s  cases 
it  varied  from  42  to  63 
days  when  untreated, 
and  from  five  to  seven 
months  in  those  under 
mercurial  treatment. 
(Loc.  cit.  p.  133.) 
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Tablk  comparing  Vaccinal  Ulceration  and  Vaccinal  Syphilis — continued. 


Generally  observetl  Symptoms  of  A'neoinal 
Ulceration. 

of  J.  W.  P. 

Vaccinal  Syphilis. 

3.  TH 

Relation  to  pri-  Not  preceded  by  a 
mary  sore.  typical  vaccinal 

" chancre. 

} Clinical  charac-  Of  ordinary  types 
ters.  (roseola,  miliaria, 

bullm,  etc.)  ; not 
lasting.  No  mu- 

! cons  tubercles. 

! 



E ERUPTION 

Not  preceded  by 
a typical  A'accinal 
chancre. 

No  mucous  tuber- 
cles. 

Always  preceded  by  a 
chancre  at  the  point  of 
vaccination. 

Characteristic  syphil- 
ides  ; j>er.sistent.  Mu- 
cous tubercles  often 
present. 

Some  further  points  of  distinction  between  vaccinal  and  syphilitic 
eruptions  will  be  found  in  detail  on  p.  675. 

"What  I have  stated  above  will  have  indicated  some  of  the  many 
sources  of  fallacy  which  have  to  be  guarded  against  in  the  investigation 
of  an  alleged  case  of  vaccinal  syphilis ; and  the  section  on  this  subject 
cannot  be  better  brought  to  a conclusion  than  by  quoting  the  judicial 
statement  made  in  the  Final  Eeport  of  the  Eoyal  Commission,  1896, 
piragraph  423,  which  is  as  follows : — 

“The  close  resemblance  in  certain  very  rare  cases  of  the  results  of 
vaccination,  whether  Avith  calf  lymph  or  humanised  lymph,  to  those 
attributed  to  syphilis  (a  resemblance  so  close  that  it  has  caused  in  a few 
cases  a difference  of  opinion  Avhether  the  disease  was  syphilis  or  vaccinia), 
has  led  to  the  expression  by  Dr.  Creighton  of  the  opinion  that  there  is 
some  essential  relationship  between  these  Uvo  diseases.  This,  however,  is 
a point  of  speculation,  almost  it  might  be  said  of  transcendental  pathology, 
upon  Avhich  for  practical  purposes  it  is  useless  to  enter.  It  must  be 
sufficient  to  remark  that,  whatever  may  be  the  relationship  alluded  to,  it 
exists,  if  it  exist  at  all,  equally  between  small-pox  and  syphilis  as  between 
vaccination  and  syphilis.  For  all  practical  purposes  variola  and  vaccinia 
are  both  wholly  distinct  from  syphilis,  and  their  differences  are,  with  the 
rarest  exceptions,  easily  recognised.  They  are  alike  in  being  attended  by 
affections  of  the  .skin  and  mucous  membranes,  and  exceptionally  by  disease 
of  the  bones,  eyes,  and  other  parts,  but  in  all  these  it  is  a question  of 
re.semblance  and  not  of  identity  Avith  Avhich  Ave  haA^e  to  deal.” 

REFERENCES  TO  PART  IV.  ON  VACCINAL  SYPHILIS 

1.  Acrlzlichc  MUlhcilun(jen  uns  Baden,  1886,  Nos.  21,  22,  ]i.  163. — 2.  Bohn. 
Ilmul.hueh  <Ur  Vaccination,  p.  338,  par.  10. — 3.  Brit.  Med.  down.  1880,  a‘o1.  i.  j).  191. 
— 4.  Cor.Lrx.s  and  Picton.  Dissent  from  Reiwrt  R.C.V.,  Final  Report,  p.  200. — 5. 
C'KEtOHTOx.  Natural  History  of  Covj-pox  and  Vaccination  , Syphilis,  j).  l25.  London, 
1887. — 6.  HAd.  j>.  128. — 7.  Uki’AUI..  Bull.  Acad,  de  mid.  1867. — 8.  Final  Bcporl 
Bayal  Cornmission  on  Vaccination,  1896,  )>.  114. — 9.  ForuNiKU,  A.  Lemons  siir  la 
syphilis  vaccinnlc.  Paris,  1889. — 10.  Ihid.  p.  .tl,  i>roposition  1. — 11.  Ihid.  ]>.  122, 
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l.roi.osition  1 ; p.  112,  note. -12.  Rid.  p.  59.-13.  Ibkl.  p.  116,  proj^sitions  1,  3.- 

^32.-16.  Ibid.  p.  98.— 17.  Rid.  p.  126.-18.  FCr.st. 
Pathologic,  dor  i>Rulzpockm^^  1896,  p.  56.-19.  Hausmaxx.  Berl.  klin. 

ff  cnnsckr.  1885,  iSo.  Ij. — 20.  Hutchinson.  .Archives  of  Hurgery.  1889  i>.  97. 21. 

Illustralions  of  Clinical  Surgery,  1878,  p.  n’4 23  Rid 

p.  122.— 24.  Idem.  Syphilis,  p.  108.— 25.  Rid.  p.  148.-26.  Lotz.  Vakolc  cl 

vaccine,  i>.  112.  Bale,  1880. — 27.  Med.  Timcsand  Gaz.,  London,  Way  17, 1873. 28  lied 

slat.  Millhcil.  a.  d.  K.  Gesundheitsamte,  1886.— 29.  Med.-Chir.  Trans.,  London  1873' 
pp.  193,  196  —30.  Mcdizinal  slatistische  Mittiwilungen  aus  dem  Kaiscrlichen  Gesund- 
Bd.  1.  li.  Hi.  Berlin,  1892-1896.  - 31.  Peipf.k.  Sehutzpocken-Impfung, 
\\  len,  1892,  9,  62.  32.  Seaton.  Handbook  of  Vaccination,  clnap.  xiv.  p.  320.  London 

1868.  33.  Supplement  to  12lh  Annual  Rcijort  of  the  Local  Governinent  Board,  I882' 

Voigt,  L.  “Uelier  Impfscliiidcn,”  Deutsche  med’. 
IVchnachr.  1888,  p.  890.— 36.  Rid.  p.  933.-37.  Viennoi.s.  “Do  la  transmission  de 
la  syphilis  par  la  vaccination,”  Arch.  gdn.  de  mid.  1860,  and  “La  syphilis  vaccinale  ’’ 
Gaz.  hebd.  de  mid.  et  de  chir.  1865.-38.  AVhiteheaij,  James.  Third  Report  of  the 
Clinical  Hospital,  Manchester,  p.  51.  London,  1859. 


Part  V 

Vaccination  in  Eelation  to  various  Diseases 

Vaccination  and  tuberculosis.  — The  question  of  the  possibility 
of  the  transmission  of  tuberculosis  by  vaccination  has  received  much 
attention.  Degive  stated  that  it  had  been  proved  that  the  vaccine 
pustule  could  transmit  tubercle  ; but  no  evidence  ivas  brought  forward  at 
the  time  in  support  of  the  assertion.  When  traced  to  its  origin  it  was 
found  to  rest  on  an  account  given  by  Butel  of  some  experiments 
performed  by  three  Greek  physicians,  and  on  some  well  - known 
experiments  made  by  Toussaint ; ^ and  not  on  any  new  facts  brought  to 
light  by  the  speaker.  The  three  Greek  observers  are  stated  to  have 
inoculated  two  rabbits  with  lymph  taken  from  a vaccine  vesicle  raised 
on  a person  suffering  from  “ phthisis  of  the  first  degree.”  In  one  of 
the  rabbits  a tubercle  was  noticed  at  the  point  of  inoculation  at  the 
end  of  twelve  days,  and  after  five  weeks  there  was  generalised 
tulierculosis.  The  author  of  these  statements,  in  reply  to  1113’^  request 
for  further  particulars,  expressed  his  regret  that  his  notes  were  lost. 
Toussaint’s  experiments  consisted  in  vaccinating  a tuberculous  cow  on 
the  vulva  with  lymph  taken  from  a well-formed  vaccine  vesicle  raised 
on  a healthy  child.  On  the  seventh  and  eighth  daj’^s — the  pocks  being 
then  umbilicated — he  took  lymph  and  with  it  inoculated  four  rabbits, 
a pig,  a cat,  and  a pigeon.  Two  of  the  rabbits  Avere  killed  tAvo  months 
later,  and  Avere  found  to  be  suffering  from  tubercle  at  the  point  of 
inoculation,  in  the  lungs,  and  in  the  lymphatic  glands.  The  other  tAvo 
rabbits,  killed  just  Avhen  they  were  going  to  die,  Avere  also  tuberculous. 
The  pig  Avas  killed  142  days  after  inoculation,  and  Avas  found  to  be 

' The  original  communication  (14)  was  made  in  1881  : ‘‘  Note  prc.sente  a I’Academie  des 
Sciences  le  8 Aoilt,  1881.  Infection  tuberculeuse  par  les  liquides  des  secretions  et  par  la 
serosite  des  pustules  de  vaccin.” 
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surtering  frona  widely-distributed  calcareous  and  caseous  tuberculous 
nodules.  The  cat  and  the  pigeon  were  killed  on  the  sixtieth  day  and 
did  not  shew  any  sign  of  tubercle. 

These  experiments  are  quoted  because  they  arc  the  only  ones,  so 
far  as  I am  aware,  which  have  been  seriousl)'  advanced  in  support  of 
the  above  statement  made  by  Degive.  They  should  be  accepted 
with  great  reserve,  as  the  sources  of  fallacy  in  their  method  are 
obvious.  The  first  series,  without  more  detail,  which  unfortunately 
cannot  now  be  given,  can  hardly  be  said  to  have  any  demonstrative 
value  ; the  second  series  (Toussaint’s)  are  inconclusive,  as  the  vaccina- 
tion was  performed  on  a part  which,  if  any  tuberculous  excreta  were 
passed,  could  hardly  fail  to  be  contaminated.  It  may  be  pointed  out 
that  the  cow  selected  was  obviously  tuberculous,  and  that  experiments 
performed  with  lymph  taken  from  the  cow  on  the  seventh  and  eighth 
days,  and  from  vaccine  vesicles  in  such  a position  and  in  such  circum- 
stances, can  have  little  or  no  practical  bearing  on  the  transmission  of 
tuberculosis  in  the  ordinary  course  of  vaccination.^  If  any  further 
e^■idence  were  needed  to  shew  how  little  reliance  can  be  placed  on  these 
experiments  in  support  of  the  allegation  that  there  is  in  fact  a 
substantial  danger  of  inoculating  tubercidosis  with  vaccination,  it  may  be 
pointed  out — 

1.  That  vaccine  lymph  is  obtained  from  calves  and  not  from  adult 
cows ; and  even  if  it  were  obtained  from  adult  animals,  those  obviously 
tuberculous  would  not  be  selected  for  the  purpose.  ^ 

2.  That  calves  are  very  little  liable  to  tuberculosis.  It  is  stated 
by  Fiirst  (20),  on  the  authority  of  Pfeiffer,  that  only  one  case  of 
“ perlsucht  ” occurred  during  the  first  four  months  of  life  amongst 
34,400  calves;  and  these  numbers  are  borne  out  by  the  statistics  of 
the  abattoirs  at  Augsburg  and  iNIunich,  only  one  tuberculous  calf  being 
found  amongst  22,2-30  at  the  former  place,  and  even  less  frequently  at 
the  latter  (29).  Yet  this  almost  inappreciable  source  of  danger  can  be 
avoided  by  the  simple  precaution  of  not  using  the  lymph  from  any  calf 
until  the  animal  has  been  killed  and  proved  to  be  entirely  free  fi’om 
disease.  Such,  indeed,  is  the  practice  in  some  parts  of  Germany. 

Besides  those  mentioned  above,  a large  number  of  experimental 
inquiries  have  been  undertaken  to  ascertain  whether  the  lymph  taken  from 
the  vesicles  of  a person  undoubtedly  suffering  from  tuberculosis  contains 
tubercle  bacilli,  or  is  capable  of  transmitting  tuberculosis  to  susceptible 
animals.  Amongst  them  may  be  mentioned  those  of  Josserand,  Acker, 
Lothar  Meyer,  Straus,  and  Peiper.  Josserand’s  and  Straus’s  papers  con- 
tain references  to  inoculation  experiments,  and  Peiper’s  article  contains 

' In  the  Minority  Reiiort  of  the  R.C.V.,  paragraph  219,  p.  202,  it  i.s  stated  that  “the 
experiments  of  Tous.saint  indicate  the  possibility  of  inoculating  tubercle  u]>oii  animals  by 
vaccination”  (reference  being  made  to  answer  22,714).  But  no  new  facts  .arc  brought 
forward. 

* The  calves  used  for  the  L.G.B.  supply  of  vaccine  lymph  are  carefully  c.vamincd,  and  if 
there  be  any  suspicion  of  tulierculosis  the  whole  of  the  lym|ili-imlp  from  that  calf  is 
destroyed.  Tlie  “ lymph  ” is  also  treated  with  glycerin  which  destroys  tubercle  bacilli. 
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references  to  a considerable  number  of  cases  of  tubercle  accidentally 
inoculated.  None  of  these  ob.servers  were  able  to  detect  tubercle 
bacilli  in  the  lymph  raised  on  tuberculous  vaccinifei  s (human  or  bovine) ; 
and  none  of  the  animals  inoculated  with  the  lymph  taken  from  Straus’s 
cases  shewed  even  a suspicion  of  tuberculosis  after  inoculation.  In 
Josserand’s  cases  the  post-mortem  examinations  gave  negative  results 
in  forty-three  of  the  forty-seven  animals  inoculated  ; not  one  gave 
conclusive  evidence  of  tuberculosis,  and  one  only  had  enlargement  of  the 
glands  in  immediate  relation  to  the  point  of  inoculation.  The  lymph 
in  these  cases  was  obtained  by  vaccinating  individuals  obviously 
tuberculous  \ and,  when  thus  obtained,  it  was  used  for  inoculating  the 
animals  experimented  on  by  injecting  it  into  the  peritoneal  cavity, 
under  the  skin,  or  into  the  anterior  chamber  of  the  eye ; so  as  to 
produce  the  maximum  result.  In  fact  the  experiments  were  done  in 
a manner  which  could  not  possibly  have  its  counterpart  in  vaccination. 
Further,  it  is  important  to  bear  in  mind  that  it  is  very  difficult  to 
obtain  tuberculous  infection  by  simple  scratching  of  the  skin ; and 
this  fact,  which  is  in  accordance  with  common  experience,  has  received 
confirmation  from  Chauveau’s  (15,  9)  experiments.  He  found  that  in 
five  instances  in  which  he  endeavoured  to  produce  tuberculosis  by 
means  of  inoculation  through  the  medium  of  the  skin,  not  only  were 
the  results  negative,  but  also  no  sign  of  tubercle  was  found  in  any  of 
the  scars.  It  is  probable  that  in  those  cases  of  local  tuberculous  in- 
oculation which  occur  after  tattooing,  cuts,  and  the  like,  the  wound  has 
always  penetrated  the  skin  so  that  the  infection  took  place  in  the 
subcutaneous  tissue.  No  undoubted  case  of  invaccinated  tubercle  was 
brought  before  the  Hoyal  Commission  on  Vaccination  ; but  Sir  T. 
Barlow  has  reported  one  case  in  which  lesions,  believed  to  be  tuberculous, 
appeared  iu  the  skin  of  a child  who  had  been  vaccinated  three  months 
previously.  The  vaccination  in  this  case  pursued  a normal  course,  and 
there  were  no  tuberculous  lesions  affecting  the  vaccination  sites  or  the 
lymphatic  glands  in  the  axilla  on  the  same  side  as  the  vaccination.  The 
child’s  father  had  died  of  some  acute  pulmonary  disease  of  three  months’ 
duration,  probably  tuberculous. 

A similar  case  is  recorded  by  Marocco  (26,  20).  In  this  instance  the 
child  died  of  tuberculosis  four  months  after  being  vaccinated  with  calf- 
l3'ni23h.  The  pocks  healed  well,  and  subsequently  disseminated  red 
papules  appeared  ; these  suppurated,  and  caseous  abscesses  formed  round 
the  joints.  No  details  are  given  of  irrevious  or  family  histories,  so  that 
this  may  have  been  no  more  than  one  of  those  coincidences  which  must 
occasionally  occur  after  vaccination,  without  any  causal  relations  between 
the  operation  and  the  subsequent  event.^ 

1 111  the  Minority  Report  R.C.V.  1895,  paragraph  219,  p.  202.  it  is  stated  that 
been  found  tliat  tuberculous  disease  can  be  readily  conveyed  from  infected  animals  to  healthy 
animals  or  persons  by  the  medium  of  infected  animal  products  such  as  milk.  Although 
in  certain  circumstances  this  statement  may  be  correct,  it  has  little  or  no  direct  bearing  on 
vaccination.  Tubercle  bacilli  have  never  yet  been  detected  in  vaccine  lymph,  even  when 
raised  on  tuberculous  individuals  (such  as  could  not  possildy  be  selected  as  vaccinifers). 
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I have  seen  only  one  case  of  death  from  acute  miliary  tuberculosis 
in  an  itifant  within  the  first  few  weeks  after  vaccination  : in  this  case 
(Xo.  207,  Appendix  ix.  to  the  Final  Keport  of  K.C.V.,  p.  397) 
the  wounds  healed  completely,  and  about  twelve  weeks  after  vaccination 
the  child  died  of  acute  miliary  tubercidosis.  The  post-mortem  examina- 
tion shewed  that  there  was  no  induration  in  or  around  the  vaccination 
seal’s,  which  were  well  and  firmly  healed ; nor  was  there  any  enlargement 
of  the  axillary  or  cervical  glands.  There  was,  in  fact,  nothing  in  the 
condition  of  the  scars,  or  of  the  glands  in  relation  with  them,  to  suggest 
that  the  vaccination  and  the  tuberculosis  were  in  any  way  connected. 

From  the  facts  which  up  to  the  present  time  have  been  brought  to 
lisrht,  it  would  seem  to  be  certain  that  the  communication  of  tuberculosis 
in  the  coui-se  of  vaccination  is  of  such  exceeding  rarity  that  it  is  even 
doubtful  whether  it  has  ever  been  so  transmitted.  This  latter  conclusion 
has  been  arrived  at  by  many  observers  both  on  practical  and  scientific 
grounds.  Bollinger  goes  so  far  as  to  say  that  the  inoculation  of  tuber- 
culosis in  vaccination  is  to  be  denied  absolutely ; and  Dr.  Heron,  who 
has  paid  gi’eat  attention  to  the  question  of  the  transmissibilitj'-  of 
tuberculosis  from  one  indiHdual  to  another,  informs  me  that  he  does 
not  know  of  any  recorded  case  in  which  the  transmission  of  tuberculosis 
or  lupus  could  rightly  be  attributed  to  vaccination. 

Vaccination  and  lupus. — Lupus  affecting  the  seat  of  vaccination  has 
been  observed  in  some  few  instances ; but  it  is  much  to  be  regretted  that 
in  none  of  the  recorded  cases  with  which  I am  acquainted  has  it  been 
possible  to  determine  with  anything  approaching  to  certainty  whether 
the  disease  was  invaccinated,  or  whether  the  case  was  merely  an  ordinary 
lupus  attacking  the  vaccination  scar;  or  even  to  shew  whether  the  lymph 
came  from  a contaminated  source,  or  was  presumably  capable  of  exciting 
any  but  the  specific  effects  of  vaccination.  Mr.  Hutchinson  (21)  and 
Vidal  (10)  are  of  opinion  that,  in  the  cases  recorded,  there  is  not 
sufificient  ground  for  belie^dng  that  lupus  resulted  directly  from  vaccina- 
tion, but  that  it  was  due  to  the  patient’s  constitutional  tendencies.  There 
is  some  justification  for  this  opinion ; but  there  is  no  evidence  that  lupus 
can  be  transferred  by  inoculation  from  one  person  to  another.  Vidal, 
indeed,  states  that  his  numerous  attempts  to  accomplish  it  have  failed. 

Dr.  Colcott  Fox  informs  me  that  he  has  seen  a ease  in  which  lupus 
began  in  one  of  the  vaccination  scars  shortly  after  the  sore  had  healed. 
Subperiosteal  tuberculous  nodules,  with  a disseminated  lupus,  afterwards 
appeared ; and  after  death  it  was  found  that  the  child  Avas  suffering 
from  pulmonary  tuberculosis.  There  is  no  record  in  this  case  of  the 
source  of  lymph  ; and,  as  one  other  child  in  the  same  family  died  of 

And,  farther,  the  milk  of  tuberculous  cows  Ls  only  known  to  be  infective  when  there  is 
local  tuberculous  disease  in  the  nianiniai’}'  gland.  There  is  no  evidence  that  the  milk  of 
tuWculous  individual.H  in  whom  the  gland  is  healthy  either  contains  tubercle  bacilli  or  is 
caf^able  of  communicating  the  disease.  This  opinion  is  shared  by  Dr.  Sidney  Martin,  to 
whom  1 am  indebted  for  information  on  the  subject.  It  must  al.so  be  remembered  that  Prof. 
Kof;h  has  expressed  grave  doubts  as  to  the  transmissibility  of  bovine  tuberculosis  to  the 
human  species  through  infected  food. 
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tuberculosis,  it  is  possible  that  this  child  was  already  tuberculous  at  the 
time  of  vaccination,  and  that  the  operation  acted  merely  as  the  exciting 
cause  of  the  acute  disease  : this  often  happens  in  children  after  the  exan- 
theins,  and  even  after  mechanical  injuries.  In  the  only  case  of  post- 
vaccinal lupus  which  I have  myself  seen  and  investigated  ((2)  and  cf. 
Sixth  Report  of  R.C.V.,  p.  141),  the  evidence  was  very  inconclusive. 
The  child  was  vaccinated  in  four  places,  two  of  the  vaccination  wounds 
did  not  heal  completely,  and  two  are  stated  not  to  have  healed  for  two 
years ; the  lupus  from  which  the  child  afterwards  suffered  is  believed 
to  have  originated  in  one  of  the  scars  ; and  when  the  case  was  first  seen 
five  years  later,  the  whole  of  the  vaccinated  area  was  involved  (see 


Fio.  20.— Lupus  affecting  the  seat  of  vaccination.  Drawn  9 years  after  the  operation.  For  details  of 
the  case  see  text,  and  Case  2(3,  p.  242,  Appendix  ix.  to  Final  Report  R,(j.V.  1S96. 

Fig.  20).  This  child  was  the  second  of  six  children,  and  no  member 
of  the  family  was  known  to  be  tuberculous.  The  source  of  the  l}fmph 
could  not  be  traced.  Cases  reported  by  Lennander  and  Besnier  are 
not  more  conclusive.  The  one  was  seen  eighteen  years  after  vaccination  ; 
the  other  more  than  thirty-four  years  afterwards.  In  Lennander’s  case 
vaccination  is  said  to  have  been  normal ; and  though  lupus  had  com- 
menced in  the  scar,  and  there  was  a small  ulcer  when  the  boy  was  ten 
years  old,  a doctor  was  not  consulted  about  it  until  he  was  seventeen. 
When  first  seen  by  Lennander,  the  appearances  of  the  original  sore  had 
been  much  altered  by  treatment ; but  the  case  was  proved,  on 
microscopic  examination,  to  be  tuberculous.  No  conclusion  seems  to  be 
warranted  from  these  cases,  except  that  lupus  may  attack  a vaccination 
scar,  as  it  may  attack  any  cicatrix ; and,  even  supposing  the  local  lesion 
to  have  no  causal  relation  with  vaccination,  it  is  remarkable,  seeing 
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how  frequently  lupus  occurs,  that  there  are  not  more  cases  ou  record, 
similar  to  those  given  above,  in  which  the  disease  attacked  the 

SCSI'S. 

Vaccination  and  “scrofula.” — The  further  question  arises  whether 
vaccination  be  in  any  way  responsible  for  the  production  of  the  chronic 
tuberculous  diseases  which  are  included  under  the  names  tabes  mesen- 
terica  and  scrofula.  The  number  of  children  amongst  the  labouring 
classes  who  sufter  from  these  complaints  makes  it  certain  that  some 
infants  will  sicken  and  die  of  them  within  a few  weeks  or  months  of 
vaccination ; and,  although  vaccination  may  be  in  no  way  the  cause  of 
the  disease,  it  may  and  must  always  be  difficult  in  such  cases  rightly  to 
apportion  the  precise  effect  of  inheritance,  circumstances,  and  vaccination — 
especially  if,  owing  to  feeble  health,  degenerate  tissues,  and  bad  surround- 
ings, vaccination  has  been  followed  by  ulceration,  glandular  abscess,  or 
some  such  complication  likely  to  excite  febrile  disturbance.  A long 
inquiry  into  such  a case  will  be  found  on  p.  374,  App.  to  Final  Eei^ort 
E.C.Y.  1896.  Further,  the  length  of  time  necessary  for  the  evolution  of 
the  disease  is  so  protracted  that  the  all-poAverful  factors  of  inheritance, 
circumstances,  food,  clothing,  and  so  forth,  which  exert  their  influence  on 
the  lives  of  all  infants,  have  full  time  to  make  themselves  felt,  and 
render  it  practically  impossible  to  draw  sound  conclusions  from  individual 
cases.  In  order,  then,  that  some  estimate  may  be  made  as  to  the  effect  of 
vaccination  on  the  prevalence  of  the  diseases  named,  a wider  survey  must 
be  taken.  During  the  forty  ye<ars  ended  1896  the  Eegistrar-General’s 
returns  shewed  an  increase  in  the  number  of  deaths  ascribed  to  tabes 
mesenterica  and  scrofula,  and  a decrease  in  the  allied  diseases  of  hydro- 
cephalus and  phthisis.  How  much  of  this  was  due  to  better  diagnosis  and 
to  transference  of  cases  from  one  class  to  another  it  is  impossible  to  say ; 
but  that  the  increase  is  not  due  to  vaccination  may  be  inferred  from  the 
Leicester  statistics,  which  prove  to  be  a useful  standard  for  comparison. 
In  Leicester  the  increase  in  deaths  from  tabes  mesenterica  and  scrofula 
during  1883-87,  as  compared  with  the  years  1863-67,  was  25'8  per 
cent;  the  increase  for  England  and  "Wales  during  the  same  period  was  2 6 ’8 
per  cent ; from  this  it  may  be  inferred  that,  within  reasonable  limits  of 
error,  Leicester  is,  in  this  respect,  as  badly  off  without  vaccination  as  the 
rest  of  England  is  ■with  it.  In  the  opinion  of  those  best  qualified  to  judge, 
the  facts  brought  before  the  Vaccination  Commission  do  not  warrant  the 
assertion  that  the  increased  mortality  from  the  diseases  under  considera- 
tion is  in  any'  way  due  to  vaccination  (18). 

Vaccination  and  leprosy. — It  has  often  been  asserted  that  leprosy 
can  be,  and  has  been,  spread  by  vaccination ; and  some  few  individual 
cases  have  been  brought  forward  as  evidence  in  favour  of  the  view.  To 
determine  whether  this  is  possible  it  must  be  shewn  : — 

1.  That  leprosy  can  be  communicated  directly  by  inoculation. 

2.  That  leprosy  bacilli  can  be  detected  in  vaccine  vesicles  raised  on  a 
leper  at  the  place  where  the  skin  is  healthy. 

3.  That  individual  cases  have  been  observed  in  which,  from  the 
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evidence,  there  is  good  ground  for  believing  that  leprosy  has  been 
accidentally  invaccinated. 

The  evidence  on  the  first  point,  namely,  the  general  question  of  the 
communicability  of  leprosy  directly  from  one  individual  to  another,  is 
conflicting  and  contradictory.  A case  recorded  by  Dr.  Hawtrey  Benson  is 
important  as  giving  ground  for  the  suspicion  that  in  exceptional  circum- 
stances the  disease  may  be  so  communicated.  In  this  instance,  two 
brothers  lived  and  slept  together ; one  had  contracted  leprosy  in  the 
“Indies.”  He  died,  and  three  years  later  his  brother,  who  had  never 
been  out  of  the  United  Kingdom  but  had  worn  his  clothes,  shewed 
symptoms  of  the  disease.  This  case  is  far  more  convincing  than  those 
which  occur  in  countries  where  leprosy  is  endemic ; though  it  does  not 
justify  any  deduction  as  to  the  reality  of  the  alleged  danger  of  com- 
municating the  disease  by  vaccination.  So  far  as  the  evidence  goes  at 
present  it  must  be  considered  extremely  doubtful  whether  the  disease  has 
ever  been  communicated  directly  or  indirectly  in  the  ordinary  course  of 
this  operation.  1 Notwithstanding  all  that  has  been  said  by  those  who 
are  of  opinion  that  the  increase  in  leprosy,  which  has  occurred  in  some  of 
the  places  where  the  disease  is  endemic,  is  largely  due  to  vaccination,  not 
one  case  in  which  there  was  any  sufficient  evidence  to  justify  such  a 
statement  was  brought  before  the  Eoyal  Commission  of  1889-96.  On 
the  contrary,  those  who  have  had  the  widest  experience  and  the  best 
opportunities  of  forming  a correct  judgment — such  men  as  Dr.  Hansen 
of  Bergen,  and  the  late  Dr.  Beavan  Rake,  medical  superintendent  of  the 
Leper  Asylum  at  Trinidad^ — did  not  consider  that  any  such  inference 
could  be  drawn  from  the  data  available.  These  opinions,  weighty 
in  themselves,  are  supported  by  the  fact  that  in  New  Zealand,  Iceland, 
Norway,  and  India,  leprosy  has  steadily  declined  (19),  although  vaccina- 
tion has  been  widely  practised ; while  in  the  Sandwich  Islands  it  has  at 
the  same  time  largely  increased.  Dr.  Hansen  has  never  seen  a case  of 
invaccinated  leprosy;  he  informs  me  that  in  1890  he  sent  out  a circular 
to  all  physicians  in  Norway,  asking  Avhether  they  had  observed  any  case 
of  leprosy  occasioned  by  vaccination.  This  inquiry  failed  to  trace  a single 
case  in  which  there  Avas  ground  for  believing  that  leprosy  had  been  so 
caused.  The  importance  of  such  a statement  is  obvious  when  it  is 
remembered  that  vaccination  is  efficiently  carried  on  throughout  the 
countiy. 

To  prove  that  there  is  prima  facie  ground  for  believing  that  leprosy 
maj^  be  invaccinated,  reference  has  been  frequently  made  to  the  folloAving 
experiments  made  by  Arning  (3,  4).  He  inoculated  the  left  forearm  of  a 
native  HaAvaiian  Avith  a portion  of  leprous  nodule  ; a month  later  the  man 
suffered  from  pain  in  the  left  shoulder,  elboAv,  and  AA'rist,  Avith  painful 

' The  whole  question  will  be  I'ound  fully  discussed  from  the  scientilic  point  of  view^iii 
the  Journal  of  the  Leprosy  tnvesUgaiion  Committee,  i.  5-11,  130,  141  ; iii.  90  ; iv.  32-41,  /2, 
au(l  from  the  opposite  side,  in  the  Recrudescence  of  Leprosy  and  its  Causation^  hy  W.  Tebb, 
London  1889  See  also  Beavan  Rake,  Medical  Record,  Now  York,  1893,  vol.  xliv.  p.  70o, 
and  Report  on  Leprosy  fm  the  year  1892,  Trinidad,  1893  ; also  Phineas  Abraham,  Trans. 
VII.  Internat.  Congr.  of  Hygiene,  Loudon,  1892,  vol.  i.  p.  384. 
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swelling  of  the  ulnar  and  median  nerves.  During  the  next  six  months 
the  neuritis  gradually  subsided,  and  a small  leprous  nodule  formed  at  the 
point  of  inoculation.  Leprosy  bacilli  were  present  for  six  months.  Two 
and  a half  veal’s  later  the  symptoms  of  leprosy  were  definite ; and  a year 
afterwards  the  disease  was  at  its  height.  The  fallacy  of  drawing  an}' 
deduction  from  such  a case,  to  prove  the  danger  of  inoculating  leprosy  by 
vaccination,  is  too  obvious  to  need  comment ; for,  apart  from  the  fact  that 
vaccination  does  not  consist  in  inoculation  with  leprous  tissue  or  cultures 
of  leprosy  bacilli,  the  man  came  of  a leprous  family,  and  lived  in  a place 
where  leprosy  was  endemic.  Even  Arning  himself  does  not  appear  to 
consider  that  the  case  proves  conclusively  that  leprosy  was  inoculated. 

Inoculation  experiments  have  been  made  by  other  competent  observers, 
especially  by  Danielssen  and  Hansen;  but  the  results  were  entirely  negative. 

Arning  (5)  detected  leprosy  bacilli  in  the  lymph  of  vaccination-vesicles 
raised  on  the  skin  of  an  advanced  case  of  tubercular  leprosy ; but  he  did 
not  detect  any  in  lymph  from  two  cases  of  anassthetic  leprosy.  On  the 
other  hand,  Dra.  Beavan  Eake  (7)  and  Buckmaster  (24)  examined  a large 
number  of  cases  in  a similar  manner,  and  in  most  cases  did  not  find  any 
trace  of  bacilli.  In  the  cases  in  which  the  part  vaccinated  was  obviously 
diseased  they  found  suspicious-looking  rod-like  bodies ; but,  as  Beavan 
Rake  stated,  even  if  the  doubtful  cases  be  admitted  as  evidence  that 
leprosy  bacilli  are  to  be  found  in  a vaccine  vesicle  raised  on  a patch  of 
tubercular  leprosy,  it  has  no  bearing  on  the  question  at  issue ; since  no 
responsible  person  would  think  of  vaccinating  a leper  on  an  affected  part, 
and  using  lymph  from  vesicles  so  obtained  for  further  vaccinations. 

The  conclusions  these  observers  arrived  at  are  as  follows : — 

1 . That  the  alleged  cases  of  transmission  of  leprosy  by  vaccination  are 
open  to  serious  doubt. 

2.  That,  assuming  the  presence  of  leprosy  bacilli  to  be  necessary  to 
produce  leprosy,  no  danger  need  be  apprehended  from  the  vaccine  lymph 
even  of  an  actual  leper ; provided  he  be  vaccinated  on  healthy  skin. 

Turning  from  the  experimental  to  the  practical  side  of  the  question 
the  evidence  is  even  less  precise  and  conclusive.  Two  series  of  cases 
have  been  repeatedly  quoted  as  giving  some  ground  for  the  suspicion  that 
leprosy  might  be  communicated  in  the  ordinary  process  of  vaccination. 
The  first  of  these  cases  was  recorded  by  Sir  W.  T.  Gairdner  ^ and  is  as 
follows : — 

Dr.  X.,  living  in  a tropical  island  where  leprosy  was  endemic,  vaccinated 
his  own  son  from  a native  child,  and  from  his  own  boy  in  turn  vaccinated 
a third  child.  Both  the  latter  in  after-years  suffered  from  leprosy.  The 

' "A  Remarkable  Experience  concerning  Leprosy,”  etc.,  British  Medical  Journal,  1SS7, 
vol.  i.  p.  1269.  I have  maile  every  effort  to  trace  the  vaccinifer  in  this  case,  as  it  is  one  not 
only  of  .scientific  but  of  practical  interest.  Dr.  X.  is  dead : Mr.  Ibicker,  wlio  wrote  to  Sir. 
Tebb  (.30)  saying  that  he  knew  all  about  the  case,  gave  the  wrong  initials  for  the  father  and 
the  wrong  name  for  the  school  at  which  the  boy  hatl  been,  so  that  his  statement  re(inires 
confirmation  : neither  Sir  W.  T.  Gairdner,  Dr.  Ruckmaster,  Dr.  Beavan  Hake,  nor  Dr.  W. 
Tebb  knew  more  of  the  case  than  stated  above.  I have  not  received  any  rci>ly  to  the 
inf|uiries  I have  aiblressed  to  .Mr.  Hacker  and  Dr.  Pasley,  who  both  speak  as  though  they 
were  aerjuainted  with  the  circumstances. 
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native  child  was  said  to  have  come  of  a leprous  family,  and  Sir  W.  T. 
Gairdner  writes  that  he  “ understood  (though  perhaps  not  definitely  so 
stated)  that  leprosy  had  declared  itself  in  the  native  child  after  vaccina- 
tion ” ; of  this  fact,  however,  there  was  so  miach  uncertainty  that  in  a 
subsequent  letter  to  the  British  Medical  Journal  (13)  he  modified  this 
statement,  and  says  that  the  doctor’s  child  was  vaccinated  from  a native 
child  who  was  “probably  not  an  actual  or  apparent  leper.”  Thus,  in  this 
much-quoted  case  there  is  no  evidence  that  the  children,  who  some  years 
later  became  lepers,  were  in  fact  vaccinated  from  a child  sufiering  at  the 
time  from  leprosy.  Neither  is  it  known  that  the  latter  subsequently 
became  a leper.  Again,  there  is  no  information  as  to  the  date  or  situa- 
tion of  the  first  appearance  of  the  leprosy ; and  during  the  time  which 
intervened  between  vaccination  and  the  development  of  the  disease  the 
children  appear  to  have  been  living  in  a country  in  which  leprosy  was 
endemic.  So  much  attention  would  not  be  called  to  this  case  were  it  not 
that  it  has  been  almost  invariably  quoted  as  one  in  which  the  two  boys 
who  suffered  from  lejirosy  had  been  vaccinated  from  a native  child  who 
afterwards  became  leprous ; ^ and  much  greater  weight  has  been  attached 
to  it  on  this  account  than  it  rightly  deserves.^  The  other  classical  cases 
ai’e  reported  by  Daubler  (16).  Two  women  were  vaccinated  from  a 
patient  who  subsequently  died  of  tubercular  leprosy.  In  both  instances 
leprous  nodules  first  appeared  on  the  forehead  and  cheeks ; in  the  one 
case  eighteen  weeks,  and  in  the  other  about  eight  weeks  after  vaccination. 
They  were  not  seen  by  Daubler  until  some  years  later  (probably  aljout  3|) ; 
and  there  is  no  evidence  to  shew  that  the  vaccinifer  was  leprous  at  the 
time  when  vaccination  was  performed : nor  in  either  case  was  there  any 
evidence  that  the  disease  began  in  the  vaccination  scars,  or  subsequently 
affected  them.  It  is  worthy  of  note  that  leprosy  appeared  in  both  cases 
in  less  than  five  months ; and  as  the  late  Dr.  Beavan  Rake  remarked, 
clinical  experience  does  not  warrant  the  belief  that  a disease  so  essentially 
chronic  as  leprosy  is  produced  so  soon  after  inoculation.  Othei-  similar 
examples  might  be  given  ; but  the  above  will  suffice  to  shew  that  it  is 
doubtful  whether  leprosy  can  be  inoculated  even  in  exceptional  circum- 
stances. Should  this  possibility,  however,  be  proved,  the  disease  could 
hardly  be  inoculated  under  the  conditions  which  occur  in  vaccination ; 
since,  apart  from  the  fact  that  a person  suffering  from  leprosy  or  coming 
of  a leprous  family  would  not  in  any  circumstances  be  used  as  a vaccinifer, 
there  is  ground  for  believing  that  vesicles  developed  on  healthy  skin  do 
not  contain  the  specific  virus  capable  of  communicating  leprosy. 

Vaccination  and  cancer.'^ — There  is  no  authentic  case  on  record  in 

' Cf.  Beavan  Rake  and  Buckmaster,  Jownial  of  Leprosy  Investigation  Committee,  No.  4, 
p.  32  ; Report  of  Leprosy  Commission  in  India,  Appendix  I.  p.  414  ; Beavan  Rake,  Medietd 
Record,  New  York,  loc.  cit.  p.  708  ; Phineas  Al)raliani,  loc.  cit.  p.  6. 

^ Cf.  C.  F.  Carter,  Leprosy  and  Vaccination  in  British  Guiana;  Journal  of  Leprosy 
Investigation  Committee,  No.  4,  p.  39  ; and  Phineas  Abraham,  loc.  cit.  p.  3,  note. 

^ Objection  mav  be  raised  to  the  use  of  the  word  “ cancer  ” a-s  too  vague.  It  is  the  term 
used  by  Jlr.  A.  R.Wallace.  Here  it  is  not  restricted  to  its  technical  meaning,  but  includes 
all  forms  of  malignant  neoplasm. 
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which  cancer  has  resulted  from  vaccination  ; neither  have  I seen  nor  been 
able  to  trace  any  case  of  cancer  affecting  the  vaccination  scar.  No  mention 
would  be  made  of  the  subject,  were  not  cancer  one  of  the  diseases  the 
increase  of  which  has  been  attributed  to  vaccination  (32). 

Apart  from  this  clinical  evidence,  which  is  very  strong,  the  statistical 
evidence  is  still  stronger ; as  may  bo  seen  from  the  following  facts  : — 

1.  The  mortality  from  cancer  during  each  quinquennial  period  of  the 
first  fifteen  years  of  life  has  decreased.^ 

2.  The  increasech  mortality  from  cancer  is  greatest  at  the  period  of 
life  furthest  removed  from  vaccination. 

3.  The  whole  of  the  recorded  increase  in  cancer  has  taken  place  in 
inaccessible  cancer ; that  is,  in  circumstances  in  Avhich  exact  diagnosis  is 
difficult. 

4.  There  has  been  practically  no  increase  of  cancer  in  accessible 
parts. 

The  whole  subject  was  ably  worked  out  by  Mr.  George  King,  late 
actuary  of  the  London  Life  Office,  and  Dr.  Arthur  Newsholme  (28),  who, 
after  examining  all  the  evidence,  drew  the  conclusion  that  the  increase 
in  cancer  is  apparent  only,  and  is  due  to  improvement  in  diagnosis  and 
more  careful  certification  of  the  causes  of  death. 

Vaeeination  and  epizootic  disease. — No  case  of  epizootic  disease 
resulting  from  vaccination,  or  associated  with  it,  has,  so  far  as  I am 
aAvare,  been  recorded  in  this  country.  Three  cases  of  aphthous  stoma- 
titis occurring  during  the  vaccination  peiiod,  and  in  many  ways  re- 
sembling epizootic  stomatitis  (foot  - and  - mouth  disease),  came  under 
the  observation  of  L.  Voigt  of  Hamburg ; Ijut  inasmuch  as  many 
similar  cases  occurred  iii  the  neighbourhood,  and  there  was  also  an  out- 
break of  the  affection  amongst  the  cattle,  there  does  not  seem  to  be  any 
ground  for  supposing  that  its  occurrence  in  the  vaccinated  children  Avas 
anything  more  than  a coincidence  : of  the  three  children  mentioned  one 
had  temporary  discomfort,  a second  died  of  cholera  at  the  same  time  as 
its  father,  and  one  only  Avas  seriously  ill  with  the  symptoms  ih  question. 
This  child,  in  Avhom  the  attack  began  on  the  tenth  day  after  A^accination, 
suffered  severely  with  high  fever,  stomatitis  affecting  the  lips,  tongue,  and 
gums.  A du.sky  papular  eruption,  Avhich  subsequently  caused  much  irrita- 
tion, appeared  first  on  the  hps,  cheeks,  and  genitals  ; later  it  spread  over 
the  Avhole  body,  and  ended  in  a severe  folliculitis  : this  A\'as  complicated 
b}-  bronchopneumonia.  The  child  eAmntually  recovered,  vaccination  having 
pursued  a normal  course  (nt?e  also  p.  692). 

' Final  Keport  R.C'.V.  par  391,  p.  102. 


ai:thor.s  referred  to  in  part  v.  on  vaccination  and 

TUBERCULOSLS,  LUPUS,  AND  OTHER  DISEASES 

1.  AfKF.K.  TAa  Uchfrlrufiharkcil  der  Tubcrculosc  dicrch  die  Vaccination.  Bonn, 
1884. — 2.  Aci.axii,  T.  D.  Case  20  reported  to  Royal  Coniniissiou  on  A^iccination. 
Ap[iendix  ix.  to  Final  Report  R.C.V.  1896,  ]>.  212. — 3.  Aunino.  Journal  of  the 
Leprosy  Invcsl.iijalion  CornmiUcc,  No.  2,  ji.  126. — 4.  Idem.  Archiv  f.  Dermal,  u. 
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Stjph.  Jail.  1891.— 5.  Idem.  Appendix  to  Report  on  Leprost/  in  Hawaii,  1886.— G 
liAKLow.  Appendix  ix.  to  Final  Keport  R.C.V.  No.  120,  p.  304.— 7 Beaa^vn  Hvki- 
Med.  Record  New  York,  1873,  vol.  xliv.  p.  709.-8.  Benson,  II.  Jjuhlik  Joarn. 
Med.  Sci.  June  18/7.- 9.  Berl.  Iclin.  JYeknschr.  No.  5,  1882. — 10.  Bk.snieu  E. 

Lupus  Vaecinal,”  Ann.  de  dermat.  cl  de  sypk.  Paris,  1889,  p.  576.  — 11.  Bollinoei: 
“ Uober  die  Infectionswege  des  tuberculosen  Giftes,”  J/iinc/ica.  med.  lYchnschr.  1890  Vi 
567.— 12.  Brit.  Med.  Journ.  1887,  vol.  ii.  p.  433.-13.  Brit.  Med.  Joum.  ]’887,  vok 
11.  p.  800. — 14.  Butel,  G.  La  Tuberciolosc  dcs  animaux  et  la  phthisis  hunun-ne,  Paris, 
1887,  p.  37. — 15.  CilAUVEAU.  Convpt.  rend,  du  Congris  pour  Vitude  de  la  Tuberculose, 
laris,  1889,  p.  157. — 16.  Daubleu. ' Monalschr.  f.  prakt.  Dermal.  1889,  p.  123.— 
17.  Degive.  “Transmission  de  la  tuberculose  par  la  vaccination,”  Oomplcs  rendus 
du  Congris  2>our  I’itude  de  la  Tuberculose,  Paris,  1889,  p. '157. — 18.  Final  Report 
R.C.V.  1896,  p.  103,  par.  396. — 19.  Final  Report  R.C.V.  1896,  pur.  431,  p.  112. 
20.  FiiissT.  Die  Pathologic  dcr  Schutzpiocken-Impfung,  Berlin,  1896,  pp.  57,  58. 

21.  Hutcuinson.  Illustrations  of  Clinical  Surgery,  fascic.  vi.  PI.  xxv.  (ig.  1. 

22.  International  clinische  Rundschau,  1889,  pp.  10,  72.-23.  Jo.sseuanu.  E.  Con- 
tnbutio7i  (i  Vitude  des  contaminations  mccinales,  Lyon,  1884,  p.  30.— 24.  Journal  of  the 
Leprosy  Investigation  Committee,  No.  4,  p.  32.-25.  Lennandeu,  K.  G.  “ Ett  fall  af 

liudtuberkulos,"  etc.,  Upsala  Ldkarefbrenings  Fbrhandlingar,  1889,  Bd.  xxv.  p.  65. 

25a.  Mackenzie,  J.  M.  “An  Inquiry  into  the  Relation  of  Vaccination  to  Infant 
Mortality  and  Acute  Concurrent  Infantile  Disease,”  Brit.  Med.  Jour.  1903,  vol. 
ii.  pp.  349-352. — 26.  Marocco.  “Impftuberculose,”  Archiv.  Ital.  di  Pediatria.  1889. — 
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sirter  Lyniphe,”  Eulenburg’s  Vicrteljahrsschrift  fur  gcrichtliche  Mcdicin,  Berlin,  ;i  882, 
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Conclusion  ^ 

General  considerations. — The  foregoing  pages  have  shewn  that  the 
danger  from  vaccination,  as  carried  out  in  the  United  Kingdom,  is  in 
individual  cases  very  small ; from  invaecinated  disease  it  is  almost  nil  : 
and  although  in  a fractional  percentage  of  cases  grave  complications  arise, 
in  almost  every  instance  they  are  due  to  inflammatory  or  septic  affections 
such  as  are  common  to  all  wounds,  and  are  found  to  depend  far  more  on 
various  extraneous  circumstances  than  on  any  properties  inherent  in  the 
lymph  itself.  Serious  results,  the  direct  consequence  of  constitutional 
affections  such  as  generalised  vaccinia,  or  of  cutaneous  eruptions  sueh  as 
impetigo  or  eczema,  will  probably  continue  to  occur  in  some  few  cases 
from  causes  which  cannot  at  present  be  foreseen ; but,  as  has  been  shewn, 
they  are  exceptional  and  their  number  small. 

Children  after  vaccination  are  at  all  times  liable  to  suffer  from  various 
harmless  rashes  of  an  erythematous  or  urticarial  type,  which,  though  for 
the  most  part  free  from  danger,  not  infrequently  give  rise  to  considerable 
distress.  Children  are  peculiarly  liable  to  such  eruptions  from  any  cause 
which  produces  local  irritation  or  disturbance  of  the  digestive  system. 
It  is  unlikely  that  any  precautions  in  the  selection  of  l3miph  would 

' This  .section  is  largely  fouinlej  on  a ineinoramlum  prepared  by  Sir  T.  Barlow  and  iny.self 
for  the  Royal  Commission  on  Vaccination.  1896  ; and  reference  is  frequently  made  to  the 
recomiueiuiatious  of  the  Commission,  q.r.  Final  Report  R.C.V.  pp.  113-116. 


VACCJ.VIA  n\  J/.-//V — A CLINICAL  STUDY 


74 


materially  lessen  the  number  of  such  cases ; but  it  is  essential  that  those 
who  have  the  care  of  vaccinated  children  should  be  scrupulously  exact 
after  the  operation  in  avoiding  all  extraneous  sources  of  irritation  to  the 
wounds,  more  especially  in  those  children  who  are  known  to  be  liable  to 
eczema  or  other  eruptions.  If  the  instructions  to  public  vaccinators 
under  contract  issued  b}'  the  Local  Government  Board  (1898)  are  cari’ied 
out  in  the  spirit  as  well  as  in  the  letter, — if  the  child  be  healthy,  its 
circumstances  wholesome,  the  lymph  carefully  prepared  and  properly 
used,  and  if  reasonable  care  be  exercised  after  vaccination,- — there  is  no 
doubt  that  the  dangers  of  the  operation  are  infinitesimally  small  (cf.  note, 
p.  G98). 

The  various  sources  of  risk,  and  the  safeguards  which  they  suggest, 
may  be  considered  under  the  following  headings: — The  child  and  its 
circumstances ; the  treatment  of  the  arm  j the  lymph,  and  methods  of 
preparation  ; the  vaccinator,  and  methods  of  vaccination. 

The  child. — Age. — Although  there  is  good  ground  for  believing  that 
under  favourable  conditions  vaccination  may  be  carried  out  successfully 
on  iufants  of  a few  days  old,  the  custom  in  some  infirmaries  and  lying-in 
institutions  of  vaccinating  children  shortly  after  birth  is  not  infrecjuently 
productive  of  dangerous  complications  ; and  the  practice  ^ is  to  be  dis- 
couraged except  at  times  when  there  is  danger  from  small-pox : in  this 
case  the  infant  should,  if  possible,  be  kept  under  observation  until  the 
arm  is  healed. 

There  are  two  obvious  sources  of  danger  in  vaccinating  very  young 
infants. 

i.  A considerable  number  of  the  children  born  in  oim  workhouses, 
infirmaries,  and  lying-in  charities  are  born  in  circumstances  which  entail 
distress  and  disgrace  on  the  mother ; consequently  they  are  often  feeble, 
and  sometimes  diseased. 

ii.  The  mother  may  take  her  discharge  and  leave  the  institution  just 
at  the  time  when  the  child’s  arm  is  most  inflamed ; thus  she  may  return 
to  conditions  of  life  which  cannot  fail  to  be  harmful  to  the  child. 

If,  from  the  jrrevalence  of  small-pox,  it  he  necessary  to  vaccinate  newly- 
born  children,  it  might  in  these  exceptional  cases  be  advisable  to  vaccinate 
in  two  or  three  places  only,  on  account  of  the  tender  age  of  the.  child. 
The  certificate  of  .successful  vaccination,  however,  should  be  withheld,  and 
any  parent,  whose  infant  was  thus  vaccinated,  might  be  required  to  have 
it  vaccinated  fully  at  the  expiration  of  a year  from  the  first  operation. 

Precious  Health  of  Child. — In  many  cases  which  I have  inquired  into,  the 
child,  previous  to  its  vaccination,  had  been  suffering  from  some  ailment 
which  could  not  fail  to  affect  its  general  health.  Among  these  may  be 
mentioned  convulsions,  diarrhoea  and  vomiting,  tuberculous  glands,  eczema, 
and  80  forth.  Again  in  several  cases  the  child  had  just  been  weaned,  or 
put  on  some  new  kind  of  food,  or  fed  unsuitably  or  insufficiently.  The 
vaccination  of  such  children  is  contrary  to  the  regulations  issued  by  the 
Local  Government  Board,  whicli  require  that  care  should  be  exereised  in 
' Kin.'il  Kfiport  K.f'.V.  p.  115,  p.nr.  441. 
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the  selection  of  children  for  vaccination  ; and  that  the  operation  should 
not  be  performed,  as  it  sometimes  is,  on  children  who  are  obviously 
unfit.  Now  that  the  time-limit  for  vaccination  has  been  extended  to  six 
months  it  will  give  vaccinators  more  freedom  in  this  selection,  and  enable 
them  to  defer  the  operation  when  the  child’s  health  is  uncertain. 

Cimimstances} — There  is  risk  (a)  in  vaccinating  children  in  houses  in 
which  there  are  cases  of  acute  infectious  disease : {b)  in  bringing  them  at 
the  time  of  vaccination  into  direct  or  indirect  contact  with  infectious 
disease  : (c)  in  exposing  them  to  possible  infection  from  sloughing  or  open 
wounds,  purulent  ophthalmia,  or  discharges  of  any  kind  : (^)  in  subject- 
ing them  after  vaccination  to  unhealthy  conditions,  such  as  result  from 
■gi'oss  sanitary  defects.  Cases  of  vaccinal  injury  resulting  presumably 
from  each  of  these  causes  have  been  investigated  and  recorded.  No 
open  wound  would  be  expected  to  pursue  a normal  course  under  such 
conditions ; but  persons  responsible  for  the  care  of  children  among  the 
poor  often,  from  ignorance  or  negligence,  disregard  the  most  ordinary 
precautions. 

It  is  desirable  that  simple  instructions  on  these  essential  points  shoidd 
be  given  to  every  person  who  has  a child  vaccinated ; and  the  form  of 
such  instructions  should  not  be  left,  as  it  is  at  present,  to  the  individual 
vaccinator.  Some  public  vaccinators  give  careful  instructions,  as  a matter 
of  routine ; but  the  practice  is  not  general. 

Attention  should  be  called  to  the  fact  that  whereas  inquiries  were 
made  for  the  Commission  into  cases  of  alleged  vaccinal  injuries  in  all  parts 
of  England,  not  a single  case  amongst  the  well-to-do  classes  came  under 
the  notice  of  Sir  T.  Barlow  or  myself.  With  few  exceptions  the  cases  of 
injury  which  we  investigated  occurred  amongst  the  poor  and  ill-fed,  living 
under  conditions  so  insanitary  that  it  was  well-nigh  impossible  that  the 
children  could  be  healthy.  In  this  class  the  lives  of  infants  are  exposed 
to  far  greater  dangers  than  in  the  well-to-do  classes;  and  even  a trivial 
operation  such  as  vaccination  must  be  attended  with  a certain  amount  of 
risk,  the  risk  being  dependent  far  more  on  the  condition  of  the  child  than 
on  the  nature  and  normal  effects  of  the  operation. 

Treatment  of  the  arm. — Treatment  of  Insertions. — Kisk  is  often  in- 
curred by  parents  who,  in  the  desire  to  lessen  the  severity  of  vaccination, 
wipe  the  lymph  off  the  arm  without  due  regard  to  the  manner  in  which 
this  is  done ; dirty  fingers  or  dirty  pocket-handkerchiefs  are  used,  and 
the  result  often  is  irritation  of  the  parts,  excessive  inflammation,  glandular 
abscess,  or  some  septic  complication. 

Treatment  of  Vesicles. — One  of  the  most  frequent  causes  of  vaccinal  in- 
jury is  the  ignorance  of  the  parents,  and  their  disregard  of  the  most 
elementary  rules  of  cleanliness.  Considering  the  variety  of  decomposable 
substances  which  are  sometimes  applied  to  the  vaccination  vesicles  in  a 
manner  well  calculated  to  accelerate  decomposition,  it  is  remarkable  that 
the  harm  done  is  not  greater  than  it  is  (cf.  Vaccinal  Ulceration,  p.  707). 
It  cannot  be  doubted  that  so  long  as  ignorance  prevails  as  to  the 
’ Filial  Report  R.C.V.  p.  11.5.  par.  44.'!. 
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importtance  of  cleanliness  ami  the  avoidance  of  mechanical  irritation  of  tlie 
wounds  cases  of  injury  will  occur  from  time  to  time.  The  only  Ava}’  to 
combat  these  dangere  is  to  instruct  the  parents  in  the  care  and  ti-eatment 
of  the  child  and  of  the  vaccinated  arm  before  and  after  operation. 

Shields. — In  many  cases  severe  inflammation  has  been  caused,  or 
certainly  aggravated,  by  the  use  of  shields.  The  shield  is  apt  to  rub  the 
scabs  off  the  vesicles  and  to  produce  an  open  sore.  This  danger  is  fui  ther 
aggravated  Avhen  these  shields  are  foul  with  pus  from  old  vaccination 
wounds,  as  they  not  infrequently  are  kept  and  used  for  one  child  aftei- 
another  without  being  cleansed.  In  all  cases  the  use  of  shields  should 
be  discouraged. 

Dirfi/  Sleeves. — A similar  source  of  danger  is  that  of  allowing  a pus- 
soaked  sleeve  to  rub  into  and  irritate  the  A^accinal  wounds.  Ulceration 
and  suppuration  frequently  arise  from  this  easily  removable  cause. 

Opening  of  Vesicles. — As  has  been  pointed  out,  the  majority  of  cases 
of  erysipelas  occur  after  the  first  week.  It  would  seem  to  be  desirable 
that  the  opening  of  the  vesicles  should,  as  far  as  possible,  be  aA^oided. 

The  lymph  and  method  of  storing. — The  lymph. — In  a small  pro- 
portion of  cases  the  lymph  has  been  found  primarily  and  directly 
responsible  for  Avaccinal  injury.  In  these  cases  the  fault  generally  lies  in 
the  application  or  use  of  the  lymph.  Certain  very  exceptional  cases 
have,  howeA’er,  occurred  in  which,  although  as  far  as  could  be  ascertained 
the  lymph  was  normal,  some  abnonnal  result — such  as  generalised  Amccinia 
— has  followed  its  use. 

Sources  and  Preparation,. — It  has  not  been  possible  to  determine  Avith 
any  precision  the  relative  frequency  Avith  which  complications  have  fol- 
lowed the  use  of  calf  or  of  humanised  l3mph,  or  the  use  of  lymph  stored 
on  points,  in  tubes,  or  as  a conserve.  Abnormal  residts  occasionally 
follow  the  use  of  each  of  them ; but  as  there  has  been  no  possibility  of 
determining  the  total  number  of  vaccinations  performed  in  each  Avay, 
there  are  no  data  for  ascertaining  the  relative  results  of  the  several 
methods  respectively. 

The  general  impression  left  upon,  me  by  mj'^  inquiries  is  that  vacci- 
nation direct  from  the  calf  tends  to  produce  more  severe  inflammatory 
reaction  than  that  which  has  been  glycerinated,  and  that  calf-lymph 
treated  Avith  glycerin  or  chloroform  is  free  from  most  of  the  objections 
which  haA’e  been  imged  against  humanised  or  crude  calf-lymph.  But  it 
should  not  be  forgotten  that  as  y,et  there  is  nothing  to  prevent  private 
practitioners  from  using  humanised  lymph,  or  lymph  imported  from 
abroad  Avithout  any  guarantee  (except  the  maker’s  reputation)  as  to  its 
origin.  Whilst  at  the  same  time  the  glycerinated  calf-l3'mph  prepared  under 
skilled  supervision  in  the  government  laboratories  is  issued  only  to  public 
vaccinators,  in  spite  of  the  recommendation  of  the  E.C.V.,  loc.  cit.  j).  llfl, 
par.  4.'57,  Avhich  is  as  follows  : — “ So  long  as  the  State,  Avith  a vicAv  to  the 
public  interest,  compels  the  vaccination  of  children,  so  long  even  as  it 
employs  public  money  in  promoting  and  encouraging  the  practice,  Ave 
think  it  is  under  an  obligation  to  provide  that  the  means  of  obtaining 
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calf-lymph  for  the  pui-pose  of  vaccination  should  bo  within  the  reach  of  all. 
We  have  no  hesitation,  therefore,  in  recommending  that  steps  should  be 
taken  to  secure  this  result.  "Whether  the  duty  of  providing  calf-lymph 
should  be  undertaken  by  the  Local  Government  Boards  in  the  several 
parts  of  the  United  Kingdom,  or  whether  some  other  method  would  be 
more  advantageous,  can  be  better  determined  by  those  who  have  had 
practical  acquaintance  with  the  working  of  the  vaccination  laws.” 

The  storage  of  lymph,  treated  Avith  glycerin,  in  tubes  ^ (as  now 
practised  by  the  National  Vaccine  Establishment) — each  tube  containing 
only  sufficient  lymph  for  one  vaccination — is  probably  the  method  least 
open  to  objection.  It  is  of  practical  importance  that  only  sufficient 
lymph  for  one  vaccination  should  be  contained  in  each  tube,  as  serious 
results  have  been  known  to  occur  from  the  use  of  a tube  of  lymph  which 
had  been  opened  for  a previous  vaccination. 

Vaccination  and  the  vaccinator. — Methods  of  Vaccination. — Cases  of 
severe  inflammation,  abscess,  erysipelas,  and  septic  infection  have  folloAved 
the  use  of  some  mechanical  vaccinator,  or  of  the  Cooper  Lose  needle. 
Such  mechanical  contrivances  to  shorten  the  process  of  vaccination  Avould 
Avith  adequate  sterilisation  do  no  harm,  and  might  serve  a useful  purpose  ; 
but  they  do  not  and  hardly  can  receive  the  vigilant  attention  Avhich  is 
required  to  keep  them  surgically  clean.  Their  use  should,  therefore,  be 
strongly  condemned ; and  attention  should  be  called  to  the  fact  that  it 
is  essential  that  instruments  used  in  vaccination  should  be  as  carefully 
sterilised  as  for  any  other  operation.  Nothing  but  an  ordinary  lancet 
or  needle  is  required,  and  the  instrument  should  be  much  more  thoroughly 
sterilised  than  is  frequently  the  case  ; this  can  best  be  done  by  immersion 
in  some  antiseptic  or  in  boiling  Avater,  and  by  Aviping  each  time,  after  use, 
on  a fresh  piece  of  sterilised  avooI.  Such  elementary  precautions  as  these 
are  not  always  observed  by  those  Avho  vaccinate,  although  they  are  insisted 
on  in  the  Local  Government  Board’s  instructions  to  public  vaccinators. 

Postponement  of  Vaccination. — In  all  cases  in  Avhich  A'^accination  has 
been  postponed  it  is  desirable  that  a certifleate,  stating  the  causes  of 
postponement,  should  be  produced  at  the  time  Avhen  the  child  is  sub- 
sequently vaccinated  ; so  that  the  risk  of  taking  lymph  from  the  vesicles 
of  a child  knoAvn  to  be  unhealthy  may  be  rigidly  excluded. 

Position  of  Pocks. — Ulceration  not  infrequently  results  from  placing 
the  insertions  so  near  together  that  the  vitality  of  the  tissues  betAveen 
them  is  destroyed,  and  a slough  is  produced.  This  risk  may  almost 
certainly  be  obviated  by  folloAAUng  the  Local  Government  Board’s  in- 
structions, and  leaAung  at  least  half  an  inch  betAveen  the  pocks. 

Repeated  Vaccination.- — In  a fcAv  cases  there  is  ground  for  believing  that 
harm  has  resulted  from  revaccinating  a child  a Aveek  after  a first  vaccina- 
tion has  proved  unsuccessful.  It  appears  to  be  desirable  that  vaccination 
should  not  be  repeated  until  at  least  four  Aveeks  have  elapsed  since  the 
date  of  the  first  insertion. 

1 Cf.  evidence  before  the  R.  C.  on  A'^accination  by  Dr.  Copeman,  and  in  Journ.  Path, 
and  Bacterial.  Edin.  and  London,  1894,  vol.  ii.  p.  407. 
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Certijicates  of  J'accination. — There  seems  to.be  a certsiiii  amount  of 
hardship  involved  in  the  fact  that  in  the  case  of  a private  patient  a 
certificate  of  successful  vaccination  may  be,  and  sometimes  is,  given  for 
a result  which  would  not  be  accepted,  and  rightly  so,  Ijy  a public 
vaccinator.  Instances  occur  in  which  a certificate  of  successful  vaccina- 
tion has  been  given  by  a private  practitioner  for  one  insertion  ; Avhereas 
four  insertions  would  bo  made  by  the  public  vaccinator.  It  is  obvious 
from  this  that  a certificate  of  successful  vaccination  has  no  definite 
meaning,  and  does  not  necessarily  shew  that  a child  has  been  properly 
vaccinated.  It  is  desirable  that  eveiy  certificate  of  vaccination  should 
specify  the  number  of  successful  insertions. 

Disirid  Xursing  in  regard  to  Vaccination. — It  is  part  of  the  duty  of  a 
public  vaccinator  to  attend  to  a child  in  case  of  any  serious  consequences 
of  vaccination.  But  in  populous  districts,  and  in  places  where  the 
ser^dces  of  a trained  nurse  are  available,  great  benefit  might  result  from 
having  a competent  person  to  act  under  the  direction  of  the  vaccinator, 
and  to  \nsit  at  regular  intervals  such  cases  as  at  the  first  inspection  might 
be  found  abnormal.  Many  cases  of  the  inflammatory  land  might  be 
quickly  relieved  by  boracic  lint,  fomentations,  or  simjDle  antiseptic 
methods  properly  applied.  JMoreover,  a trained  nurse  might  render 
material  service  in  instructing  the  poor  in  due  cleanliness,  and  in  the 
avoidance  of  injury  to  the  arm  in  dealing  with  their  vaccinated  children  ; 
she  coidd  also  give  timely  warning  of  the  danger  of  sanitary  defects 
or  of  exposure  to  infection  from  the  specific  fevers.  Many  accidental 
complications  might  thus  be  avoided. 

Summary. — To  secime  successful  vaccination,  cleanliness,  in  the 
surgical  sense,  the  careful  selection  of  lymph  fi'om  healthy  children 
whose  antecedents  are  known  if  humanised  lymph  be  used,  or  the 
e.xamination  of  the  calf  after  death  if  calf-lymph  be  used,  and  the 
postponement  of  vaccination  in  the  case  of  all  feeble,  cachectic  children, 
or  of  those  suffering  from  cutaneous  eruptions,  are  essential.  If  these 
simple  precautions  be  honestly  carried  out,  the  risk  of  invaccinated 
disease,  or  of  any  complication  resulting  directly  from  vaccination,  will  in 
the  great  majority  of  cases  be  obAuated. 

Since,  Avith  feAv  exceptions,  the  complications  Avhich  arise  are  not 
peculiar  to  vaccination,  it  is  unnecessary  to  speak  at  length  about  their 
treatment.  The  most  important  points  are.  to  keep  the  pocks  dry  and 
clean,  and  to  preserve  them  from  mechanical  injury.  They  may  be  dusted 
with  starch  and  iodoform  poAvder,  or  Avith  gallate  of  bismuth,  or  protected 
Avith  an  antiseptic  covering.  If  ulceration  should  occur  it  may  be  neces- 
sary to  use  some  stimulating  lotion,  such  as  solution  of  chloi'ide  of  zinc 
(grs.  10  to  40  to  the  ounce),  or  solution  of  hy])ochlorite  of  soda  ; but  as 
a rule  careful  Avashing  Avith  AA^arm  Avater,  or  Avith  a solution  of  boracic  acid 
(grs.  20  to  the  ounce),  Avill  suffice  Avithout  any  more  poAvcrful  application. 

The  treatment  of  such  complications  as  erysipelas,  glandular  abscess, 
eczema,  impetigo,  does  not  call  for  special  comment.  There  is  nothing  in 
them  peculiar  to  A-accination,  and  they  may  l)c  treated  Avithout  reference 
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to  the  foregoing  operation,  provided  only  that  the  pocks  themselves  be 
kept  free  from  injury,  and  in  a healthy  state.  Lastly,  it  is  above  all 
things  necessary  that  the  child’s  general  health  should  be  attended  to, 
and  that  it  should  not  be  vaccinated  immediately  after  -weaning,  or  after 
any  other  important  change  has  been  made  in  the  method  of  feeding. 
There  is  a general  disposition  to  regard  vaccination  as  so  trivial  an 
operation  that  no  precautions  are  necessary  to  ensure  the  well-being  of 
the  child,  and  to  foi’get  that  the  local  pock  is  but  the  expression  of  a 
constitutional  disturbance  which  is  effecting  a change  in  the  whole  being 
of  the  individual  under  operation. 

T.  D.  Acland. 
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What  vaccinia  is. 

Cow-pox  in  the  cow. 

Casual  cow-pox  in  man. 

Inoculated  cow-pox  in  man. 

Relationship  of  variola  and  vaccinia. 
Bacteriology. 

PU.ACTICE 

Collection  and  storage  of  vaccine  lymph. 
Glycerinated  lymph. 


Psorosperms  or  sporozoa  in  lymph. 

A small-pox  antitoxin. 

History  of  various  lymph-stocks. 
Morphology  and  chemistry  of  vaccine 
lymph. 

Histology  of  the  vaccine  vesicle. 

OF  Vaccination 
I Insertion  of  vaccine  lymph. 


What  is  vaccinia  ? — It  is,  in  the  human  subject,  a specific  commiini- 
calile  disorder  characterised  by  the  appearance  of  a local  eruption  passing 
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through  the  stages  of  papule,  vesicle,  aud  pustule,  associated  with  more 
or  less  constitutional  disturbance. 

These  symptoms  are  produced,  indiflferently,  by  the  inoculation  of 
lymph  derived  from  vesicles  similarly  brought  about  in  a previous  case  in 
the  human  being  or  the  calf,  or  from  the  eruptive  vesicles  of  a disease  of 
milch  cattle  Cidled  cow-pox.  Such  inoculation  process,  whichever  way 
induced,  is  known  as  vaccination.  This  name  was  originally  devised  by 
Dunning,  inspired  doubtless  by  the  terminology  of  Jenner,  vdio  wrote  of 
the  disorder  under  the  title  of  Variolse  vaccime.  In  this  manner  Jenner 
gave  expression  to  his  belief  that  the  malady  commonly  known  as  cow- 
{X)X  was  in  reality  nothing  more  or  less  than  small-pox  of  the  cow. 

But  soon  it  was  discovered  that  if  there  were  such  a malady  as 
“ small-pox  of  the  cow,”  there  was  also  a small-pox  of  the  horse,  which, 
under  the  name  of  “grease,”  was  resorted  to  as  a source  of  vaccine 
lymph.  Loy  was  the  first  to  distinguish,  in  any  satisfactory  fashion, 
constitutional  gr’ease  from  a’merely  local  affection;  and  thus  he  explained 
the  failure  of  many  experimenters  to  transmit  horse-pox  to  the  cow. 

That  a constitutional  disease  of  the  horse  characterised  by  a vesicular 
eruption  can  be  induced  by  the  inoculation  of  this  animal  with  the  virus 
of  cow-pox  or  vaccinia,  has  been  shewn  experimentally  by  Chauveau,  who 
injected  vaccine  lymph  subcutaneously,  and  also  into  the  lymphatics  and 
blood-vessels  of  colts.  In  nearly  half  the  number  of  cases  operated  on 
the  injection  of  the  lymph  was  followed  by  a generalised  eruption  which 
Chauveau  called  “ horse-pox.”  In  all  probability  Jenner  was  mistaken  in 
his  assumption  that  “ grease,”  in  the  sense  of  horse-pox,  was  a necessary 
antecedent  to  cow-pox ; but  at  the  same  time  there  can  be  little  doubt  that 
these  two  diseases  are  very  closely  allied,  if  indeed  they  be  not  identical. 

That  this  is  so  is  shewn  by  the  fact  that  numerous  strains  of  vaccine 
lymph  have,  from  time  to  time,  been  raised  from  the  equine  source — the 
protective  power  of  which  against  small-pox  we  have  reason  to  believe 
was  equal  to  that  of  lymph  of  undoubted  bovine  origin.  As,  however,  it 
is  obvious  that  cow-pox  was  the  source  of  the  lymph-stocks  first  intro- 
duced into  use  by  Jenner  and  his  contemporaries,  it  will  be  of  interest  to 
study  briefly  the  nature  and  clinical  appearances  of  this  disease  as  seen 
in  the  cow  and  also  in  man ; whether  accidentally  contracted  or  inten- 
tionally inoculated. 

Cow-pox  in  the  cow. — For  a description  of  cow-pox  in  its  typical  form, 
as  it  was  known  to  Jenner  and  his  contemporaries,  it  is  necessary  to  con- 
sult the  writings  of  the  early  part  of  the  last  century,  at  which  period  the 
attention  of  the  medical  and  scientific  world  had  been  specially  directed 
to  this  afi'ection  of  cows  % the  teaching  of  the  apostle  of  vaccination. 
Probably  the  most  trustworthy  accounts  are  those  published  by  Bryce  of 
Iklinburgh,  and  later  by  Ceely ; and  it  is  from  their  statements  that  the 
following  description  of  the  malady  is  derived. 

According  to  these  observers  this  affection,  when  once  set  agoing  in  a 
herd,  tends  to  spread  with  considerable  rapidit)q  the  “matter”  of  the 
ve.sicles  being  carried  by  the  bauds  of  the  milkers  from  one  cow  to 
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another.  It  makes  its  appearance  especially  in  the  spring  season,  and  is 
observed  upon  the  udders  and  teats  of  the  cows ; at  first  in  the  foi-m  of 
small  vesicles  containing  a limpid  fluid.  These  vesicles  are  of  a bluish 
or  livid  colour,  and  may  be  surrounded  with  considerable  erysipelatoid 
swelling  and  inflammation.  If  ruptured  the  vesicles  tend  to  become 
ii-rcgular  about  the  edges  ; and,  unless  care  be  then  taken,  are  very 
apt  to  degenerate  into  foul  and  troublesome  sores.  During  the  course 
of  the  affection  the  cow  is  not  infrequently  observed  to  be  in  bad 
health ; the  appetite  is  impaired,  the  temperature  is  above  normal,  and 
the  secretion  of  milk  may  be  considerably  diminished.  If  the  material 
from  the  vesicles  on  the  udders  or  teats  of  the  cows  happen  to  come  in 
contact  with  an  aljrasion  of  the  skin  of  the  milker’s  hand,  such  person 
is  apt  to  become  infected  with  the  disease.  When  the  ailment  is  com- 
municated in  this  manner  it  is  termed  casual  cow-pox  to  distinguish 
it  from  the  less  virulent  form  rvhich  is  intentionally  propagated  by  inocu- 
lation. Probably  the  more  severe  form  in  vVhich  casual  cow-pox  usually 
appears  is  to  some  extent  due  to  the  situation  of  the  resulting  vesicles, 
and  to  the  purulent  nature  of  the  secretion  from  the  sores  on  the  cows'" 
teats  or  uddei's. 

Casual  eow-pox  in  man. — AVhen  cow-pox  has  been  communicated  to 
the  milkers  in  the  casual  way,  small  inflamed  spots  appear  in  a few  days 
upon  the  hands,  more  particularly  about  the  joints  and  tips  of  the  fingers. 
These  spots  quickly  assume  the  appearance  of  small  blisters,  somewhat 
resembling  those  from  burns,  and  go  on  increasing  until  they  become 
large  vesicles  of  a circular  form,  with  a flat  or  rather  a concave  surface ; 
their  edges  being  considerably  elevated  above  their  centre.  They  have 
then  acquired  a somewhat  bluish  colour  and  are  found  to  contain  a 
limpid  fluid.  After  some  days  the  parts  around  the  base  of  these  vesicles 
become  considerably  swollen,  hard,  and  inflamed ; and,  as  the  affection 
advances,  they  may  assume  a somewhat  erysipelatous  appearance.  Pain  and 
some  degree  of  swelling  of  the  axillary  glands  now  denote  an  absorption 
by  way  of  the  lymphatics,  and,  with  the  usual  symptoms  of  fever,  mark 
a constitutional  affection  which  is  sometimes  so  severe  as  to  incapacitate 
the  person  from  following  his  usual  employment  for  some  days.  It 
does  not  appear,  however,  that  a general  eruption  ever  follows  even  on 
the  smartest  attack  of  casual  cow-pox.  After  a few  days  the  pain, 
inflammation,  and  hardness  of  the  surrounding  parts  gradually  abate; 
but  the  vesicles  not  infrequently  ulcerate  instead  of  becoming  encrusted 
and  drying  uj>.  These  ulcerations,  however,  gradually  heal  up  in  course  of 
time  without  occasioning  any  lasting  injury;  and  the  constitutional  aftection, 
although  severe,  is  usually  transient  and  unattended  with  danger  : there 
is  no  case  on  record  in  which  casual  cow-pox  has  proved  fatal. 

Inoculated  eow-pox  (Vaccination)  in  man. — In  the  cow-pox  induced 
by  inoculation  the  appearances  which  present  themselves  may  differ,  in 
some  respects,  from  those  which  have  been  described  as  occurring  in  the 
casual  disease.  Thus,  about  the  third  day  after  the  insertion  of  the  virus 
of  cow-pox,  either  by  puncture  or  by  slight  incision  in  the  arm,  a small 
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inHiimed  spot  may  be  observed  at  the  point  where  the  inoculation  was 
performed.  Next  day  this  spot  appears  still  more  florid  ; and,  on  passing 
the  point  of  the  finger  over  it,  a certiiin  degree  of  hardness  and  swelling 
is  readily  perceptible.  By  the  fifth  day  a small  pale  vesicle  occupies  the 
spot  where  the  inflammation  began ; and  the  aflection  begins  to  assume 
the  characteristic  appearance  of  cow-pox.  The  vesicle  has  now  a milk}^- 
white  colour  without  any  inflammatory  zone  around  it,  it  is  evidently 
depi’essed  in  the  centre,  and  its  edges  are  considerably  elevated.  For  the 
next  two  days  the  vesicle  increases  in  size  and  retains  the  same  character, 
so  that  by  the  seventh  day  it  may  have  acquired  very  considerable 
magnitude  ; if  the  inoculation  be  performed  by  a puncture,  it  assumes  a 
circular  form  ; if  done  by  an  incision,  an  oblong  form.  But  in  both  cases 
the  margin  is  regular  and  well-defined ; while,  the  centre  becoming  still 
more  depi’essed  and  the  edges  becoming  more  turgid,  the  whole  puts  on 
an  appearance  which  is  very  characteristic  of  this  particular  affection. 
About  the  eighth  day  from  the  time  of  inoculation  an  inflammatory  zone 
begins  to  appear  around  the  base  of  the  vesicle.  This  increases  for  two 
or  perhaps  three  days  more,  by  which  time  it  may  be  two  inches  or  wider 
in  diameter  and  of  a bright  red  coloui'.  At  this  period,  also,  the  vesicle 
still  retains  its  concave  appearance ; a central  crust  has  commenced  to 
form  and  begins  to  assume  a dark  or  brownish  colour.  About  the  eleventh 
day  the  vesicle  has  attained  its  greatest  magnitude,  and  the  surrounding 
inflammation  begins  to  abate.  The  fluid  in  the  vesicle,  which  before  Avas 
thin  and  transparent,  is  now  more  viscid  and  slightly  turbid.  After  this 
period  the  whole  becomes  quicldy  com'^erted  into  a smooth,  shining,  and 
somewhat  translucent  dry  crust  of  a dark  brownish  or  red  coloui*.  This 
crust,  unless  forcibly  removed,  will  adhere  for  a week  or  more  and  then 
fall  off,  leaA'ing  the  skin  beneath  apparently  sound,  but  livid  for  a time, 
and  more  or  less  permanently  scarred. 

In  children  little  else  than  the  above  local  process  is  usually  notice- 
able ; but  in  adults  constitutional  symptoms  are  apt  to  be  somewhat  more 
severe.  About  the  eighth  day  from  the  time  of  inoculation  the  glands  in 
the  axilla  may  become  a little  swollen,,  and  usually  there  is  some  pain  and 
stiffness  on  moving  the  arm.  Headache,  shiA^ering,  a rapid  pulse,  and 
other  febrile  symptoms  occasionally  present  themselves ; and  these  may 
persist  for  a period  varying  from  a feAv  hours  to  tu^  or  more  days. 

The  relationship  of  variola  and  vaccinia. — Almost  from  Jenner’s 
day  the  value  of  the  practice  of  A^accination  has  been  impugned  by  some 
on  the  plea  that  inoculation  of  one  disease — “coAA^-pox” — could  not  be 
expected  to  exert  any  really  protective  action  against  the  disease  of 
small-pox,  supposed  to  be  totally  different.  And,  if  the  thesis  of  essential 
difference  between  these  maladies  Avere  capable  of  demonstration,  no 
doubt  the  objection  Avould  be  of  considerable  Aveight.  For  there 
exists  little  well -authenticated  evidence,  if  any,  that  the  living  vii’us  of 
one  di.sease  is  caj)able,  when  inoculated  into  an  animal,  of  afl’ording  pro- 
tection again.st  the  effects  of  inoculation  of  the  virus  of  another  and 
ffffally  different  disease  ; although,  no  doubt,  Avhen  tAvo  different  viruses 
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are  inoculated  at  nearly  one  and  the  same  time  the  incubation-period  of 
the  second  infection  may  be  somewhat  prolonged. 

During  the  long  period  which  has  now  elapsed  since  the  introduction 
of  vaccination,  many  observers  have  attempted,  by  experimental  methods, 
to  solve  the  problem  of  the  true  relationship  of  variola  to  vaccinia. 
These  attempts  have,  for  the  most  part,  been  directed  to  the  possi- 
bility of  giving  rise  to  cow-pox  by  the  introduction,  in  one  or  another 
manner,  of  the  matter  of  small-pox  into  the  system  of  the  bovine  animal. 
In  the  great  majority  of  such  attempts,  which  are  vastly  more  numerous 
than  is  generally  supposed,  the  results  have  been  altogether  negative. 
Such  was  generally  the  case,  not  only  in  the  experiments  of  Sonderland, 
Ceely,  Chauveau,  and  others,  who  endeavoured  to  introduce  the  contagion 
through  absorption  by  the  respiratory  or  circulatory  organs,  but  also  in 
the  still  greater  number  of  attempts  to  bring  about  infection  of  the 
system  by  means  of  inoculation  on  the  skin.  In  certain  instances, 
however,  these  inoculation  experiments  have  been  attended  by  results 
which  as  shewn  in  the  Report  of  the  Royal  Commission  on  Vaccination 
fall  into  one  or  other  of  three  categories  : — 

'The  first  category  includes  the  experiments  in  which  the  inoculation 
of  small-pox  matter  into  the  udder,  or  adjoining  pai'ts,  of  the  bovine 
animal  gave  rise,  at  or  near  the  seat  of  inoculation,  to  a vesicle,  either 
identical  in  visible  characters  ■with  the  ordinary  vaccine  vesicle  produced 
by  inoculation  with  the  matter  of  cow-pox,  or  to  a vesicle  the  features  of 
which,  while  not  corresponding  wholly  with  those  of  a perfect  vaccine 
vesicle,  so  closely  resembled  it  as  to  justify  the  recognition  of  the  vesicle 
as  a vaccine  vesicle.  Also  it  includes  experiments  in  which,  though  the 
local  result  had  not  the  characters  of  a perfect  vaccine  vesicle,  yet  lymph 
from  it,  when  carried  through  a second  or  third  remove  in  the  cow  or 
calf,  presented  results  fully  manifesting  those  characters  ; and  when  again 
transferred  to  man  gave  results  undistinguishable  from  the  ordinary  vaccine 
vesicle.  Indeed,  lymph  of  such  a pedigree  has  come  into  general  use  for 
vaccination  purposes.  Of  these  experiments,  the  best  known  and  most 
quoted  are  those  of  Thiele  (1838),  Ceely  (1840),  Badcock  (between 
1840  and  1860),  Voigt  (1881),  Haccius  and  Eternod  (1890),  King 
(1891),  Simpson  (1892),  and  Hime  (1892);  but  there  are  several  other 
experimenters.  The  details  of  the  experiments  are  very  scanty  in  the 
cases  of  Thiele  and  Badcock ; but  more  full  in  the  others,  especially 
perhaps  in  those  of  Ceely  and  Haccius. 

In  the  second  categary  may  be  placed  the  experiments  of  Drs.  Klein  and 
Copeman.  Dr.  Klein,  who  in  1879  had  obtained  in  thirty-one  trials  what 
then  a]3peared  mere  negative  resiilts,  found  in  a renewed  research  in 
1892  that  the  result  of  the  first  inoculation  in  the  calf  of  small-pox 
matter  was  not  a distinct  vesicle,  but  merely  a thickening  and  redness  of 
the  wound.  Lymph  pressed  from  the  thickened  wound,  when  inoculated 
into  a second  calf,  produced  a like  but  rather  more  marked  result ; while 
the  thickening  and  reddening  still  further  increased  as  the  process  was 
repeated  in  a third  and  in  a fourth  calf.  Lymph  squeezed  from  the 
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wounds  of  !i  fourth  calf  produced  in  a child  typical  vaccinia,  and  crusts 
from  the  child  produced  in  turn  typical  vaccinia  in  a calf.  The  writer, 
in  his  earlier  experiments,  obtained  somewhat  similar  results ; the 
appearances  increased  in  three  removes  and  approached  those  of  typical 
vaccinia,  but  did  not  reach  them. 

The  third  category  consists  of  the  residts  obtained  in  an  elaborate 
inquiry  coiulucted  by  a Commission  of  the  Society  of  Medical  Sciences 
at  Lyons,  with  Chauveaxi  at  its  head.  These  results,  reported  in  1865, 
were  briefly  as  follows : — Inoculation  of  the  cow  or  heifer  with  small-pox 
matter  in  any  one  of  the  thirty  animals  used  did  not  give  rise  to  a vaccine 
vesicle : nevertheless  a definite  result  was  obtained,  in  the  fonn,  how- 
ever, not  of  a vesicle,  but  of  a thickening  and  inflammation  of  the  wound ; 
when  a punctm-e  had  been  made  this  became  a papule ; lymph  squeezed 
from  such  a papule,  and  inserted  into  a second  animal,  gave  rise  to  a like 
ixipule ; and  this  again  might  be  used  for  a third  animal,  but  often 
failed ; and  the  effect  could  in  no  case  be  carried  on  through  more  than 
three  or  four  removes.  AYhen  the  inoculation  was  repeated  on  an  animal 
on  which  a pre\dous  inoculation  had  produced  such  a papule,  no  distinct 
papide  was  formed ; and,  moreover,  lymph  squeezed  from  the  seat  of  the 
latter  inoculation  produced  no  effect  at  all  when  used  for  the  subsequent 
inoculation  of  another  animal.  There  is  evidence  that  the  development 
of  the  papule  was  the  result  of  the  specific  action  of  the  virus.  This 
inference  is  strengthened  by  the  fact  that  no  such  papule  was  produced 
by  the  Lyons  Commission  when  the  small-pox  matter  was  inserted  into 
an  animal  which  had  previously  had  cow-pox  naturally  or  artificially  ■,  as 
well  as  by  the  fact  that  when  an  attempt  was  made  to  vaccinate,  with 
vaccine  lymph  of  proved  efficacy,  an  animal  on  which  a papule  had  been 
so  developed  by  inoculation  with  small-pox  matter,  the  vaccination  failed  ; 
though  the  animal  had  never  had  natural  cow-pox  nor  been  vaccinated. 

The  specific  nature  of  the  lymph  of  the  “Lyons”  papule  is  held  to  be 
shewn  by  the  fact  that  such  lymph,  when  used  on  the  human  subject, 
gave  rise  to  small-pox.  On  the  other  hand,  it  has  been  urged  that  in 
this  case  the  virus  jjroducing  the  effect  was  simply  the  original  small-jxox 
matter  used  in  the  inoculation,  producing  the  papule  and  still  clinging 
to  the  wound.  This,  however,  is  considered  to  be  disjmoved  by  the  ex- 
perience that  lymph  from  a “ Lyons  ” papule  of  the  second  remove  also 
gave  rise  in  the  human  subject  to  small-pox.  Thus,  Chauveau  and  his 
Commission  found  that  small-pox  implanted  in  the  bovine  animal  gave  rise 
to  a specific  effect  which  was  not  cow-pox,  but  was  of  the  nature  of  small- 
Jx^x ; though  its  manifestations  in  the  cow  were  different  from  those  of 
3mall-[xjx  in  man. 

With  the  exception,  then,  of.  Chauveau  and  his  colleagues  of  the 
T..yon3  Commi.s.sion,  all  the  observers  mentioned  claim  to  have  obtiiined 
positive  results — in  a certain  number  of  their  e.\'periments,  at  any  rate — 
as  regards  the  production  of  typical  vaccinia,  after  one  or  more  removes, 
as  the  result  of  variolation  of  the  calf. 

By  no  one,  prior  to  the  writer’s  more  recent  experiments,  had  success 
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been  constantly  attained ; and  it  is  among  tlie  ex2)eriments  of  the  earlier 
observers  especially,  who  made  use,  for  the  most  jiart,  of  heifers  and 
milch  cows,  that  the  largest  proportion  of  abortive  attempts  are  to  be 
mot  Math.  Subsequent  experience  has  shewn  that  success  is  much  more 
likely  to  be  attained  if  calves  bo  used  instead  of  heifers  or  cows.  In 
this  way,  perhaps,  Ohauveau’s  somewhat  anomalous  results  may  be  in 
part  explained. 

In  seeking  an  explanation  of  the  difficulty  so  frequently  encountered 
in  experimental  attempts  to  transmit  human  small-pox  to  the  bovine 
races,  attention  may  profitably  be  directed  to  the  fact,  not  perhaps 
sufficiently  realised,  that  a great  deal,  at  any  rate,  of  the  small-pox  which 
Mms  prevalent  at  the  time  that  Jenner  lived  and  wrote,  was  of  that  com- 
paratively mild  variety  which,  under  the  name  of  inoculated  small-pox, 
was  intentionally  produced  in  healthy  subjects,  with  the  object  of  thereby 
conferring  protection  against  subsequent  attack  by  the  disease  in  a 
virulent  form.  So  mild,  indeed,  at  times,  were  the  results  of  inoculations 
in  the  hands  of  such  operators  as  Adams  and  the  brotlufrs  Sutton  that, 
as  we  learn  from  contemporary  records,  in  many  instances  but  little 
obvious  effect  was  observed,  with  the  exception  of  the  local  vesicle 
arising  at  the  site  of  insertion  of  the  small-pox  virus,  and  the  patients 
suffered  but  little  inconvenience.  Thus,  more  particularly  in  certain  of 
Adams’  cases,  as  may  be  gathered  from  his  own  account  of  the  circum- 
stances, the  visible  effect  jiroduced  so  closely  resembled  the  results  then 
beginning  to  be  known  as  following  on  the  Jennerian  process  of  vaccina- 
tion, that  numbers  of  his  patients  were  Math  difficulty  persuaded  that  he 
had  not,  contrary  to  their  desire,  intentionally  vaccinated  rather  than 
variolated  them.  The  gradual  evolution  of  a strain  of  lymph  of  such 
tenuity,  according  to  Adams  himself,  was  obtained  by  attention  to  the 
mode  of  life  and  general  treatment  of  persons  undergoing  the  process, 
together  with  careful  selection  of  the  “ source  ” (preferably  the  “ primary 
vesicle  ”)  from  which  the  virus  was  obtained.  The  majority  of  persons 
thus  inoculated  are  not  likely  to  have  been  incapacitated,  as  the  result  of 
the  oj^eration,  to  a much  greater  extent  than  are  those  Mffio  undergo 
efficient  vaccination  at  the  present  day,  and,  doubtless,  therefore,  they 
would  be,  for  the  most  jjart,  caj)al)le  of  folloMdng  their  ordinary  avocations 
during  the  ^irocess  of  the  induced  disorder.  On  the  other  hand,  this 
wouhl  have  hardly  been  possible  in  the  case  of  persons  contracting  small- 
J50X  in  the  ordinary  way,  among  Mdiom  the  disease  M’as  aj3t  to  exhibit 
such  virulence  as  to  account  for  the  death  of  perha^^s  50  per  cent  of 
those  attacked. 

Not  only  were  the  effects  following  on  inoculation  com2)aratively  mild, 
but  the  disease,  in  this  form,  was  intentionally  brought  into  many  country 
districts  which  otherwise  might  not  have  become  invaded  by  small-j3ox. 
In  the  light  of  these  facts,  it  occurred  to  the  winter  that  it  ivas  not  im- 
probably from  the  inoculated  form  of  small-pox,  rather  than  from  the 
ordinary  variety  of  the  malady,  that  much,  at  any  rate,  of  the  coM--pox, 
in  the  pre-vaccination  era  was  derived.  It  is  not  difficult  to  understand 
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how  the  cracks  so  often  found  on  the  udders  of  cows  might  become 
infected  by  a milker  with  fingers  contaminated  )>y  contact  with  the 
inoculation  sore  upon  his  arm.  The  writer  determined,  therefore,  to  put 
the  matter  to  the  test,  and  in  default  of  inoculated  small-pox  in  the 
human  subject,  the  necessary  material  was  experimentally  obtained  from 
the  monkey,  an  animal  which  is  readily  susceptible  to  the  inoculated 
disease.  The  results  of  this  investigation  may  be  briefly  summarised 
as  follows : — 

In  each  of  four  separate  series  of  experiments  the  human  small-pox 
lymph  or  pulp  was  first  inoculated  directly  on  calves,  and,  in  every 
instance,  so  far  as  could  be  observed,  vdth  altogether  negative  results. 
But  with  monkeys,  success  was  as  invariably  obtained,  and  when,  after 
one  or  more  passages  through  this  animal,  the  contents  of  the  local 
inoculation-vesicles  were  employed  for  insertion  on  the  calf,  an  effect 
was  now  produced  which,  after  two  or  three  removes  in  that  animal, 
was  indistinguishable  from  typical  vaccinia.  Moreover,  from  the 
contents  of  vesicles  raised  in  this  manner  on  the  calf,  a number  of 
children  have,  in  turn,  been  vaccinated,  some  of  whom  were  afterwards 
kept  imder  observation  for  as  long  a period  as  a couple  of  months. 
Every  such  vaccination  “ took  ’’  normally,  and  in  no  case  Avas  any  bad 
result  subsequently  observed;  no  “generalisation”  of  the  eruption 
occitrring  in  any  instance. 

Since  then  it  can  be  conclusively  proved  that  small-pox  lymph,  by 
passing  through  the  system  of  the  calf,  Avith  or  Avithout  the  monkey  as 
intennediary,  can  be  so  altered  in  character  as  to  become  deprived  of  its 
power  of  causing  a generalised  eruption,  Avhile  inducing  at  the  site  of 
inoculation  a vesicle  undistinguishable  from  a typical  vaccine  vesicle ; 
and  more  important  still,  since  it  can  be  shewn  that  when  transferred 
again  to  man,  it  has  by  such  treatment  completely  lost  its  former  power 
to  produce  a general  disease,  it  may  fairly  be  asserted  that  coA\^-pox — 
or  rather,  that  artificially  inoculated  form  of  the  disease  Avhich  Ave  term 
vaccinia — is  nothing  more  nor  less  than  variola  modified  by  transmission 
through  the  bovine  animal.  Perhaps  the  most  reasonable  interpretation 
of  such  results  may  be  that  small-pox  and  A'accinia  are  both  of  them 
descended  from  a common  stock— from  an  ancestor,  for  instance,  Avhich 
resembled  vaccinia  far  more  than  it  resembled  small-pox.  It  is  conceiv- 
able, indeed,  that  the  seeming  vaccinia,  obtained  in  the  calf  by 
inoculation  of  small-pox  matter  into  that  animal,  may  after  all  be  but 
a reversion  to  an  antecedent  type ; and  in  this  connexion  Ave  may  call  to 
mind  a fact  of  universal  experience,  namely,  that  vaccinia,  hoAA^ever  it 
may  have  arisen  in  the  past,  or  is  made  to  appear  in  the  jjresent, 
exhibits  little  tendency  to  “ sport  ” (as,  for  instance,  by  manifesting  a 
“ generalised  erui>tion  ”)  in  the  direction  of  small-pox. 

^Ir.  Ficton  and  Dr.  (now  Sir  W.)  Collins,  in  their  addendum  to  the 
liepr/rt  of  the  Hoyal  Commi^ssion  on  Vaccination,  lay  much  stress  on  the  Avant 
of  “evidence  to  shcAv  that  inoculation  of  the  ])Ox  of  the  coav  on  the 
human  skin  has  ever  produced  small-pox.”  Variola  and  vaccinia  may, 
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nevertheless,  liave  a common  ancestry,  since  it  is  not  unlikely  that 
variola  may  have  departed  widely  from  the  original  type,  and  have 
gained  an  exalted  virulence  by  successive  reproduction  in  man  under 
conditions  favourable  to  its  propagation  and  activity.  If  this  evolution 
of  the  disease  has,  in  fact,  taken  place,  variola  may  have  suddenly 
reverted,  under  greatly  changed  conditioiis,  to  an  ancestral  type.  But 
the  reverse  process  is  not  to  be  expected.  It  is  most  unlikely  that  a 
less  differentiated  form,  also  emanating  from  the  common  ancestial  stock, 
should  attain  to  the  most  exalted  virulence  in  a single  individual,  and 
per  saltum  declare  itself  as  small-pox,  as  the  dissentient  Commissioners 
insisted  that  it  ought  to  do. 

Bacteriology  of  vaccinia  and  variola. — We  owe  the  first  step  to- 
wards the  elucidation  of  the  micro-pathology  of  vaccinia  to  Chauveau  and 
to  Burdon-Sanderson,  who  by  means  of  filtration  and  deposit  experiments 
demonstrated,  almost  concurrently,  that  vaccine  lymph,  when  freed  from 
its  contained  particles  and  inoculated  on  a living  animal,  no  longer  causes 
vaccinia ; Avhile,  on  the  other  hand,  the  precipitate  or  deposit  when 
employed  in  similar  fashion  remains  capable  of  producing  the  disease. 

In  consequence,  numerous  bacteriologists  have  since  devoted  themselves 
to  the  search  in  vaccine  lymph  for  a micro-organism  to  which  the 
special  and  peculiar  efiect  resulting  on  the  inoculation  of  such  lymijh  is 
due.  Owing,  however,  to  the  immense  amount  of  work  on  the  subject 
which  has  been  published  even  within  recent  years,  it  Avould  be  un- 
profitable here  to  attempt  to  set  out  any  detailed  account  of  such  work. 
But  it  may  be  stated  that  the  evolution  and  development  of  the  vesicle 
is  liable  to  be  accompanied  by  the  appearance  of  vast  numbers  of  bacteria, 
of  one  and  another  kind,  the  ancestors  of  which  Avere  probably,  to  some 
extent  at  any  rate,  introduced  beneath  the  surface  of  the  skin  at  the 
time  of  performance  of  the  vaccination,  since  the  purer  the  lymph  and 
the  greater  the  antiseptic  precautions  observed  in  connexion  with  the 
operation,  the  less,  as  a rule,  will  be  the  number  of  bacteria  in  the 
resulting  vesicle.  The  results  of  all  the  more  recent  investigations  on 
the  bacterial  flora  of  calf-vaccine  clearly  demonstrate  the  fact  that  calf- 
Ijunph  (or  rather  vesicle-pulp)  usually  contains  a large  number  of 
micro-organisms  Avhich  are  in  no  way  concerned  with  its  specific  activity, 
and  to  which,  for  this  reason,  the  writer  originally  applied  the  term 
“ extraneous.”  Those  species  which  are  most  commonly  met  with  are, 
morphologically  and  culturally,  identical  with  the  staphylococci  found 
in  pus,  viz.  the  Staphylococcus  pyogenes  aureus,  albus,  and  cereus  jlavus. 
Occasionally  the  streptococcus  of  pus  may  be  i)resent,  as  also  the 
Staphylococcus  ciireus.  It  should  be  stated,  hoAvever,  that  the  fact  that 
in  vaccine  lymph  micro-organisms  are  found  which,  in  certain  circum- 
stances, are  known  to  be  provocative  of  suppuration  does  not  in  any 
way  imply  that  the  lymph  in  which  they  occur  is  purulent,  or  that, 
if  such  staphylococcus-infected  lymph  Avere  employed  for  A'accination  of 
the  human  subject,  suppuration  Avould  necessarily  ensue.  Other 
microbes  of  a purely  saprophytic  nature  that  are  met  with  include  the 
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common  hay  bacillus,  Bacillus  mesentericus,  ^'arieties  of  proteus,  yeasts, 
moukls,  and  sarcinie.  These,  however,  can  for  the  most  part  be 
excluded  by  careful  manipulation,  so  that,  in  vesicle- pulp  Avhich  has 
been  collected  with  all  due  precautions,  nothing  is  usually  found  beyond 
some  one  or  more  of  the  four  mentioned  first  staphylococci,  of  which  a 
white  staphylococcus  is  perhaps  most  common,  and  possibly  one  or 
more  yeasts. 

In  1894  the  writer,  concurrently  with  Dr.  Klein,  recorded  the 
observation  that,  in  sijecially  stained  specimens  of  vaccine  and  A'ariolous 
lymph,  taken  at  a period  antecedent  to  full  maturity  of  the  vesicles,  the 
presence  of  bacilli  of  extremely  small  size  and  in  practically  pure  culture 
can  be  demonstrated.  These  bacilli  cannot  be  found,  or  only  with 
difficulty,  in  mature  lymph,  for  the  reason,  probably,  that  they  have  by 
then  given  rise  to  spores.  For  some  time  it  appeared  impossible  to 
obtain  further  evidence  as  to  the  role  of  these  bacilli,  as  they  altogether 
refused  to  grow  on  any  of  the  ordinary  culture  media,  and  under  either 
aerobic  or  anaerobic  conditions,  though  this  very  fact  tends  to  shew 
that  they  are  not  of  a merely  saprophytic  nature.  On  the  other  hand, 
the  fact  that  these  apparently  identical  bacilli  are  to  be  found  both 
in  vaccine  and  in  variolous  lymph  of  about  the  fifth  day  of  eruption, 
tends  to  support  the  hypothesis  that  they  constitute  the  active  contagium 
of  the  diseases  in  cpiestion.  Although  not  capable  of  growth  on  gelatin, 
agar,  serum,  and  so  forth,  cultures  of  these  small  bacilli  tvere  eventually 
obtained,  in  some  fetv  out  of  a large  number  of  experiments,  by 
inoculation  into  hens’  eggs,  which  were  subsequently  incubated  at  a 
temperature  of  37°  C.  for  periods  ranging  from  a fortnight  to  a month. 
And  as  recorded  elsewhere,  in  certain  instances  calves  inoculated  tvith 
the  contents  of  these  eggs  exhibited  by  the  third  remove  a vesicular 
eruption,  the  lymph  obtained  from  which  was  successfully  employed  for 
the  vaccination  of  a large  number  of  children. 

Psorosperms  or  sporozoa  in  lymph. — In  consequence,  no  doubt,  of 
the  apparent  impossibility  of  isolating  from  vaccine  lymph  any  bacterium 
which  could  be  regarded  as  peculiar  to  vaccinia,  several  observers  have 
sought  to  prove  that  organisms  of  a somewhat  higher  order  than  bacteria 
might  be  concerned  in  the  itroduction  of  this  malady,  and  also  of  variola. 
For  instance,  bodies  believed  to  be  of  the  nature  of  ‘‘psorosperms”  or  sporozoa 
Lave  been  described  in  and  among  the  epithelial  cells  of  an  inoculated 
area  by  Pfeiffer,  Cfuarnieri,  Monti,  van  der  Loefif,  Doehle,  and  Sicherer 
on  the  Continent ; by  Dr.  Euffer  and  Mr.  Jackson  Clarke  in  this  country  ; 
and,  more  recently,  by  Councilman,  Calkin,  and  their  eollaborateurs 
in  America.  Dr.  Kufter  and  Mr.  Plimmer  described  the  alleged  2)arasite 
as  a small  round  body  which  sometimes  appears  to  have  a more  darklj' 
staining  centre.  It  is,  they  say,  about  four  times  the  size  of  an  ordinary 
staphylococcus,  and  generally  lies  in  a clear  vacuole  in  the  protoplasm  of 
the  epithelial  cells  of  the  stratum  IMalpighii,  and  occasionally  indents  the 
nucleu-s,  though  it  hits  not  been  found  enclosed  in  the  latter  bod3^  These 
obsen.‘ers  state  that  they  have  found  the  same  organisms  in  sections  of 
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skin  from  smull-pox  patients  and  in  small-pox  pustules  of  the  larynx  and 
trachea.  Pfeiffer  describes  similar  bodies,  not  only  in  the  epithelial  cells 
of  the  vaccine  vesicle,  but  likewise  in  all  other  vesicular  eruptions  of  man 
and  the  lower  animals.  Pfeiffer,  Guarnieri,  Puffer  and  Plimmer  all  assert 
that  these  parasites  exhibit  very  slow  amoeboid  movements.  (For  a de- 
scription of  Cytoryctes  see  Professor  Minchin’s  article  on  “ Protozoa  ” in 
the  volume  on  Ti-opical  Diseases  and  Animal  Parasites.) 

"I’liere  can  be  no  doubt,  of  course,  as  to  the  occurrence  of  the 
appearances  described,  although  we  may  not  be  prepared  to  accept  the- 
interpretation  put  upon  them ; and  in  this  connexion  it  is  well  to  bear  in 
mind  that  the  bodies  enclosed  in  cells  described  by  Guarnieri,  Monti, 
and  Ruffer  are  said  by  them  to  differ  essentially  in  their  staining  reaction 
and  in  their  appearance  from  those  of  Pfeiffer,  van  der  Loeff,  and  others. 
It  may  be  added  also  that  no  such  bodies  have  been  satisfactorily 
demonstrated  in  vaccine  lymph  itself.  It  is  therefore  not  improbable 
that  the  “ parasites  ” in  question  represent  merely  the  result  of  a 
specific  irritation  of  the  epithelial  cells  of  the  skin,  consequent  on  the 
inoculation  of  vaccine  lymph  containing  the  living  virus  of  the  disease. 

A Small-pox  Antitoxin. — Inspired  by  the  investigations  of  Tizzoni 
and  Cattani  on  tetanus,  and,  later,  of  Behring  on  diphtheria,  attention  has 
been  directed  -for  some  time  past  to  the  production,  if  possible,  of  an 
antito.xic  serum,  which  might  be  of  use  in  the  treatment  of  small-pox,  for 
when  once  this  disease  is  fully  manifested  vaccination  is  practically  of 
no  avail.  The  results  of  experiments  in  this  direction  recorded  by  difierent 
oliservers  are,  however,  somewhat  conflicting. 

Thus  Kramer  and  Boyce  Avere  unable  to  produce  any  immunity 
even  with  largo  doses  of  serum  from  vaccinated  calves ; and  Beumer 
and  Peiper  arrived  at  a similar  conclusion.  On  the  other  hand, 
Kinyoun,  and  Hlava  and  Houl  claim  successful  results ; but,  so  far  as 
can  be  judged  from  their  publications,  such  claim  would  appear  to  rest  on 
somewhat  slender  foundation  ; although  Hlava  and  Houl  state  that  in  one 
instance  the  injection  of  their  serum  to  the  extent  of  0'6  to  PO  c.c.  per 
kilo  of  body-Aveight  of  the  experimental  calf  entirely  prevented  the  action 
of  vaccine  lymph  inoculated  four  days  later.  They  have  not  as  yet  put 
on  record  any  experiment  Avith  variola. 

The  fullest  and  most  recent  contribution  to  this  subject  is  that  of 
Beclere,  Chambon,  and  Menaixl.  The  conclusion  at  Avhich  these  authors 
arrive  is  that  the  serum  of  a vaccinated  heifer,  gathered  after  the  drying 
of  the  pustules,  immunises  to  a certain  extent  against  the  effects  of 
subsequent  A’^accination ; but  the  diagrams  Avith  Avhich  the  paper  is 
illustrated  shew  that  the  antagonism  is  by  no  means  complete. 

History  of  various  lymph-stocks. — Jenner’s  first  case  of  A^accination 
Avas  that  of  a boy,  eight  years  of  age,  whom  he  inoculated  on  the  arm 
Avith  coAV-pox  matter  taken  from  a sore  on  the  hand  of  a dairymaid  Avho 
in  turn  had  become  infected  Avith  the  disease  from  milking  coavs  suftering 
from  cow-pox.  This  Avas  in  179C  ; but  it  Avas  apparently  not  until  tAvo 
years  later,  in  1798,  that  he  made  his  first  attempt  to  carry  on  a strain 
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of  lymph  from  arm  to  arm.  In  the  spring  of  that  year  he  inoculated  a 
child  with  matter  taken  ilirectly  from  the  nipple  of  a cow ; and  from  the 
resulting  vesicle  on  the  arm  of  this  child  first  operated  on,  he  inoculated, 
or,  as  it  may  now  be  moi’e  correctly  termed,  “ vaccinated  ” another.  From 
this  child  several  others  were  vaccinated ; from  one  of  these  a fourth 
remove  was  carried  out  successfully,  and  finally  a fifth.  Four  of  the 
children  were  subsequently  inoculated  with  small-pox — the  “variolous 
test  ” — without  i-esult. 

At  this  point,  however,  the  strain  appears  to  have  been  allowed  to 
die  out;  but,  in  January  1799,  Woodville,  one  of  the  physicians  to  the 
Small-pox  Hospital  in  London,  who  had  been  much  interested  in  Jenner’s 
investigations,  discovered  the  presence  of  cow-pox  in  a dairy  in  Gray’s 
Inn  Lane.  "With  lymph  obtained  from  one  of  the  cows  in  this  dairy  he 
vaccinated  seven  persons  at  the  Small-pox  Hospital ; while  in  the  case  of 
certain  other  persons  he  employed  matter  from  sores  on  the  hand  of  a 
dairymaid  who  had  become  infected  from  one  of  the  cows  at  this  same 
place.  These  cases,  from  which  afterwards  in  succession  many  hundreds 
of  persons  were  vaccinated,  were  the  source  of  what  is  usually  spoken  of 
as  “ "Woodville’s  lymph.”  These  strains  were  extensivelj>'  distributed 
both  by  Woodville  and  also  by  Pearson,  one  of  the  Physicians  to  St. 
George’s  Hospital ; but  even  at  this  period  lymph  from  several  other 
sources  had  also  come  into  use.  Thus  Pearson  very  early  obtained  lymph 
from  a dairy  in  the  Marylebone  Eoad  and  elsewhere ; while  Jenner,  who, 
ha^^ng  for  a time  no  supply  of  his  own,  had  used  some  of  Woodville’s 
hospital  lymph,  obtained  a further  supply  from  a cow  at  a Mr.  Clarke’s 
farm  in  Kentish  Town. 

The  lymph  first  employed  on  the  Continent  and  in  other  foreign 
countries  was  undoubtedly  supplied  in  large  measure  by  Pearson  and  AVood- 
ville;  although  we  learn  from  Baron  and  other  authors  that  Jenner,  who  was 
naturally  much  appealed  to  for  supplies  of  lymph,  himself  sent  lymph  to 
Stromeyer  of  Hanover,  to  De  Carro  of  ATenna,  to  Berlin,  and  to  N ewfound- 
land.  Strains  derived  from  lymph-stocks,  originally  supplied  by  Jenner, 
were  also  sent  abroad  by  various  persons ; the  original  strain  being,  in  large 
measure  at  any  rate,  the  lymph  obtained  by  Jenner  from  the  Clarke’s  Farm 
cow.  It  would  be  erroneous  to  suppose,  however,  that  all  the  lymph  em- 
ployed abroad  in  the  early  days  of  vaccination  was  obtained  from  England. 
Indeed  both  Sacco  and  De  Carro  made  extensive  use  of  lymph  obtained 
by  the  former  from  a case  of  natural  cow-pox  which  he  discovered  in 
Lombardy.  From  this  stock  also  De  Carro  sent  supidies  to  Constanti- 
nople, where  it  was  employed  for  the  first  vaccination  carried  out  in  that 
part  of  Europe.  De  Carro  it  was  also  who  first  succeeded  in  conveying 
a supply  of  lymph  to  India.  This  lymph,  again,  was  not  from  Jenner’s 
stock,  but  wa.s  of  Milanese  origin,  having  been  furnished  to  him  by  >Sacco. 
It  wa,s,  moreover,  not  of  bovine,  but  of  equine  origin,  and,  according  to 
De  Cairo,  had  never  been  ])assed  through  the  cow. 

Among  more  recent  strains  may  be  mentioned  that  obtained  in  1836 
at  Pa,ssy,  in  the  environs  of  Paris,  from  the  hand  of  a milker  who  had 
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contracted  casual  cow-pox.  The  old  stock  then  in  use  at  the  Academic 
de  M^decine  had  evidently  degenerated  somcAvhat ; and,  when  its  effects 
were  compared  with  those  of  the  new  Passy  lymph,  the  vesicles  developed 
from  the  latter  were  found  to  be  manifestly  finer. 

In  1836  Estlin  of  Bristol  put  in  circulation  a stock  which  at  first 
shewed  unusual  activity.  This  abated,  however,  after  some  transmis- 
sions, and  the  lymph  afterwards  came  into  extensive  use. 

From  this  time  onwards  the  various  stocks  became  so  numerous  that 
Ceely,  writing  in  1841,  states  that  during  the  preceding  three  years  he 
had  cxpei-imented  with  lymph  from  more  than  fifteen  distinct  sources  ; of 
these  six  had  been  taken  from  the  natural  disease,  either  direct  from  cows 
or  from  vesicles  on  the  hands  of  the  milkers,  and  seven  wei’e  artificially 
produced  in  the  cow. 

A lymph -stock  in  use  for  a number  of  years  at  the  Government 
Animal  Vaccine  Establishment  was  originally  obtained  on  26th  November 
1881  at  a farm  in  the  village  of  Laf6ret,  not  far  from  Bordeaux  ; whence 
a sample  of  lymph  from  the  seventeenth  calf  in  succession  from  the 
animal  first  affected  was  sent  by  Dr.  Dubr^uilh,  of  Bordeaux,  to  the 
Medical  Officer  of  the  Local  Government  Board. 

Of  late  years,  more  particularly,  numerous  strains  of  so-called  variola- 
vaccine  lymph,  obtained  by  inoculation  of  human  small-pox  on  the 
calf,  have  been  introduced  especially  by  Fischer,  by  Haccius,  and  by 
King,  and  have  been  transmitted  through  many  thousands  of  individuals. 

In  discussing  the  origin  of  the  various  lymph  strains  at  that  time  in 
use  Dr.  (now  Sir  W.)  Collins  and  Mr.  Picton,  in  their  addendum  to  the 
Report  of  the  Royal  Commission  on  Vaccination,  make  a point  of  the  impossi- 
bility, as  they  say,  of  employing  the  “ variolous  test  ” as  a proof  of  the 
efficacy  or  the  reverse  of  any  particular  lymph-stock.  It  is,  indeed,  a 
penal  offence  at  the  present  time  to  inoculate  a human  being  with  variola, 
but  to  demonstrate  that  it  is,  nevertheless,  by  no  means  impossible  to  test 
the  potency  of  any  given  sample  of  lymph  by  this  method,  mention  may 
be  made  of  certain  experiments  carried  out  by  myself  with  the  object  of 
determining  this  question.  Monkeys  were  employed,  on  account  of  their 
similarity  in  many  respects  to  man ; and  it  was  found  on  experimental 
investigation  that  they  are  susceptible  both  to  vaccinia  and  variola. 

In  the  cases  of  variola  and  of  vaccinia  alike,  the  local  result  of  inocula- 
tion attains  its  acme  (//ua  vesiculation)  in  the  monkey,  as  in  the  human 
being,  about  the  eighth  day.  The  first  signs  of  reaction  appear  usually  on 
the  third  day,  by  which  time,  if  variolous  lymph  has  been  used,  there  is 
a distinct  though  very  thin  crust  over  the  site  of  inoculation.  The  chief 
difference  noted  between  the  effects  resulting  from  the  local  inoculation 
of  these  two  diseases  in  the  monkey  is,  that  in  the  case  of  variola  there  is 
more  or  less  of  a crust  from  the  first,  that  vesiculation  is  less  marked 
than  in  vaccination,  that  about  the  ninth  to  the  eleventh  day  a general 
eruption  may  appear,  which,  in  some  instances,  covers  the  whole  surface 
of  the  body,  ancl  that  the  final  scab  at  the  site  of  inoculation  is  not  so 
elevated  in  the  variolated  as  in  the  vaccinated  animal.  Proof  having 
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been  thus  obtained  that  this  animal  is  c.apable  of  being  infected  witli  both 
vaccinia  and  variola,  and  that  it  j>asscs  through  these  diseases  in  forms 
similar  to  those  witnessed  in  man,  it  was  determined  to  make  trial 
of  the  protection  against  small  - pox  aflbrded  in  the  monkey  by  pre- 
vious vaccination,  and  of  the  protection  against  vaccination  aflbrded 
by  variolation  ; and  it  appeared  desirable  also  to  compare  the  eflect 
produced  by  the  use  of  human  and  of  calf  vaccine  respectively.  For 
this  purpose  humanised  lymph  was  obtained  from  Bii'mingham,  where 
it  is  stated  that  the  same  strain  of  lymph  has  been  continuously  earned 
on  by  means  of  arm-to-arm  vaccination  for  upwards  of  thirty  years ; the 
calf -lymph  was  obtained  from  the  Government  Animal  A^accination 
Station  in  liimb’s  Conduit  Street,  and  small-pox  lymph  was  supplied  from 
the  hospital  ships  in  the  Thames,  from  AVarrington,  and  from  Manchester. 
As  the  result  of  many  experiments  extending  over  a period  of  several 
months,  it  became  obvious  that  the  mutually  protective  power  of  lymph 
obtained  from  these  three  different  sources  when  inoculated  on  the 
monkey"  is  practically  identical  in  all  respects,  the  second  inoculation 
ha^'ing  invariably  been  productive  only  of  a negative  result. 

The  criticism  of  Dr.  (now  Sir  AA^.)  Collins  and  Mr.  Picton,  therefore, 
falls  to  the  ground  ; since  if  it  be  desired  to  apply  the  “ variolous  test  ” to 
any  given  lymph-stock,  all  that  is  necessary  is  to  vaccinate  a monkey  Avith  a 
sample  of  the  lymph  in  question,  and  subsequently  to  inoculate  the  animal 
Avith  potent  small-pox  lymph  after  the  lapse  of  such  period  from  the 
first  operation  as  may  be  thought  proper. 

Morphology  and  chemistry  of  vaccine  lymph. — Fresh  vaccine 
lymph,  taken  before  full  maturity  of  the  vesicle,  is  a clear,  transparent, 
limpid  fluid,  almost  colourless  in  man  and  slightl}'^  straAv-coloured  Avhen 
obtained  from  the  calf ; this  difference  in  colour  depends  on  the  varying 
quality  of  the  normal  pigment  present  in  the  blood-plasma.  Calf-vaccine 
lymph  is  also  someAvhat  more  viscid  than  human  lymph,  and  does  not 
flow  so  readily  Avhen  the  A^esicle  is  punctured  ; thus  it  is  usually  necessary 
to  use  compression  forceps  in  the  collection  of  calf-lymph.  Examined 
microscopically,  vaccine  lymph  contains  a certain  amount  of  einthelial 
debris,  a few  cells  and  portions  of  cells  being  ahvays  Ausible.  Leucocytes 
are  usually  present  also,  the  number  depending  on  the  stage  at  Avhich  the 
lymph  is  taken  ; fcAv  or  even  none  are  to  be  found  in  the  contents  of  the 
vesicle  Avhen  first  formed,  but  at  or  after  the  period  of  maturation  they 
may  be  so  numerous  as  to  render  the  lymph  turbid,  or  eArnn  puriform. 
A feAv  red  blood-corpuscles  may  be  noticeable,  although  most  observers 
Avill  hardly  agree  Avuth  the  statement  made  by  Dr.  Husband  to  the  Eoyal 
Commis.sion  on  Vaccination  that  this  is  invariably  the  case. 

In  stained  .specimens,  particularly,  micro-organisms  of  one  or  more 
A'arieties  can  readily  be  demonstrated ; the  actual  numbers  being 
dependent  to  a certain  extent  on  the  care  Avith  Avhich  the  lymph  has 
been  collected.  The  nature  and  significance  of  the  various  microbes 
Avhich  at  one  time  or  another  have  been  isolated  from  specimens  of 
vaccine  lymph  has  been  discussed  in  the  section  on  Bacteriology  (p.  754). 
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It  is  matter  of  common  knowledge  tliat  untreated  b'mpb,  when  stored  in 
capillary  tubes,  is  apt  after  a longer  or  shorter  interval  to  become  cloudy, 
in  which  circumstances  it  is  also  liable  to  be  uncertain  in  its  action 
Avhen  subsequently  used  for  the  operation  of  vaccination.  This  opaque 
appearance  may  be  quite  independent  of  any  coagulation  of  the  lymph, 
as  may  not  infrequently  be  demonstrated  on  breaking  tubes  in  which 
it  is  most  marked.  On  the  other  hand,  where  clotting  has  taken  place 
after  the  lymph  has  been  stored,  the  opacity  tends  to  form  with  the 
coagulum  a central  whitish  thread  in  the  midst  of  a clear  fluid,  instead 
of  being  . distributed  through  the  lymph  in  discrete  points  as  may 
otherwise  be  the  case.  If  cultivation  experiments  be  carried  out  by 
inoculation  on  nutrient  media,  the  number  of  colonies  resulting  from 
such  inoculation  with  the  contents  of  tubes  which  have  become  opaque 
is  usually  much  greater  than  if  fresh  lymph  be  employed  in  a similar 
manner.  We  are  apparently  justified,  therefore,  in  considering  that  the 
opacity  of  old  stored  lymph  is,  in  the  main,  the  outcome  of  an  enormous 
multiplication  of  aerobic  bacteria,  the  ancestors  of  which  are  present  in 
the  lymph  when  first  collected ; although  their  numbers  are  then  so 
comparatively  small  as  not  to  render  it  in  any  way  turbid.  It  follov's 
that  vaceine  lymph  which  has  become  opaque  should  never  be  employed 
for  vaccination. 

Vaccination  Ijmiph,  chemically  speaking,  consists  of  the  serum,  or 
rather  of  the  plasma  of  the  blood.  When  freshly  obtained,  therefore,  it 
is  faintly  alkaline  in  reaction ; but  it  becomes  distinctly  acid  after  a time 
when  stored.  In  addition  to  the  various  salts  and  proteids  normally 
present  in  the  blood -plasma,  vaccine  lymph  contains  some  'substance, 
possibly  of  the  nature  of  a toxin,  which  results  from  the  vital  activity 
of  the  specific  organism  peculiar  to  vaccinia.  That  this  is  so  may 
be  proved  either  by  filtration  of  the  lymph  through  porcelain  or  by 
exposui'e  of  it  to  a temperature  of  about  50“  C.  If  such  filtered  or 
sterilised  lymph  be  inoculated  on  the  skin  in  the  usual  manner,  no 
obvious  effect  is  produced  at  the  point  of  inoculation ; but  it  will  be 
found  that  the  animal  has  been  rendered  temporarily  immune  to  the 
effects  of  subsequent  vaccination  with  lymph  of  normal  potency. 

Histology  of  the  Vaceine  Vesicle. — During  the  evolution  of  the 
local  changes  which  result  from  the  insertion  of  vaccine  lymph  beneath 
the  surface  of  the  skin,  it  is  possible,  as  pre\nously  indicated,  to  recognise 
three  more  or  less  definite  stages  of  papule,  vesicle,  and  pustule.  The 
same  statement  holds  good  Avith  reference  to  the  eruption  of  small-jjox, 
Avhether  this  be  local,  ix.  due  to  intentional  inoculation  of  the  A'irus 
on  the  skin,  or  general,  as  the  result  of  casual  infection,  with  the 
exception  that  the  edge  of  the  vesicle  resulting  from  inocul.ation  is  apt 
to  be  less  regular  in  outline  than  is  that  of  the  vaccine  vesicle. 

In  each  instance  the  appearance  of  the  first  or  sbige  is 

brought  about  by  inflammatory  reaction,  causing  an  increase  of  inter- 
cellular fluid,  together  Avith  concomitant  increase  in  A'-olume  and  number 
of  epithelial  cells,  of  the  rete  Malpighii  more  particularly.  The  papule 
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iCi-aclually  becomes  enlarged  by  a circumfei’ontial  extension  of  the  same 
process,  and  owing  to  further  changes  in  the  cells  first  affected,  vacuoles 
arise  in  the  central  portion  of  the  papule,  by  the  extension  of  which  this 
ultimately  becomes  a vesicle. 

The  vmde  is  a multilocular  structure,  the  dissepiments,  by  means  of 
which  its  interior  is  divided  up,  being  formed  from  the  thinned  and 
extended  remains  of  the  original  epithelial  cells.  Owing  to  the  fact 
that  the  process  of  vacuolation  increases,  for  a time,  more  extensively  at 
the  advancing  edge  of  the  vesicle,  the  central  portion  remains  somewhat 
le.ss  elevated,  thus  giving  rise  to  the  appearance  termed  “ umbilication.” 

At  a somewhat  early  stage  of  the  process  an  outflow  of  leucocytes 
takes  place  towards  the  point  of  injury.  In  time,  each  blood-vessel 
becomes  the  centre  of  an  aggregation  of  leucocytes,  which,  by  the  rapid 
increase  in  their  numbers,  eventually  transform  the  originally  clear 
inflammatory  exiidation  into  a more  or  less  purulent  fluid.  The  vesicle 
is  said  now  to  have  become  converted  into  a pustule. 

By  the  thinning  and  ultimate  rupture  of  its  trabeculse  the  jiustule 
finally  becomes  unilocular.  The  turbid  fluid  contained  in  it  now 
gradually  dries  up,  and,  together  with  the  necrosed  remains  of  epidermal 
cells,  takes  part  in  the  formation  of  the  cnist,  which,  under  the  microscope, 
appears  as  a homogeneous  mass  which  takes  an  intense  coloration  when 
treated  ■with  the  ordinary  laboratory  stains. 

^Meanwhile  a regeneration  goes  on  underneath  the  crust,  the  new 
epidermis  being  formed  by  an  ingrowth  from  the  surrounding  stratum- 
Inculum.  The  extent  to  which  the  cutis  vera  has  been  involved  determines 
the  depth  of  the  resulting  scar. 


PR.A.CTICE  OF  Vaccination 

Collection  and  storage  of  vaeeine  lymph. — Previous  to  the  year 
1899  the  use  of  arm-to-arm  human  lymph  had  been  insisted  on  in  this 
country  in  the  case  of  all  vaccinations  performed  at  public  stations,  for 
the  reason  that  until  recentl}’’  this  was  the  only  method  by  which 
lymph -stocks  could  be  perpetuated,  and  the  greatest  possible  purity  of 
the  lymph  ensured. 

In  view,  however,  of  the  recommendations  of  the  Eoyal  Commission, 
embodied  in  the  Vaccination  Act  of  1898,  this  method  has  been  dis- 
continued, so  far  as  public  vaccinations  are  concerned,  in  favour  of  the 
u.se  of  calf-lymph,  with  the  object,  among  others,  of  diminishing  the 
very  remote  possibility  of  the  conveyance  of  syphilitic  infection  by  the 
operation  of  vaccination  (p.  712).  By  this  change  of  method  the  Com- 
mi.ssioners  also  con.sidered  that  the  necessity  for  opening  vaccination 
vesicles,  and  thereby  oi  affording  opportunity  for  other  local  infections, 
would  be  avoided — such  precaution  being  in  their  opinion  a desirable 
one,  although  they  adfled  that  its  irnpoitance  has  been  e.xaggerated. 

If  human  lymph  be  required,  the  vesicle  .should  be  opened  by  a number 
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of  minute  punctures,  which  must  l>e  mcade  on  its  surface  and  not  around  its 
base.  The  object  of  such  multiple  punctures  is  to  open  the  various  cell- 
spaces  in  Avhich  the  l3unph  is  contained ; that  of  puncturing  on  the 
surface  rather  than  around  the  l)ase  is  to  avoid  any  admixture  with 
blood.  Lymph  soon  collects  in  droplets  at  the  points  of  incision,  and 
may  be  removed  on  a lancet ; or,  if  required  for  use  at  a distance,  may 
be  taken  up  into  capillary  tubes.  On  no  account  should  the  vesicle  be 
pressed  or  squeezed  in  order  to  increase  the  flow  of  lymph,  supposing 
the  amount  to  be  but  scanty;  and,  on  the  other  hand,  if  it  be  very 
thin,  and  consequently  flow  too  readily,  it  should  not  be  employed  for 
use  in  vaccination. 

The  collection  of  calf-lymph  is  a matter  of  rather  more  difficulty,  as, 
owing  to  its  greater  degree  of  viscidity  and  to  the  closer  texture  of  the 
cell-spaces  in  the  vesicle,  it  does  not  flow  readily  when  the  vesicle  is 
punctured.  For  this  reason  it  is  necessary  to  employ  compression 
forceps,  between  the  blades  of  which  the  vesicle  is  taken  up  and  confined 
by  means  of  a catch  while  the  lymph  is  being  removed. 

Lymph,  whether  human  or  calf,  that  is  not  required  for  immediate 
use  may  be  preserved  either  in  a dry  state  on  “ points  ” ; or  in  the 
liquid  condition,  in  capillary  tubes  which  must  be  hermetically  sealed 
after  being  filled. 

The  points  used  for  the  dry  storage  of  lymph  have  hitherto  been 
made  of  ivory,  but  it  has  been  suggested  that  celloidin  would  be  a more 
suitable  substance  for  the  piu'pose,  as  a smooth  non-absorbent  surface 
would  be  thus  obtainable.  They  are  usually  about  a couple  of  inches  in 
length,  and  pointed  at  one  end. 

In  order  to  charge  the  points  they,  in  this  country,  are  well  dipped  in 
the  lymph  exuding  from  a vesicle ; and  when  a fair-sized  drop  has  been 
collected  on  them,  they  are  placed  on  some  raised  and  flat  surface,  such 
as  a plate  turned  upside  down,  with  their  moistened  ends  over  the  edge, 
until  the  lymph  has  thoroughlj"  dried. 

They  should  be  kept  until  needed  in  a clean,  well-stoppered  bottle. 
To  prepare  the  l3unph  for  use,  a small  drop  of  water  is  placed  on  the 
end  of  the  “ point  ” in  order  to  moisten  the  dried  material.  This  may 
now  be  removed  with  the  point  of  the  vaccinating  lancet,  or  the  end  of 
the  “ point  ” may  be  rubbed  over  scarifications  of  the  skin  previously 
made  with  a lancet.  In  the  Report  of  the  Royal  Commission  on  Vaccination, 
however,  the  opinion  is  expressed  that  safety  would  be  increased  b3’’ 
preserving  the  lymph  in  tubes  instead  of  on  “dry  points.” 

The  capillary  tubes  employed  for  the  purpose  of  lymph-storage 
should  be  similar  to  those  first  introduced  by  Dr.  Husband, of  Ldinburgh. 
In  oi'cler  to  fulfil  their  intended  purpose  they  should  be  (i.)  large  enough 
to  contain  sufficient  lymph  for  one  vaccination  ; (ii.)  long  enough  to  admit 
of  both  ends  being  sealed  hermetically  without  subjecting  the  charge  to 
the  heat  of  the  flame  ; (iii.)  of  such  tenuity  that  the3'^  can  be  sealed 
instantaneously  in  the  flame  of  a spirit  lamp ; and  (iv.)  of  such  strength 
as  not  to  l)reak  easily  in  handling.  To  fill  a capillary  tube  it  should  be 
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held  ill  a more  or  less  horizontal  position,  and  one  end  applied  to  the 
drop  of  lymph  exuding  from  a vesicle  which  has  been  punctured,  when 
the  lymph  immediately  enters  by  capillary  attraction.  No  more  should 
bo  allowed  to  enter  than  is  sutKcicnt  to  fill  the  tube  from  one-half  to 
two-thirds  of  its  length.  The  tube  is  sealed  by  applying  the  empty  end 
to  the  tlamo  of  a candle  or  spirit-lamp,  as  much  as  possible  of  the 
contained  air  having  been  previously  driven  out  by  momentarily  plung- 
ing into  the  flame  the  whole  of  that  portion  of  the  tube  in  which  there 
is  no  lymph.  By  this  means,  as  soon  as  the  extremity  is  sealed,  the 
column  of  l}’mph  is  driven  by  atmospheric  pressm-e  towards  the  end 
first  closed  ; and  the  point  at  which  the  lymph  found  entrance  can  then 
be  sealed  in  the  flame  in  the  same  manner  as  was  the  other. 

Glyeerinated  Lymph, — -The  practically  universal  occurrence  of  ex- 
traneous microbes  in  vaccine  lymph  and  the  chance  of  addition,  during 
or  after  vaccination,  of  pathogenetic  organisms  by  the  agency  of  careless 
people,  whether  vaccinators  or  persons  having  charge  of  infants,  has 
been  advanced  as  reasons  for  avoiding  vaccination,  on  the  grounds  of  the 
possible  harmfulness  of  the  extraneous  organisms  liable  to  be  introduced 
into  the  lymph  at  the  time  of  the  operation  or  subsequently  in  the 
course -of  the  evolution  of  the  resulting  pock. 

This  argument,  however — so  far  as  the  microbes  usually  intimately 
associated  with  lymph  are  concerned — loses  whatever  weight  it  may 
have  had,  since  I have  shewn  that  by  thoroughly  incorporating  four 
parts  of  a sterilised  50  per  cent  solution  in  water  of  chemically  pure 
glycerin  Avith  one  part  of  the  lymph  or  vesicle-pulp,  and  afterwards 
storing  the  mixtime  for  some  weeks  prior  to  use  at  a Ioav  temperature 
and  protected  from  light,  all  the  ordinary  saprophytes  found  associated 
with  lymph  are  eventually  destroyed.  This  result  is  proved  by  the  fact 
that  no  growth  arises  in  any  of  the  ordinary  crdture  media  inoculated 
with  such  glyeerinated  lymph.  This  statement  applies  equally  to  the 
bacillus  of  tubercle  and  to  the  streptococcus  of  erysipelas  when  they 
have  been  added  experimentally  to  vaccine  lymph. 

In  glyeerinated  calf -lymph  properly  produced  Ave  have  then  a 
preparation  Avhich,  Avhile  even  more  efficient  as  vaccine  than  the  original 
IjTnph,  can  be  produced  entirely  free  from  the  “ extraneous  ” organisms 
Avhich,  at  one  time  or  another,  have  been  isolated  from  fresh  or  stored 
lymph  ; Avith  the  possible  exception,  in  the  case  of  lymph  obtained  from 
the  calf,  of  the  spore-bearing  B.  suhtilis — the  common  hay  bacillus — 
which,  hoAA'ever,  possesses  no  pathogenetic  properties.  This  statement, 
since  the  fir-st  publication  in  1891  of  the  experiments  on  Avhich  it  is 
based,  ha.s  received  ample  corroboration  from  many  other  observers, 
among  whom  may  be  mentioned  Chambon,  Menard,  and  Straus ; Leoni, 
Kinyoun,  and  Klein. 

There  can  be  no  doubt,  therefore,  of  the  superiority  of  this  method  of 
lymph-storage  over  the  perhaps  simpler  methods  Avhich  Avere  previously 
employed  in  England.  In  Germany,  Belgium,  and  elscAvlicre,  for  some 
considerable  time  past,  and  for  various  reasons,  admixture  Avith  gl3'cerin 
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has  been  made  use  of  in  the  preparation  and  storage  of  vaccine  materia] ; 
bnt  originally  without  knowledge  of  the  peculiar  action  exerted  by  such 
treatment  in  the  purification  of  lymph.  Kitasato,  for  instance,  published 
a series  of  experiments  in  which  he  sought  to  free  vaccine  lymph  from 
extraneous  bactejia  by  the  addition  of  carbolic  acid  to  the  extent  of  0'5 
to  8 ’6 6 per  cent.  He  states  that  in  each  case  the  carbolic  acid  was  added 
to  samples  of  trade  lymph  which  had,  however,  already  been  diluted,  in 
the  process  of  preparation,  with  a mixture  of  glycerin  and  water. 

In  the  preparation  of  glycerinated  lymph  on  a large  scale  the  calf, 
which  on  the  previous  day  should  have  been  injected  with  tuberculin  in 
order  to  ensure  that  it  is  not  suffering  from  tuberculosis,  is  strapped  down 
to  a table  of  special  construction,  and  the  abdomen  is  shaved  from  the 
pubes  to  the  umbilicus  : occasionally,  when  a larger  surface  is  required, 
the  inside  of  the  thighs  is  also  shaved.  The  shaved  area  is  then 
thoroughly  cleansed  with  soap  and  hot  water,  and  swabbed  with  a solution 
of  corrosive  sublimate ; and  this  in  its  turn  is  washed  off  with  sterilised 
water.  With  a someAvhat  blunt  scalpel  superficial  incisions  are  then 
made  fairly  close  together  over  the  whole  surface  of  the  shaved  portion 
of  the  skin,  care  being  taken  to  remove  with  a sterilised  towel  or  blotting- 
paper  any  traces  of  blood  which  may  appear.  A sufficient  quantity  of 
glycerinated  lymph  must  be  now  thoroughly  rubbed  over  the  incisions 
with  the  flat  portion  of  the  blade  of  the  scalpel ; and  when  this  has  dried 
in  the  calf  may  be  removed  from  the  table  and  returned  to  its  stall. 
After  the  lapse  of  about  ninety-six  hours  from  the  first  operation,  the 
calf  is  again  placed  on  the  table,  and  the  epithelium  and  underlying 
vesicular  pulp  are  removed  by  means  of  a steel  spoon,  firm  pressure  being 
employed  so  as  to  avoid  as  far  as  possible  the  presence  of  blood.  The 
serapings  are  collected  in  a Petri  dish,  or  other  suitable  receptaele,  and 
immediately  weighed.  To  this  material  is  then  added  four  times  its 
weight  of  a sterilised  mixture  of  50  per  cent  of  chemically  jmre  glycerin 
in  distilled  water ; and  the  whole  is  thoroughly  ground  down  together. 
The  latter  process  is  canned  out  either  by  hand,  a small  pestle  and  mortar 
being  employed  for  the  purpose,  or,  more  rapidly  and  perhaps  more 
efficiently,  by  means  of  a mechanical  mixing  machine. 

The  resulting  mixture,  or  emulsion  as  it  is  sometimes  called,  which 
will  be  sufficient  in  amount  for  at  least  2000  vaccinations,  may  be  kept 
in  bulk  un.til  required  for  distribution ; it  must  be  stored  in  a cool  place 
and  protected  from  the  light.  If  desirable,  hoM'ever,  it  may  be  draAvn 
up  at  once  into  capillary  tubes,  which  should  be  of  somewhat  larger 
diameter  than  those  which  are  commonly  employed  for  the  storage  of 
unmixed  lymph.  If  this  be  done  the  tubes  should  be  filled  about  two- 
thirds  full,  and  the  ends  then  carefully  sealed  in  the  flame  of  a spirit- 
lamp  or  Bunsen  burner.  Dr.  A.  B.  Green,  working  at  the  Government 
Laboratories,  discovered  that  by  passing  chloroform  A'apour  thi-ough 
vaccine  emulsion  the  process  of  imrification  is  much  hastened,  thus 
rendering  it  j)Ossible  to  cope  Avith  sudden  demands  for  large  quantities  of 
vaccine  lymph  such  as  are  likely  to  occur  at  times  of  small-pox  jDreAalence. 
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But  on  the  other  hand,  it  would  appear  that  the  time  during  which  such 
chloroformed  emulsion  may  be  expected  to  retain  its  full  activit}'  is 
usually  less  than  when  glycerin  alone  has  been  employed. 

Insertion  of  vaccine  lymph. — This  process  may  be  carried  out 
either  by  puncture,  by  multiple  superficial  incisions,  or  by  scarification. 
Doubtless  the  individual  operator  will  attain  the  greatest  measure  of 
success  by  employing  the  method  with  which  he  is  most  familiar ; but 
there  can  be  little  doubt  that  the  method  of  insertion  by  scarification 
is  the  one  which  is  most  generally  satisfactory.  This  statement  applies 
not  only  to  the  use  of  fresh  lymph,  but  also  to  stored  lymph,  whether  on 
dry  points  or  in  tubes ; and  more  particularly  if  the  lymph  has  been 
preserved  with  glycerin. 

The  mode  of  operation  is  briefly  as  follows : — The  arm  should,  if 
possible,  first  be  washed  Avith  warm  soap  and  Avater,  and  afterAvards 
CcArefully  dried  Avith  a soft  towel,  gentle  friction  being  employed  so  as  to 
cause  a certain  amount  of  distension  of  the  cutaneous  capillaries.  Drops 
of  lymph,  corresponding  in  number  to  that  of  the  vesicles  Avhich  it  is 
reqiured  to  produce,  are  then  to  be  placed  on  the  surface  of  the  arm,  and 
the  skin  put  slightly  on  the  stretch  Avith  the  fingers  of  the  left  hand. 
Xext  the  skin  is  scarified  by  a method  of  cross-hatching,  through  the 
drops  of  lymph,  by  means  of  Avhatsoever  instrument  may  be  preferred, 
care  being  taken  not  to  place  the  insertions  too  close  together,  lest  the 
Autality  of  the  tissues  between  them  be  injured. 

An  ordinary  bleeding -lancet,  the  point  of  Avhich  has  been  slightly 
blunted,  or  a flat- headed  surgical  needle,  are  both  very  efiicient  for  the 
purpose  of  scarification ; complicated  instruments  should  be  avoided 
since,  as  a rule,  it  is  ditficult  to  keep  them  thoroughly  clean  (cf.  also  p.  7 44). 

The  special  advantage  of  a needle  is  that  a new  one  can  be  employed 
on  every  occasion ; if  a lancet  or  like  instrument  be  employed,  it  is 
essential  that  it  should  be  boiled  or  otherAvise  sterilised  immediately 
before  use ; and,  further,  that  it  should  be  dipped  into  boiling  water  and 
Aviped  on  a piece  of  sterilised  cotton-wool,  not  only  betAveen  each  opera- 
tion, but,  in  the  case  of  arm-to-arm  vaccination,  in  the  event  of  the 
vaccinator  haA*ing  to  return  to  the  vaccinifer  for  the  purpose  of  obtaining 
more  lymph. 

S.  Monckton  Copeman. 
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YACCIXATIOX  AS  A BEANCH  OF  PEEVENTIVE 

MEDICINE 

» By  John  C.  M'Vail,  JI.D. 

The  evidence  of  the  potver  of  vaccination  over  small-pox  is  probably 
;is  great  as,  if  not  greater  than,  can  be  adduced  in  support  of  any 
proposition  outside  the  domain  of  the  exact  sciences.  Indeed,  -when  all 
the  variabilities  of  the  human  body  Avhich  is  the  subject  of  jDrotection, 
and  the  possible  variations  in  the  power  and  activity  of  the  protecting 
agency,  are  taken  into  account,  the  proof  of  the  value  of  vaccination, 
both  in  volume  and  in  completeness,  is  very  remarkable.  One  of  its 
most  striking  features  is  the  convergence  of  differing  lines  of  evidence 
towards  the  same  conclusion.  From  whatever  starting  - place  the 
subject  be  approached,  the  point  reached  is  the  same.  In  whatever 
manner  the  facts  be  questioned  and  cross -questioned,  their  rejily  is 
unequivocal  and  unvarying.  If  an  investigator  begin  his  inquiry  Avith 
any  alternative  hypothesis  in  vieAA^,  he  soon  finds  that  it  Avill  not  meet 
the  case.  The  first  line  of  evidence  naturally  relates  to 


The  Prevalence  of  Small-pox  before  and  since  the  adoption 

of  Vaccination 

The  question  of  the  antiquity  of  small-pox  has  attracted  many  medical 
historians,  among  whom,  perhaps,  the  most  notable  haAm  been  Hohvell, 
Willan,  Freind,  and  James  Moore.  The  origin  of  the  disease  is  hidden 
in  the  mists  of  antiquity.  The  appearances  which  in  ancient  Greece 
and  Rome  distinguished  one  epidemic  disease  from  another  are  seldom 
stated,  and  there  seems  no  good  proof  that  small-pox  Avas  knoAAui  or 
differentiated.  But  Holwell  adduces  evidence  that  in  Hindustan  and 
China  it  was  knoAvn  long  before  the  Christian  era.  Willan  points  out 
that  Eusebius  (Avho  Avas  born  about  267  a.d.,  and  was  Bishop  of  Csesarea) 
describes  a Syrian  epidemic  in  302  A.D.  in  such  a AAvay  as  to  indicate 
strongly  that  the  disease  must  haAm  been  A'ariola.  The  account  given 
in  .581  A.D.  by  Gregory  of  Tours,  of  an  epidemic  there,  leaves  little 
doubt  that  Avhat  he  described  Avas  small-pox;  and  the  term  “variola” 
Ava.s  used  by  Marius,  Bishop  of  Avenche,  so  early  as  570  A.D.  In 
Ireland  the  mona.stic  records  indicate  that  small-pox  preA’^ailcd  as  early 
a.s  675  A.D.,  and  frequently  afterAvards ; the  native  names  being 
Bolgagh  and  Galar  Breac.  In  England  dining  the  dark  ages  there 
Avere  no  statistic.s,  but  small-pox  Avas  so  much  feai’cd  that  charms  and 
amulets  were  Avorn  to  keep  it  ofl‘;  and  the  leech  book  of  the  Saxon 
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physician  Bald,  avIio  flourished  in  the  tenth  century,  contained  six 
prescriptions  for  pock  disease.  He  told  how  a “pock  in  the  eye” 
was  to  be  treated.  In  this  century  also,  Hazes,  hospital  physician 
at  Bagdad,  wrote  his  famous  work,  and  it  is  noteworthy  that  pricking  of 
the  pustules  as  part  of  the  treatment  is  recommended  by  both  Kazes  and 
Bald,  though  the  instrument  in  the  hand  of  the  English  leech  is  not 
a needle  of  gold  or  silver  but  a humble  thorn  with  which  “to  delve 
away  each  one  of  them.”  Hazes  quotes  frorn  writers  in  previous 
centuries — Ahron  in  the  seventh  and  Messue  in  the  ninth — and  gives  no 
indication  of  the  disease  being  then  regarded  as  of  recent  origin.  In 
England,  under  the  Normans,  Gilbert  Anglicus,  about  the  time  of 
Edward  I.,  and  John  of  Gaddesden  early  in  the  fourteenth  century,  vTote 
of  small-pox,  and  fairly  closely  followed  the  Arabian  writers.  Coming 
to  later  centuries,  though  in  this  country  exact  statistics  are  still 
wanting,  there  is  abundant  evidence  of  the  ravages  of  small-pox.  Tlie 
disease,  indeed,  finds  a place  in  general  literature,  as  well  as  in  old 
vocabularies,  and  in  two  or  three  books  dealing,  after  the  fashion  of  the 
time,  with  health  and  sickness — Shakespeare,  Fletcher,  Ben  Jonson  and 
Donne  mention  it.  Later  still,  Sydenham’s  writings  on  small-pox  are 
well  known,  and  his  introducti-on  and  advocacy  of  a “cool  regimen”  in 
the  disease  is  one  of  the  foundations  of  his  deservedly  great  reputation. 
Very  curiously,  hovmver,  though  contemporary  and  earlier  writers  had 
unhesitatingly  regarded  the  disease  as  infectious,  Sydenham,  probably 
influenced  by  his  conception  of  epidemic  constitutions  of  the  atmosphere, 
does  not  describe  small-pox  as  communicable  from  one  person  to  auother. 

The  extent  to  which  sinall-pox  prevailed  is  sufficiently  indicated  by 
the  opinions  which  were  held  of  its  inevitability.  Hazes  incidentally 
mentions  that  “ hardly  any  one  escapes  ” attack.  His  Greek  translator, 
about  the  end  of  the  tenth  century,  says  that  “ every  man  is  born  liable  ” 
to  small-pox.  In  the  sixteenth  century  Mercurialis  states  that  almost 
every  pei’son  must  have  it  once,  and  Vidus  Vidius  regards  it  as  a disease 
attacking  all  persons  in  the  course  of  their  lives. 

There  is  a curious  record  regarding  small-pox  in  the  village  of  Ware 
in  Hertfordshire.  In  1722  the  population  was  2515  and  at  the  end  of 
a small-pox  epidemic  in  that  year  there  were  only  302  persons  who  had 
never  had  the  disease.  These  302  persons  are  not  described  merely  as 
not  haying  suffered  from  small-pox,  but  as  “ to  have  the  small-pox.” 
In  Chester,  according  to  Dr.  Haygarth,  in  1775  only  1060  persons  out 
of  a total  population  of  nearly  15,000  had  not  suffered  from  small-pox 
at  some  time  in  their  lives.  At  Kilmarnock  in  1728-6-1,  of  every 
1000  children  born  alive  161  died  from  small-pox.  In  Glasgow  in 
the  years  1783  to  1800  inclusive  there  were  5959  deaths  from  small- 
pox in  a total  of  31,088  deaths  from  all  causes.  In  Warrington 
in  1773  there  was  a small-pox  epidemic  which  caused  211  deaths 
in  a total  of  443  from  all  causes  in  a population  estimated  at  fully 
8000  (F/iil.  Trans.  1774).  In  Manchester,  according  to  Percival,  in 
the  six  years  1769-74,  there  were  589  deaths  from  small-pox,  and 
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in  1773  the  population  of  iManchester,  exclusive  of  Salford,  was 
22,481,  so  that  the  inortalitj’  per  million  was  4359.  For  Liverpool, 
Havg;irth  gives  the  population  in  1773  as  34,407,  and  says  “the 
annual  average  deaths  by  the  small-pox  in  Liverpool  are  220,”  this  giving 
a rate  of  6394  per  million  of  population.  In  Sweden  in  the  years  1774 
to  1800  inclusive  the  deaths  from  all  causes  were  1,524,602,  and  of 
these  there  were  119,073  from  small-pox,  the  annual  rate  being  2049 
per  million  of  population.  Iii  Berlin  in  1758-74  the  deaths  from  all 
causes  were  81,133,  and  from  small-pox  6705,  or  nearly  one-twelfth,  and 
in  1783  to  1800  the  total  deaths  were  98,643,  and  the  small-pox  deaths 
7668,  or  one-thirteenth.  Sir  John  Simon  in  his  classical  papers  on 
vaccination  has  collected  much  interesting  historical  matter  to  which 
students  of  the  subject  may  refer. 

Small-pox  Inoculation. — "iVhth  regard  to  the  prevalence  of  the  disease 
in  the  eighteenth  century,  the  influence  of  the  practice  of  small-pox 
inoculation,  or  variolation,  has  been  much  discussed.  But  our  knowledge 
does  not  justify  a definite  conclusion  Avhether  the  good  it  did  in  jn’o- 
tecting  the  inoculated  was  greater  than  the  e%dl  which  it  did  in  sjDreading 
the  disease.  On  whatever  side  the  balance  for  the  eighteenth  century 
should  be  struck,  it  is  obvious  that,  quite  independently  of  inoculation, 
small-pox  in  that  centui’y  and  in  many  previous  centuries  was  one  of 
the  most  fatal  scourges  of  mankind. 

Small-pox  Prevalences  since  the  Introduction  of  Vaccination. — It  is  necessary 
now  to  contrast  prevaccination  statistics  of  small-pox  with  those  of 
more  recent  times.  For  this  purpose  the  Eoyal  Commission  began 
by  giving  facts  for  the  first  quarter  of  the  nineteenth  century.  The 
period  selected,  though  somewhat  remote  from  the  present  day,  is 
excellent  for  the  purpose  in  question.  It  immediately  followed  the  intro- 
duction of  vaccination.  The  adoption  of  the  practice  was  of  course  far 
from  universal,  but  it  is  to  be  remembered  that  at  the  beginning  of  the 
nineteenth  century  a very  large  proportion  of  the  pojDulation  had  already 
suffered  from  small-pox  in  the  ordinary  way,  or  had  been  protected  by 
variolation,  so  that  only  a minority  of  the  people  required  protection. 
The  unprotected  percentage  it  is  impossible  to  estimate,  but,  looking  to 
the  pre^^ous  prevalence  of  natural  and  artificial  small-pox,  it  cannot,  I 
think,  have  amounted  to  anything  like  one-half  of  the  population,  prob- 
ably not  even  to  one-quarter.  It  was  among  this  minority  that  vaccina- 
tion was  practised,  and  the  extent  of  the  practice  must  have  greatly 
reduced  the  percentage  of  the  population  who  had  been  subjected  to 
neither  variola  nor  vaccinia. 

-Another  feature  of  the  period  1800-1825,  though  not  referred  to  in 
the  Royal  Commi.s.sion’s  Report,  is  yet  mo.st  important.  For  many  }mars 
after  tlie  beginning  of  the  nineteenth  century  the  great  bulk  of  the 
vaccinations  could  be  regarded  <*is  recent,  and  the  need  for  revaccination 
hafl  hardly  arisen.  AVe  may  expect,  therefore,  to  find  in  the  early  years 
of  that  century  much  fliminution  in  small-pox  prevalence.  The  history 
of  small-pox  in  Glasgow  in  the  days  of  Jenner  shews  that  in  the  absence 
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of  sanitation,  and  in  the  presence  of  abundance  of  opportunity  for 
sniall-pox  infection,  vaccination  enormously  reduced  the  prevalence  of 
variola. 

Coming  now  to  statistics  in  the  London  Bills  of  Mortality,  the  small- 
pox deaths  in  the  year  1800  were  2400,  but  subseciuently  never  reached 
2000.  In  the  ten  years  1771-80,  the  deaths  from  small-pox  were 
20,923  ; in  the  next  ten  yeans,  17,G87  ; and  in  the  last  ten  years  of  the 
century,  18,477.  In  the  first  ten  years  of  the  nineteenth  century 
they  fell  to  12,534,  in  the  second  ten  years  to  7858,  and  in  the 
third  ten  years  to  6950,  though  the  population  within  the  limits  of 
the  Bills  had  increased  from  746,233  in  1801  to  1,180,292  in  1831. 
The  Bills  were  imperfect,  probably  more  so  in  the  later  years  than  in 
the  earlier,  but  they  shew  a striking  change  as  regards  small-pox  in 
London. 

The  best  method  available  for  extracting  information  about  small-pox 
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from  the  London  Bills  is  to  note  the  proportion  which  that  disease 
contributes  to  the  total  deaths  from  all  causes.  This  gets  rid  of  the  difficulty 
about  the  uncertainty  of  population  at  any  given  period,  and  the  im- 
perfection of  records  just  referred  to  applies  to  all  diseases  as  well  as 
small-pox.  Chart  12  shews  the  mortality  for  the  century  1750-1850, 
and,  for  purposes  of  comparison,  the  death-rates  for  whooping-cough  and 
for  measles.  Small-pox  in  prevaccination  times,  as  will  be  seen  later, 
resembled  measles  and  whooping-cough  in  being  a disease  of  childhood. 
The  diagram  shews  how  small-pox  fell  and  measles  and  whooping-cough 
rose  in  the  fifty  years  after  the  introduction  of  vaccination  as  compared 
with  the  previous  fifty  years. 

We  have  seen  that  in  1775,  in  the  town  of  Chester,  93  per  cent  of 
the  population  had  had  small-pox  at  some  time  or  other ; and  that  in 
1722,  in  Ware,  82  per  cent  of  the  population  had  had  small-pox.  For 
very  few  places  are  there  any  comparable  statistical  data  relating  to  the 
first  quarter  of  the  nineteenth  century  ; but  in  Cambridge,  with  a total 
population  of  14,142  in  1821,  the  number  of  persons  who,  up  to  the 
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summer  of  182G,  had  had  small-pox  during  the  preceiliiig  twenty-five 
years  was  35G0,  or  about  25  per  cent.  These  figures  do  not  iuelude 
attacks  previous  to  1800;  but  the  cliildreu  born  during  the  twenty-five 
years  referred  to  were  8112,  and  of  these  only  34'4:  per  cent  had  had 
small-pox,  including  12'7  per  cent  by  inoculation. 

In  Glasgow  in  the  ten  years  1791  to  1800  the  total  recorded  small -pox 
deaths  were  3302,  and  in  the  ten  years  1801-10  they  fell  to  1404.  Dr. 
Robert  Watt  of  Glasgow,  writing  in  1813,  divided  the  thirty  years  1783  to 
1812  into  five  periods  of  six  years  each,  the  last  two  periods  being  subse- 
fiuent  to  the  introduction  of  vaccination,  which  was  extensively  practised 
in  the  town.  In  the  three  prevaccination  periods  small-pox  contributed 
to  the  deaths  from  all  causes  the  following  percentages: — (1)  19 '55,  (2) 
18'22,  and  (3)  18'70.  In  the  next  two  periods,  when  vaccination  was 
being  largelj’  used,  the  contribution  of  small-pox  to  deaths  from  all  causes 
fell  to  8'90  and  3’90  per  cent.  The  cases  were  not  isolated,  and  there 
was  superabundant  material  to  infect  all  who  were  susceptible,  but  some 
influence  had  intervened  to  diminish  the  small  pox  death-rates  rapidly  and 
gi-eatly.  The  agency  was  not  sanitation,  for  during  the  periods  in  ques- 
tion the  health  conditions  of  Glasgow,  as  shewn  by  contemporary  accounts 
and  by  the  course  of  other  diseases,  vmnt  from  bad  to  worse. 

In  Sweden  the  official  figures  furnished  to  Sir  John  Simon  began  vuth 
the  year  1749.  From  1776  to  1800  inclusive  the  average  small-pox  deaths 
per  million  Ihdng  Avere  2117'6.  In  the  next  twenty-five  years,  namely 
1801-25  inclusive,  they  Avere  as  follows  for  each  successive  year: — 1801, 
2563;  1802,  644;  1803,  611;  1804,  605;  180.5,  449  ; 1806,  613; 
1807,  884;  1808,  757;  1809,  1007;  1810,  347;  1811,  291;  1812, 
167;  1813,  225  ; 1814,  126  ; 1815,  191  ; 1816,  277  ; 1817,  96;  1818, 
120;  1819,  63;  1820,  55;  1821,  14;  1822,  4;  1823,  15  ; 1824,  226; 
1825,  449.  The  rise  at  the  end  of  this  period  is  noteAvorthy  as  indicating 
the  need  for  revaccination.  The  value  of  primary  vaccination  Avas  so  fully 
recognised  in  SAveden  that  it  Avas  made  compulsory  in  1816,  but  the  need 
for  revaccination  Avas  not  then  recognised. 

In  Copenhagen  .small-pox  was  very  prevalent  up  to  1801,  when  it 
suddenly  declined,  and  even  disappeared  entirely,  there  being  no  recorded 
deaths  betAveen  1810  and  1824.  Then  it  began  to  prevail  again,  reAmccina- 
tion  having  become  necessary.  The  following  are  the  annual  small-pox 
deaths  in  Copenhagen  from  1791  to  1810  inclusiA'e  : — 297,  155,  139,  452, 
248,  .357,  42.3,  386,  54,  3.5,  486,  73.  From  1803  to  1810  the  deaths 
Avere  respectively — 5,  13,  5,  5,  2,  46,  5,  4.  Then  they  entirel}'  ceased, 
and  there  'vere  absolutely  none  during  the  next  thirteen  years. 

These  figures  indicate  the  decline  of  small-pox  in  Europe  after  vaccina- 
tion came  to  be  practised,  and  before  the  need  for  revaccination  became 
an  appreciable  factor  in  the  case.  Sanitation  has  been  spoken  of,  and  its 
influence  Avill  be  referred  to  later,  l)ut  obviously  sanibition  cannot  account 
for  any  such  abrupt  decline ; and  Ave  have  seen  that  the  difference  in  the 
practice  of  small-po.x  inoculation  is  C(|ually  inadeciuate  as  an  explanation. 
We  shall  now  go  on  to  shcAv  that  various  other  lines  of  evidence  concur 
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in  clinching  the  conclusion  that  vaccination  is  the  agency  responsible  for 
the  decline  of  small-pox. 

The  official  returns  from  1838,  when  systematic  registration  of  deaths 
in  England  and  Wales  began,  to  1890,  are  given  in  a table  in  the  Final 
Report  of  the  Royal  Commission.  For  subsequent  years,  the  figures 
have  been  kindly  supplied  to  me  by  Dr.  Tatham  of  the  General  Register 
Office  : — 


Year. 

Estimateil  Population 
to  the  Middle  of  the 
Year. 

Number  of  Dcatlis  from 
Small-pox  (witli  those 
• returned  as  from 
Chicken-pox). 

Deaths  from  Small-iK)xl 
(with  those  returned  : 
as  from  Chicken-pox) 
to  every  100,000 

living.  1 

1891 

29,085,819 

140 

0-5 

1892 

29,421,392 

554 

1-9 

1893 

29,760,842 

1,584 

5-3 

1894 

30,104,201 

928 

3-1 

1895 

30,451,528 

30,802,858 

309 

10 

1896 

692 

2-2 

1897 

31,158,245 

128 

0-4 

1898 

31,517,725 

31,881,365 

369 

1-2 

1899 

298 

0-9 

1900 

32,249,187 

212 

0-7 

1901 

32,621,263 

471 

1-4 

1902 

32,997,626 

2,587 

7-8 

1903 

33,378,338 

876 

2-6 

It  will  be  noted  that  these  figures  include  deaths  from  chicken-pox, 
but  there  is  little  chance  of  a death  registered  from  chicken-pox  being  due 
to  small-pox.  Chicken-pox  resembles  oidv  much  modified  small-pox,  which 
is  not  a fatal  disease.  The  subject  is  fully  discussed  in  my  evidence  be- 
fore the  Royal  Commission  on  Vaccination,  Sixth  Report,  pp.  345-346 
and  348-351. 

Grouping  the  figures  from  1848  to  1903,  and  stating  them  for  age- 
periods,  we  get  the  follovung  : — 


England  and  Wales 

Annual  Deuthrliates  from  Small-pox  jmr  Million  Living,  1848-1903 


Under  5. 

5-10. 

10-15. 

15-25. 

25-45. 

45  and 
Upwanls. 

1848-54 

1514 

323 

91 

110 

69 

24 

1855-64 

788-8 

209-5 

68-7 

118-9 

87-8 

36-2 

1865-74 

782-5 

333-2 

142-3 

267-2 

220-7 

87-5 

1875-84 

127-8 

62-9 

46-4 

82-4 

76-6 

33-9 

1885-94 

50-2 

14-9 

11-1 

24-0 

31-6 

19-0 

1895-1903* 

31-2 

12-6 

7-3 

10-1 

20-9 

17-5 

^ Niue  years. 
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The  ilecline  in  the  last  period  is  largelj'  due  to  lowered  fatality  of 
the  disease,  the  epidemic  type  having  in  the  main  been  very  much 
milder  than  in  the  previous  groups  of  years. 

Vaccination  was  introduced  in  the  beginning  of  the  nineteenth 
century,  the  National  ^’accine  Establishment  was  endowed  in  1808, 
gratuitous  vaccination  of  the  poor  was  provided  from  local  rates  in  1840, 
and  the  first  obligatory  law  was  passed  in  1853.  Boards  of  Guardians 
were  empowered  to  appoint  vaccination  officers  by  the  Act  of  1867,  such 
appointments  were  made  compulsory  by  the  Act  of  1871,  and  various 
changes  in  the  law,  including  the  introduction  of  an  exemption  clause, 
were  made  in  the  Act  of  1898.  The  table  shews  how  at  all  ages  small- 
pox has  declined  since  vaccination  began,  and  attention  will  subsequently 
be  called  to  the  different  rate  of  diminution  at  different  periods  of  life, 
but  certain  special  illustrations  of  the  influence  of  vaccination  will  now 
be  given. 

Small  pox  Attack-Rates  among  the  Vaccinated  and  Unvaeeinated. — 
The  total  relative  proportions  of  the  vaccinated  and  unvaccinated  in  the 
communities  is  sufficiently  known  to  allow  of  a broad  comparison  between 
the  attack-rate  of  the  disease  amongst  the  vaccinated  and  unvaccinated 
respectively.  Small-pox  hospitals  are  open  alike  to  vaccinated  and  un- 
vaccinated, and  hospital  treatment  of  small-pox  is  now  so  general  that  the 
proportions  of  the  two  classes  admitted  to  hospital  may  usefully  be  compared 
with  their  proportions  in  the  relative  communities.  These  comparisons  are 
subject  to  one  important  reservation.  Infantile  vaccination,  as  Ave  shall 
see,  does  not  give  peiananent  protection  against  small-pox  attack,^  and 
revaccination  is  so  incompletely  carried  out  in  this  country  that  attack- 
rates  are  very  much  higher  than  if  it  Avere  practised  even  to  the  same 
incomplete  extent  as  primary  vaccination. 

BetAA'een  1873  and  1884  Dr.  W.  Gay  ton  at  Homerton  Small-pox 
Hospital  had  charge  of  10,403  small-pox  cases.  Amongst  these  he  found 
that  the  admissions  under  ten  years  old  were  2493,  of  Avhom  1187  Avere 
unvaccinated  and  1306  were  “vaccinated,”  the  latter  term  including  all 
degrees  of  vaccination  and  even  those  said  to  have  been  vaccinated  but 
without  any  marks  of  the  operation.  The  unvaccinated,  therefore,  Avere 
4 7 '6  per  cent  of  the  total.  At  Fulham  Hospital  Dr.  SAveeting  reported 
that  between  the  years  1880  and  1885,  of  370  children  under  ten  168, 
or  45 ‘4  per  cent,  Avere  un vaccinated.  These  figures  refer  to  a time  when 
the  London  vaccination  default  Avas  less  than  10  per  cent,  so  that  the 
unA'accinated  children  yielded  in  proportion  to  their  numbers  five  times 
a.s  many  small-pox  cases  as  the  vaccinated. 

But  one  ho.spital  in  London  had  a different  and  exceptional  experience, 
which  is  of  special  interest.  The  “ London  Small-pox  Hospital  ” Avas 
founded  in  1746,  and  continued  to  exist  after  the  Metropolitan  Asylums 
Board’s  ho.spitals  Avere  established.  It  Avas  not  a rate-supported  institu- 
tion, but  received  paying  patients  from  a better  class  of  the  community. 

' It  Kiven  more  jirolongeil  protection  ajrain.st  <leatli  Ijy  amall-po.\  than  against  attack. 
See  ji.  7^0. 
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For  many  yotars  before  its  wards  at  Higligate  were  closed,  it  accepted  no 
patients  under  seven  years  old,  and,  therefore,  excluded  the  period  of 
life  most  under  the  influence  of  vaccination.  In  these  circumstances  the 
proportion  of  vaccinated  patients  admitted  to  hospibd  was  as  high  as 
93  per  cent,  and  in  1888-91  every  one  of  fourteen  cases  admitted  had 
been  vaccinated.  This  hospital  therefore  was  the  exception  which 
proved  the  ride. 

In  his  report  to  the  Royal  Commission  upon  London  small-pox 
outbreaks  in  1892-93,  Dr.  A.  P.  Luff  stated  that  of  2353  cases  at  all 
ages  about  which  he  obtained  information  there  were  409  unvaccinated 
persons,  or  17’3  per  cent.  Under  ten  years  of  age  there  were  358 
attacks,  and  of  these  228  were  unvaccinated,  or  6 3 ’7  per  cent.  From 
1872  onwards  the  neglect  of  vaccination  did  not  nearly  amount  to  17 
per  cent,  much  less  G3  per  cent. 

Small-pox  Attack-Rates  amongst  the  Vaccinated  and  Unvaecinated 
in  Houses  invaded  by  the  Disease. — Another  illustration  of  the  influence 
of  vaccination  in  checking  small-j30x  prevalence  is  to  be  found  in  the 
data  ascertained  as  to  the  attack-rate  of  the  disease  on  the  vaccinated 
and  unvaccinated  inmates  of  houses  actually  invaded  by  small-pox.  The 
data  are  recorded  in  the  Report  of  the  Royal  Commission,  and  they 
constitute  a control  experiment  which  is  practically  beyond  serious 
criticism,  and  is,  indeed,  hardly  open  even  to  quibbling  comment. 
Inquiries  on  the  lines  indicated  were  instituted,  not  merely  in  towns 
like  Sheffield  where  infantile  vaccination  had  been  well  attended  to,  and 
where  it  might  be  alleged  that  the  unvaccinated  included  an  appreciable 
proportion  of  sickly  children  certified  unfit  for  the  operation  ; the  in- 
vestigations refer  also  to  Dewsbury,  Leicester,  and  Gloucester,  centres  of 
anti-vaccination,  where  the  unvaccinated  could  not  be  regarded  as 
“ quality  as  well  as  a quantity  ” excepting  in  this  sense,  that  according  to 
the  views  of  anti-vaccinists  those  who  declined  vaccination  in  these  towns 
would  be  a specially  intelligent  population,  giving  due  heed  to  the 
health  of  their  children,  whilst  the  children  themselves,  inasmuch  as 
they  had  not  been  subjected  to  the  health-destroying  Jennerian  rite, 
would  be  in  an  exceptionally  good  position  to  resist  attack  by  small-pox. 
The  vaccinated  and  unvaccinated  inmates  of  the  invaded  houses  were  in 
other  respects  in  the  same  position  as  regards  exposure  to  infection  and 
ability  to  resist  it.  They  breathed  the  same  air,  ate  the  same  food,  lived 
in  the  same  domestic  and  municipal  environment,  attended  the  same 
schools,  or  wore  engaged  in  similar  occupations,  and  were  equally  exposed 
to  infection  from  existence  of  the  disease  in  their  own  dwellings.  The 
sole  difference  was  that  some  were  vaccinated  and  some  were  un- 
vaccinated. In  these  circumstances  what  heed  did  small-pox  give  to 
the  vaccinal  condition  of  the  inmates  1 The  answer  is  unequivocal.  In 
Warrington,  of  2535  persons  living  in  invaded  households  688  were  under 
ten  years  old.  Of  these  633  were  vaccinated  and  55  un vaccinated.  Of 
the  633  vaccinated,  28  were  attacked,  or  4'4  per  cent.  Of  the  55 
unvaccinated,  30  were  attacked,  or  54‘5  per  cent.  In  ill -vaccinated 
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Dewsbury,  in  54-i  invaded  houses  regariling  which  information  was 
obtained,  the  number  of  the  vaccinated  under  ten  years  old  was  408, 
anti  of  these  42  were  attacked,  or  10-2  per  cent,  while  the  nnvaccinatcd 
of  the  same  age  amounted  to  811,  and  of  these  158  were  attacked,  or 
50‘S  per  cent.  In  still  less  vaccinated  Leicester,  in  invaded  houses 
reported  ou  by  Dr.  Sidney  Coupland,  the  vaccinated  child  population 
was  78,  with  2 attacks,  or  2'5  per  cent  of  the  total,  while  the  un- 
vaceinated  child  population  was  283,  with  100  attacks,  or  35 '3  per  cent 
of  the  total.  In  Gloucester,  where  neglect  of  vaccination  was  notorious 
for  years  before  small-pox  came  and  left  the  town  the  best  vaccinated  in 
the  British  dominions,  information  was  obtained  regarding  899  invaded 
houses  out  of  a total  of  1097.  The  total  vaccinated  population  under 
ten  years  old  in  these  was  272,  and  the  attacks  were  24,  or  8'8  per  cent, 
while  the  total  unvaccinated  child  population  was  1331,  and  the  attacks 
were  617,  or  46'3  per  cent. 

All  these  figures  refer  to  children  under  ten  years  of  age.  Above 
that  age  the  contrast  betAveen  A’accinated  and  unvaccinated  is  not  nearl}'^ 
so  great,  because  the  protectit-e  power  of  vaccination  against  attack  by 
small-pox  has  diminished,  and  the  time  for  revaccination  has  come.  Yet 
even  over  ten  years  of  age  primary  A'accination  retains  a very  appreciable 
protective  influence  against  attack  (still  more  so  against  death)  as  will  be 
seen  by  the  figures  iu  the  folloAving  table  : — 


i 

Attack-Rate  under  Ten. 

Attack-Rate  over  Ten. 

j Vaccinated. 

Unvaccinated. 

A’accinated. 

Unvaccinated. 

; 

i Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Warrington  . 

. 1 4-4 

54 -.0 

29-9 

57  "6 

Dew.sburv 

10-2 

50-8 

27-7 

53-4 

Leicester 

2-.5 

•35  *u 

22-2 

47-6 

Gloucester  . 

8-8 

46 -a 

32  2 

50-0 

Even  among  persons  over  ten  years  of  age,  therefore,  the  vaccinated 
still  possess  a great  advantage  over  the  un vaccinated  in  the  matter  of 
resistance  to  small-pox  attack.  The  total  cases  on  which  these  rates  are 
ba.sed  cannot  be  criticised  as  insufficient  to  yield  reliable  results.  In  the 
invaded  houses  enumerated,  in  WaiTington  the  vaccinated  population  Avas 
2387  and  the  unA'accinated  107.  In  DcAvsbury  there  Avere  in  the  invaded 
homses  2315  persons  vaccinated  (including  cases  of  alleged  vaccination) 
and  605  unvaccinated  persons  (including  those  “ under  Amccination  ”).  In 
Leicester  the  similar  figures  Avere  841  for  the  vaccinated  and  388  for  the 
unvaccinated,  and  in  Gloucester  in  the  enumerated  houses  the  A'accinated 
numbered  3386  and  the  unvaccinated  1475. 

Other  special  illustrations  of  the  protective  effect  of  vaccination  are 
to  be  found  in  the  experience  of  particular  cl.asses  of  the  population, 
among.st  Avhom  vaccination  is  specially  practised  — such  as  the  postal 
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service,  the  {irniy  and  navy,  and  small-pox  nurses — hut  this  evidence 
conies  in  more  conveniently  when  discussing  revaccination  {mde.  p.  787). 

The  Age-Ineidenee  of  Small  pox. — Under  this  heading  some  of  tlie 
most  important  evidence  is  found  of  the  power  of  vaccination  to  prevent 
small-pox.  In  the  history  of  epidemic  disease  there  is  perhaps  nothing 
more  striking  than  the  remarkable  change  ivhich  has  taken  place  in  the 
age-incidence  of  small-pox.  In  prevaccination  times  small-po.x  was  a 
disease  of  childhood  just  as  much  as  whooping-cough  and  measles  were 
and  are.  As  in  whooping-cough  and  measles  so  in  small-pox,  some 
difterence  no  doubt  existed  in  age-incidence  as  between  toivn  and  country 
communities,  opportunities  for  infection  being  more  frequent  in  the  former 
than  in  the  latter,  and  the  age-incidence  being  correspondingly  lower. 
In  country  districts  having  little  traffic  with  the  outside  world,  op- 
portunity for  infection  might  be  deferred  until  adult  life,  and  in  towns, 
therefore,  where  population  was  appreciably  increased  by  rural  im- 
migration, among  these  immigrants  there  would  often  be  adult  cases  of 
small-pox,  and  even  amongst  the  town-born,  small-pox  attack  might 
occasionally  be  deferred  till  late  in  life,  just  as  we  find  to  be  the  case 
with  measles,  scarlet  fever,  and  whooping-cough. 

The  earliest  available  statistics  of  age-incidence  relate  to  the  town  of 
Geneva,  and  refer  to  the  long  period  of  180  years  from  1580  to  1760. 
The  figures  are  so  remarkable  that  they  are  here  given  in  full,  and  are  as 
follows  : — 

Genkv.a,  1580-1760 
Small-jwx  Deaths  at  various  Ages,  25,319 


Years. 


6792  in 

age  class 

0-1  = 

26-8  per 

cent  of  the  total. 

.'•>416 

1-2  = 

21-4 

11 

4116 

2-3  = 

16-2 

11 

2826 

3-4  = 

111 

11 

1928 

4-5  = 

7 '6 

1325 

5-6  = 

5-2 

11 

944 

6-7  = 

3-7 

11 

543 

7-8  = 

2-5 

11 

464 

8-9  = 

1-8 

'1 

345 

91 

9-10  = 

1-4 

11 

267 

11 

10-15  = 

1-0 

11 

141 

11 

15-20  = 

0-6 

11 

87 

11 

20-25  = 

0-3 

11 

48 

11 

25-30  = 

0-2 

11 

17 

„ above  30  = 

01 

■< 

The  small-pox  deaths  recorded  in  the  above  table  amounted  to  a total 
of  25,349.  Of  these  26'8  per  cent  were  under  one  year  of  age,  and  56’3 
per  cent  were  between  one  and  five  years,  whilst  only  2'2  per  cent  of  the 
the  total  wei-e  over  ten  years  old. 

In  Kilmarnock  a register  of  burials  was  kept  from  1728  to  1764 
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inclusive,  ;uk1  the  ages  ami  causes  of  death  are  stated.  The  total 
small-po.\  deaths  were  G22,  and  no  less  than  98'8  per  cent  of  these 
were  under  ten  years  old.  Of  the  622  there  were  under  one  year 
118,  between  one  and  two  3^ears  146,  between  two  and  three  years 
136  cases,  between  three  and  four  years  101,  between  four  and  five  years 
62,  and  between  five  and  six  years  23.  In  an  epidemic  in  Chester  in 
1774  there  were  202  deatlis,  not  one  of  the  cases  being  over  ten  years 
old,  and  51  being  less  than  one  year  old.  Without  going  further  into 
detail  as  to  prevaccination  times  it  may  be  enough  to  state  that  in  a 
totiil  of  36,755  small-pox  deaths  at  all  ages  occurring  in  Kilmarnock, 
Edinburgh,  Manchester,  Warrington,  Chester,  Geneva,  and  the  Hague,  in 
various  prevaccination  periods  from  1580  onwards,  17,252  were  under 
two  years  old.  In  Berlin,  Dr.  Edwardes  notes  that  in  seventeen  years, 
1758-74,  of  6705  small-pox  deaths  only  45  were  over  fifteen  years  old, 
and  in  the  Prussian  county  Wernigerode,  in  1796,  of  817  small-pox  deaths 
only  30  were  over  ten  years  old,  and  only  1 over  fifteen  years  old. 

The  reason  why  small-pox  so  rarely  attacked  adults  is  obvious.  At 
all  ages  above  childhood  the  population  consisted  practically  of  persons 
who  had  been  attacked  by  small-pox,  and  had  perhaps  been  disfigured  or 
permanently  injured,  but  Avho  yet  had  been  left  alive  to  enjoy  the 
protection  obtained  at  whatever  cost.  Even  then  immunity  was  not 
absolute,  but  it  was  very  great. 

Small-pox  being  originally  a disease  of  childhood,  the  influence  of 
vaccination  on  its  age-incidence  in  modern  times  must  now  be  considered. 
That  influence  is  twofold.  In  the  first  place,  by  reducing  the  number  of 
persons  susceptible  to  attack  in  any  given  jjopulation  it  reduces  the  chance 
of  small-pox  epidemics  being  established,  and  by  lengthening  the  intervals 
between  epidemics  it  raises  the  general  age-incidence  of  the  disease.  This 
result  applies  also  to  the  unvaccinated.  Secondly,  by  rendering  the  once 
vaccinated  insusceptible  to  attack  by  small-pox  for  a varying  number  of 
years  after  the  performance  of  the  operation,  it  raises  the  incidence  of  the 
disease  amongst  those  ultimately  attacked  to  a much  higher  range  of  ages 
than  amongst  the  unvaccinated.  We  therefore  expect  to  find  in  the  first 
place  that,  taking  the  nation  as  a whole,  including  the  unvaccinated,  the 
age-incidence  will  be  considerably  higher  than  in  pi'evaccination  times ; 
secondly,  that  though  under  the  protection  given  to  whole  communities 
by  vaccination  even  the  unvaccinated  are  benefited,  yet  there  will  remain 
an  obvious  difference  between  the  age -incidence  of  the  disease  amongst 
them  as  compared  with  the  vaccinated  and  revaccinated.  The  following 
tahile,  taken  up  to  1894  from  the  Ro3'^al  Commission’s  Report,  and  for 
subsequent  years  from  figures  kindly  supplied  to  me  by  Dr.  Tatham  of 
the  Genera]  Register  Office,  justifies  the  first  expectation.  It  shews  for 
successive  quintpiennia  from  1848  to  1903  * the  distribution  into  various 
ages  of  1000  .small-pox  deaths  at  all  ages  : — 


' Tlie  last  ptrioil  only  iiielmles  four  yc.ars. 
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ENfiLANI)  AND  WALKS 


Deaths  from  Small-pox  at  certain  Age-Periods  to  1000  Deaths  from  Small-pox 

at  all  Ages 


1-5. 

5-10. 

10-15. 

15-25. 

25-45. 

45  and 
UpwardH. 

1848-54 

677 

130 

33 

75 

G7 

18 

1855-59 

559 

144 

37 

117 

112 

31 

1860-64 

550 

108 

42 

123 

133 

44 

1865-69 

545 

103 

33 

126 

145 

48 

1870-74 

312 

140 

58 

200 

224 

66 

1875-79 

241 

113 

72 

218 

266 

90 

1880-84 

235 

98 

68 

216 

286 

97 

1885-89 

191 

54 

51 

229 

344 

129 

1890-94 

283 

50 

26 

131 

338 

172 

1895-99 

263 

132 

26 

107 

332 

140 

1900-1903 

197 

64 

51 

119 

349 

2-20 

Concerning  this  table  it  is  necessary  to  be  quite  clear  on  one  point. 
It  gives  no  indication  either  of  increase  or  decrease  of  small-pox  pi  evalence. 
The  figures  refer  solely  to  the  distribution  among  different  periods  of  life 
of  every  1000  deaths  from  the  disease  at  all  ages.  In  every  line,  there- 
fore, the  figure  1000  has  to  be  reached,  and  diminution  of  one  age-period 
must  l)e  counterbalanced  by  increase  at  another  age-period.  The  decrease 
in  small-pox  mortality  since  1848  has  been  shewn  for  different  age-periods 
in  the  table  at  p.  772. 

The  earliest  period  of  years  in  the  present  table,  namely  1848-54, 
was  not  under  the  influence  of  the  Vaccination  Act  of  1853.  Before 
1853  there  had  been  much  vaccination,  but  the  average  age  at  which  the 
operation  was  performed  would  be  much  higher  than  after  the  passage  of 
the  obligatory  Act,  though,  from  the  want  of  any  sufficient  machinery 
for  its  administration,  that  Act  left  much  to  be  desired.  In  the  years 
1848-54,  of  1000  deaths  from  small-pox,  the  number  under  five  years  old 
was  677,  as  contrasted  with  the  831  in  the  Geneva  table  at  p.  776.  Thus, 
a very  perceptible  difference  had  already  occurred.  Under  the  influence 
of  the  successive  Acts  of  1853,  1867,  and  1871  the  vaccination  of 
infants  was  more  and  more  attended  to,  and  the  table  shews  that  the 
proportion  of  small-pox  attacks  under  five  years  of  age  steadily  diminished 
up  to  1889.  Then  a curious  phenomenon  becomes  observable.  In  the 
decade  1890-99  there  is  a definite  rise  in  the  proportion  of  small-po.x 
borne  by  children  under  five  and  ten  years  old,  and  in  1900-1903  it 
occurs  in  the  age-period  10-15  years.  This  rise  is  only  what  might 
have  been  expected  in  presence  of  increasing  neglect  of  infantile  vaccina- 
tion prior  to  the  passing  of  the  Abaccination  Act  of  1898.  Under  that 
Act  infantile  vaccination  has  again  increased,  and  infantile  share  of 
small-pox  has  again  diminished. 

Small-pox  Age-Ineidenee  in  the  Vaccinated  and  Unvaeeinated. — As 
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:ih-e:uly  explained,  the  table  on  p.  778,  shewing  alteration  of  age-incidence, 
includes  both  vaccinated  and  unvaccinated.  It  is  necessary  now  to  see 
what  are  the  facts  regarding  the  vaccinated  as  distinguished  from  the 
nnvaccinated.  In  the  Local  Government  Board’s  Keport  for  1884  some 
Kgures  were  given  with  regard  to  London  in  that  year,  and  as  they  can 
seldom  be  similarly  obtained  the}’  should  be  noted.  At  that  time,  of 
1000  deaths  from  small-pox  among  the  vaccinated  and  unvaccinated 
jointly,  343  were  under  ten  years  old.  But  in  1000  unvaccinated  the 
number  under  ten  years  was  G12,  whilst  among  1000  vaccinated  it  was 
only  86.  The  612,  Jis  contrasted  with  the  Geneva  961  and  the 
Kilmarnock  988  of  prevaccimition  times,  indicates  roughly  the  benefit 
which  the  nnvaccinated  had  received  from  the  practice  of  vaccination. 
The  figure  86,  as  contrasted  with  988  and  961,  indicates  the  boon 
conferred  on  the  vaccinated  by  their  personal  protection.  Had  all 
the  population  been  vaccinated  in  the  first  months  of  life  the  figure 
would  have  been  even  lower  than  86,  as  those  of  the  vaccinated  udiose 
insusceptibility  to  attack  had  already  diminished  would  have  had  less 
opportunity  of  receiving  infection  if  they  had  been  living  in  the  midst  of 
an  entirely  vaccinated  population. 

Age -Incidence  in  Certain  Epidemics. — The  distinction  may  be 
exemplified  in  a different  fashion ; the  material  for  this  was  well 
brought  out  by  the  Royal  Commission  on  Vaccination.  Epidemics 
occurring  in  six  populations,  differing  greatly  with  regard  to  vaccina- 
tion default,  were  investigated  by  them.  In  Warrington  and  Sheffield 
the  default  in  antecedent  years  had  been  very  slight,  and  the  percentages 
of  total  small-pox  borne  by  children  under  ten  years  of  age  in  these 
two  towns  were  22’5  and  2-5'6  respectively.  In  London  in  the  years 
1883  to  1891  vaccination  default  had  been  greater,  amounting  to 
about  10  per  cent.  In  London,  accordingly,  children  under  ten  years 
old  bore  a higher  proportion  of  the  total  small-pox,  namely,  36 '8  per 
cent.  In  Dewsbimy,  from  1882-92  the  vaccination  default  Avas  32'3 
per  cent,  and  Avhen  small-pox  struck  the  town  the  children  under  ten 
constituted  .51 '8  per  cent  of  the  total  cases.  In  Gloucester  anti- 
vaccination had  become  increasingly  and  remarkably  popular  in  the 
ten  years  preceding  the  epidemic.  The  default  had  groAvn  from  10’6  in 
1885  to  not  less  than  85‘1  in  1894.  Then  the  epidemic  came,  and 
the  children  under  ten  bore  64'5  per  cent  of  the  total  attacks  in  the 
town.  In  Leicester  the  default  had  not  climbed  so  high  as  85‘1  per 
cent,  but  it  had  been  steadier  than  in  Gloucester,  so  that  from  43 ’8  jjer 
cent  in  1883  it  had  reached  80T  per  cent  in  1892,  and  in  that  town 
the  children  bore  71 ’4  per  cent  of  the  total  outbreak.^ 

Still  another  illustration  of  the  manner  in  which  age-incidence  is 
influenced  by  vaccinal  condition  is  to  be  found  in  statistics  of  small-j)ox 
amongst  infants.  In  Scotland,  where  the  Compulsory  A'accination  Act 
dates  from  the  year  1863,  the  compulsory  age  is  six  months.  The  first 

' Detliicting  three  dentliM  which  occurred  aiiioiif’  children  in  a scarlet  fever  ward  through 
proximity  to  the  small-pox  Imspital.  the  proportion  left  is  GG'G  |icr  cent,  not  71 ' I. 
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half-}-ear  of  life,  therefore,  is  the  period  which  is  not  under  the  influence 
of  the  Act.  In  tlie  nine  years,  1855-1863,  prior  to  the  Vaccination  Act 
children  under  si.\  months  old  had  amongst  them  139  deaths  out  of  every 
1000  occurring  at  all  ages.  In  the  years  1864-1887,  that  is  the  twenty-four 
years  subsequent  to  the  passing  of  the  Act,  children  under  six  months  old 
still  bore  138  of  every  1000  small-pox  deaths.  The  Act  had  practically 
no  effect  on  them.  The  second  half-year  of  life  is  the  first  age-period 
under  the  influence  of  the  law  of  1863.  In  the  nine  years  prior  to  the  .-Vet 
they  had  borne  1 53  of  every  1000  small-pox  deaths,  and  in  the  twenty-four 
years  subsequent  to  it  their  share  was  only  47.  These  figures  are  capable 
of  no  other  interpretation  than  that  vaccination  made  the  difference.  In 
the  first  quinquennium  of  life  in  the  nine  years  1865-1873,  there  were 
413  of  every  1000  small-pox  deaths,  while  in  the  twenty-four  years 
1864-1887,  there  were  only  137.  The  total  actual  small-pox  deaths 
occurring  in  these  two  periods  were  in  the  nine  prior  years  8807,  and  in 
the  twenty-four  subsequent  years  9240.^  The  totals,  therefore,  are 
sufficiently  large  to  make  the  conclusions  statistically  reliable. 

Yet  another  instance  of  the  same  truth  may  be  mentioned.  In 
Germany  the  compulsory  vaccination  age  is  in  the  second  year  of  life, 
so  that  the  first  two  years  may  be  taken  for  the  control  experiment  here. 
And  as  recorded  by  Dr.  Sweeting,  the  returns  of  the  Imperial  Health 
Office  shew  that  in  the  five  years  1886-1890,  of  735  small-pox  deaths  at 
all  ages,  301,  or  41  per  cent,  were  under  two  years  old.  In  the  same  five 
years  in  England  and  Wales,  in  1846  deaths  from  small-pox  at  all  ages, 
219  were  under  one  year  old  and  43  between  one  and  two  years,  so  that 
the  percentage  under  two  }mars  was  only  14T9.  In  view  of  statistics  like 
these,  no  other  explanation  of  the  altered  age-incidence  of  small-pox  is 
feasible  than  that  its  cause  is  to  be  found  in  vaccination. 

Fatality  of  Small-pox. — Long  after  infantile  vaccination  has  ceased 
to  give  aljsolnte  protection  against  attack  by  small-pox,  it  continues  to 
give  a large  degree  of  protection  against  death  by  small-pox.  It  has  a 
modifying  as  well  as  a preventive  influence.  To  prove  this  it  is  necessary 
to  refer  to  the  case-mortality  of  small-pox  in  its  relation  to  vaccination. 
.\s  with  regard  to  age -incidence,  so  with  regard  to  case-mortality,  it 
would  be  most  important  to  ascertain  the  facts  for  prevaccination  times. 
Unfortunately  this  appears  to  be  jiractically  impossible.  The  fatality 
of  natural  small-pox  is  very  high  in  the  first  years  of  life,  and  decreases 
quickly  until  its  minimum  is  reached  in  the  age-period  of  10-15  years, 
after  which  it  rises  again.  No  statement  of  case-mortality  for  any 
particular  small-pox  outbreak  is  therefore  of  much  value  unless  the  age- 
incidence  of  the  disease  in  that  particular  outbreak  is  known,  and  it 
happens  that,  so  far,  hardly  any  statistics  have  come  to  light  giving 
information  on  both  points. 

Some  figures  exist  for  the  village  of  Aynho  in  Northamptonshire, 
and  for  the  various  age-periods  there  the  case-mortality  quite  coincides 
with  what  is  often  experienced  among  the  unvaccinated  in  the  present 
’ From  this  figure  59  should  he  deducted  for  chicken-pox. 
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day,  namely,  a high  mortality  at  the  earliest  ages,  a low  moi'tality  in 
youth,  and  a high  fatality  in  later  life.  But  the  total  cases  at  A}udio 
were  only  132,  and  the  age-distribution  is  so  peculiar  in  respect  of  the 
very  small  number  under  five  years  and  the  entire  absence  of  cases  under 
two  yeai"s,  that  Aynho  cannot  be  relied  on  for  any  general  conclusions. 
Pr.  Jurin,  then  Secretary  to  the  Koyal  Society,  collected  some  statistics 
relating  to  certain  towns  in  Yorkshire  in  certain  years  between  1720 
and  1730,  and  the  fatality-rate  given  is  about  IG‘5  per  cent;  but 
unfortunately  the  ages  are  not  stated,  and  there  is,  in  my  opinion, 
much  reason  to  doubt  whether  small-pox  deaths  occurring  in  the  first 
two  yeai-s  of  life  are  included.  Bernouilli  stated  that  in  young  children 
one-third  died  (Edwardes).  It  is  obvious,  however,  that  in  prevaccina- 
tion times  small-pox  varied  greatly  in  severity  of  type.  Dr.  Wagstaffe 
wTOte  that  there  is  a kind  of  small-pox  which  a doctor  cannot  cure  and 
another  kind  which  a nurse  cannot  kill.  Not  only  did  the  fatality  vaiy 
as  between  case  and  case  but  also  as  between  epidemic  and  epidemic. 
There  is  evidence  that  the  deaths  w'ere  occasionally  as  few"  as  1 in 
40,  and  sometimes  as  many  as  1 in  3,  or  2 in  5.  In  the  London 
Small-pox  Hospital  in  1746-63  the  fatality-rate  w’as  25'3  per  cent,  and  in 
the  last  twenty-five  years  of  the  eighteenth  century  it  was  32  per  cent. 
Dr.  Edwardes  notes  that  in  1781  there  w"ere  in  the  hospital  257  deaths  in 
646  cases,  or  40  per  cent.  The  records  of  the  Danish  Government  state 
that  in  Iceland  in  1707,  in  a population  of  about  50,00(1,  there  were 
18,000  deaths.  This  is  probably  an  example  of  an  outbreak  in  a 
community  which  had  been  for  many  years  unvisited  by  the  disease,  and 
even  if  we  take  the  almost  impossible  view  that  every  individual  w"as 
attacked  in  1707,  the  fatality-rate  in  the  population  of  50,000  w'ould  be 
36  per  cent,  but  it  is  practically  certain  to  have  been  considerably" 
higher. 

Perhaps,  however,  the  fatality-rate  of  natural  small-pox  in  the  unpro- 
tected in  the  eighteenth  century  may  ha.ve  been  lower  than  in  the 
nineteenth.  Looking  to  the  ravages  of  the  disease  in  prevaccination 
times,  it  is  reasonable  to  suppose  that  a very"  large  proportion  of  the 
population  of  the  eighteenth  centuiy  must  have  been  the  descendants  of 
those  who  had  been  able  to  resist  death  by  small-pox.  But  protection 
by'  variolation  in  the  second  half  of  the  eighteenth  century,  and  by 
vaccination  in  the  nineteenth,  must  have  preserved  from  fatal  small-pox  a 
large  part  of  the  specially  susceptible  population  of  these  times,  w’hose 
offspring  might  inherit  their  susceptibility",  and  w'hen  small -pox  did 
return  after  long  intervals,  the  unprotected  population  might  manifest  a 
greater  average  liability  to  death  than  before.  This,  how'ever,  is  very 
.“fHJCtilative,  and  the  fact  remains  that  w'c  can  make  no  useful  comparison 
of  the  fatiility-rate  of  small-pox  in  the  eighteenth  century  w'ith  that  of  the 
unvaccinated  in  the  nineteenth  century,  so  we  are  now"  practically  con- 
fine<l  to  comparisons  between  the  fatality  of  the  disease  among  the 
vaccinated  and  unvaccinated  in  modern  epidemics. 

As  in  the  eighteenth  century  .so  in  the  nineteenth,  and  already’  in  tlic 
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twentieth  the  type  of  sinall-pox  has  differed  in  different  epidemics.  In 
the  pandemic  of  1870-74  it  was  severe,  and  the  fatality-rate  was  high. 
Within  the  last  decade,  on  the  contrary,  there  has  been  in  America, 
Trinidad,  and  elsewhere,  a remarkably  mild  type  of  small-pox,  and  in  our 
own  country  some  approach  to  that  type  has  now  been  manifested.  The 
American  outbreak,  indeed,  brings  to  mind  a “sport”  of  small-pox  which 
existed  in  Gloucestershire  in  1789,  and  was  much  studied  by  Jenner  and 
one  of  the  medical  societies  of  which  he  was  an  active  member.  Jenner 
had  not  yet  begun  vaccination,  and  he  discussed  the  question  whether  the 
much  modified  small-pox  of  the  then  existing  epidemic  might  not  be 
used  as  a source  of  future  small-pox  inoculation,  so  as  to  set  up  an  even 
milder  disease  than  resulted  from  inoculation  according  to  the  methods 
which  had  been  introduced  by  the  Buttons,  Dimsdale,  and  others.  Dr. 
Adams  of  the  London  Small-pox  Hospital  in  the  year  1806  reported 
on  a similar  mild  variolous  disease  which  at  that  time  was  known  by  the 
name  of  pearl-pox. 

Leaving  these  questions  and  coming  now  to  the  ascertained  facts 
regarding  the  fatality  of  small-pox  in  the  vaccinated  and  unvaccinated, 
the  statistical  material  is  superabundant.  At  the  London  Small-pox 
Hospital  in  nearly  6000  cases,  in  18.38  to  186.5,  as  recorded  by  Mr. 
Marson,  the  fatality  amongst  the  unvaccinated  was  35 ‘5  per  cent,  and  in 
the  vaccinated  87  per  cent.  Dr.  W.  Gayton  in  his  digest  of  over  10,000 
cases  treated  by  him  in  the  metropolitan  hospitals  found  that  among 
2169  unvaccinated  persons  there  were  938  deaths,  or  43  per  cent,  and 
among  8234  vaccinated  persons,  including  all  doubtful  cases,  there  were 
869  deaths,  or  10'5  per  cent.  In  Fulham  Hospital  in  1880-85,  Dr. 
Sweeting  found  that  in  358  unvaccinated  cases  there  were  165  deaths,  or 
46  per  cent,  and  that  in  2226  vaccinated  cases,  including  even  those  who 
were  only  said  to  be  vaccinated  but  bore  no  marks,  there  were  263 
deaths,  or  1 1 ’4  per  cent.  In  the  hospitals  of  the  Metropolitan  Asylums 
Board  in  1901-2  there  were  treated  9659  cases  of  small-pox,  with  1629 
deaths.  Among  6945  vaccinated  cases,  including  all  degrees  of  vaccina- 
tion and  all  ages  of  patients,  there  were  705  deaths,  or  11 '5  per  cent.  In 
2278  unvaccinated  cases  there  were  753  deaths,  or  337  per  cent.  The 
“doubtful”  cases  were  436  with  171  deaths,  and  these  maybe  added 
either  to  vaccinated  or  unvaccinated  without  seriously  altering  the  fatality- 
rates.  In  Belvidere  Hospital,  Glasgow,  in  1900-1  there  were  122 
unvaccinated  cases  with  63  deaths,  or  51 '6  percent,  and  1688  vaccinated, 
including  all  doubtful  cases,  with  175  deaths,  or  10’4  per  cent.  But  it 
has  already  been  pointed  out  that,  in  the  matter  of  small-po.x  fatality,  the 
ages  of  the  attacked  must  be  notecl.  Dividing  Dr.  Gayton’s  total  patients 
according  to  their  ages,  and  still  retaining  in  the  vaccinated  class  all  who 
wei'C  alleged  to  have  been  vaccinated,  or  who  had  an}^  marks  of  vaccina- 
tion no  matter  how  trivial,  the  following  were  the  comparative  rates  of 
the  vaccinated  and  the  un vaccinated  ; — 


y.4CC/NA7'/O.V  AS  A Bh'ANCH  OF  I'KEVENTIVE  MEDICINE  783 


1 

j 

UiivatTlimtt'd. 
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impiTfc'cl  marks,  and  all 
allr^i'd  to  be  vaccinated  but 
out  any  evidence  of  vaccination. 
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III  the  Metropolitan  Asylums  Board  hospitals  in  1901-2,  for  which  the 
all-age  figures  are  given  above,  there  were  134  attacks  among  vaccinated 
persons  under  ten  years  old,  and  only  2 of  these  died,  or  1 -5  per  cent. 
Amongst  the  unvaccinated,  the  cases  under  ten  years  old  were  1274,  and 
the  deaths  442,  or  34'7  per  cent. 

The  figures  already  given  for  Belvidere  Hospital,  when  divided 
according  to  ages,  are  as  stated  in  the  following  table,  in  which  once  more 
all  “ doubtful  ” cases  are  included  among  the  vaccinated  ; — 

Gla.sgow  Epidemic,  1900-1901 


Small-pox  Fatalitji-Iiate,  at  different  Age-Periods,  in  the  Unvaccinated  as 
compared  mth  the  Vaccinated  (indiuling  all  “ doubtful  ” cases) 


.\ge. 

Unvaccinated. 

Vaccinated. 

Ca.se.s. 

Deaths. 
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Pit  Cent. 

Per  Cent. 
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7 

6 
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30 

24-2 

1 .v5-65 

33 

14 

42-4 

05  anil  over 

15 

5 

33-3 

) All  ages 

1 

122 

63 

51  -6 

1688 

175 

10-4 

Coming  next  to  the  epidemics  investigated  on  behalf  of  the  Boyal 
Commission,  similar  information  is  contained  in  the  Final  Beport.  In 
lA^ndon,  in  1892-93,  I 10  vaccinated  children  under  ten  years  of  age  were 
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attacked  by  small-pox  and  none  died.  If  to  these  be  added  20  of  the 
“doubtful”  class  with  6 deaths,  the  percentage  becomes  4'6.  Of  a 
similar  age  228  unvaccinated  were  attacked  and  61  died,  or  267  per 
cent.  Of  the  vaccinated  over  ten  years  old  1643  were  attacked  and  39 
died,  or  2 '3  percent.  If  all  “ doubtful”  cases  be  added  to  these,  the 
attacks  become  1814  with  77  deaths?,  or  4-2  per  cent,  whilst  among  181 
unvaccinated  38  died,  or  20'9  per  cent.  In  the  Dewsbury  epidemic  of 
1891-92,  of  44  vaccinated  children  under  ten  1 died,  or  2'2  per  cent, 
and  of  174  unvaccinated  children  56  died,  or  32’1  per  cent.  Over  ten 
years  old,  of  577  vaccinated  persons  15  died,  or  2'6  per  cent.  If  to 
these  be  added  24  persons  alleged  to  be  vaccinated  of  whom  2 died,  the 
figures  become  601  attacks  with  17  deaths,  or  2‘8  per  cent,  whilst  of  192 
unvaccinated  36  died,  or  18  7 per  cent.  The  unvaccinated  here  include 
those  described  as  “ under  vaccination,”  and  their  inclusion  rather  lowers 
the  fatality-rate.  In  the  Warrington  outbresik,  of  33  vaccinated  children 
under  ten,  2 died,  or  6 per  cent,  and  of  32  unvaccinated  12  died,  or 
3 7 '5  per  cent.  Of  560  vaccinated  persons  over  ten  years  old  36  died,  or 
6'4  per  cent,  and  of  36  ui?vaccinated  persons  12  died,  or  33‘3  per  cent. 
In  the  Leicester  epidemic  of  1892-93,  2 vaccinated  children  under  ten 
were  attacked  and  both  recovered.  Of  un vaccinated  children  107  were 
attacked  and  15  died,  or  14  per  cent;  of  vaccinated  persons  over  ten, 
197  were  attacked  and  2 died,  or  DO  per  cent,  ;ind  of  the  unvaccinatcd 
51  were  attacked  and  4 died,  or  7 ‘8  per  cent.  In  the  Gloucester  epidemic 
26  vaccinated  children  under  ten  years  old  were  attacked  and  1 died,  or 
3 '8  per  cent,  whilst  680  unvaccinatcd  children  were  attacked  and  279,  or 
41  per  cent,  died.  Of  vaccinated  persons  over  ten  years  old  1185  were 
attacked  and  119  died,  or  10  per  cent,  and  of  the  un  vaccinated  of  similar 
age  88  were  attacked  and  35  died,  or  39 '7  per  cent. 

Taking  the  six  towns  referred  to  in  the  Eoyal  Commission’s  Report 
the  total  number  of  children  attacked  under  ten  years  old  was  2038,  of 
whom  539  died,  or  26'4  per  cent.  Of  this  total  1449  were  recorded  as 
un  vaccinated,  of  whom  523  died,  or  36  per  cent.  The  remainder,  con- 
sisting of  the  vaccinated,  amounted  to  589,  with  16  deaths,  or  2 '7  per 
cent.  Over  ten  years  of  age  the  total  attacks  were  9001,  with  744  deaths, 
or  8'2  per  cent.  Of  these  870  are  classed  as  unvaccinated,  with  299 
deaths  or  3 4 ‘3  per  cent,  leaving  for  the  vaccinated  8138  attacks  with 
445  deaths  or  5‘4  per  cent. 

It  will  be  seen  throughout  these  figures  that  the  difference  in  the 
fatality-rate  is  much  greater  between  the  vaccinated  and  the  unvaccinated 
under  ten  years  of  age  than  over  that  age.  The  explanation  is  obvious. 
Over  that  age  vaccination  had  lost  more  or  less  of  its  protective  power. 

Sufficient  and  Insufficient  Vaccination. — The  degree  of  protection 
conferred  by  vaccination  corresponds  in  great  measure  to  the  thorough- 
ucss  with  which  the  operation  has  been  performed.  Statistics  in  support 
of  this  proposition  aie  well  knoAvn.  Mr.  Marson  of  the  London  Small- 
pox Hospital  Avas  the  first  to  deal  in  detail  Avith  the  subject,  aiid  his 
fimires  led  to  conclusions  Avhich  have  since  his  time  been  confirmed  in 
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every  considerable  epidemic  of  small-pox.  His  results  were  placed  before 
the  Koval  Commission  in  a table  handed  in  by  Sir  Kichard  Thorne.  The 
table  is  as  follows  : — 


1 

Cases  of  Small-pox  classified  according  to 
the  Vaccination  marks  borne  by  each 
Patient  respectively. 

Percentage  of  Deaths 
in  each  Class  respectively, 
nncoiTeeted.l 

Percentage  of  Dentins 
in  each  Class  respectively, 
correcteu.i 

1836-51. 

1852-67. 

1836-51. 

1852-67. 

1.  Stated  to  have  been  vaccinated, 
but  having  no  cicatrix 

25 '5 

40-3 

21-7 

39-4 

2.  Having  one  vaccine  cicatrix 

9-2 

14-8 

7-6 

13-8 

3.  Having  two  vaccine  cicatrices 

6-0 

8-7 

4-3 

7*7 

4.  Having  three  vaccine  cicatrices  . 

3-6 

3-7 

1-8 

3-0 

5.  Having  four  or  more  vaccine 
cicatrices 

1-1 

1-9 

0-7 

0-9 

Unraccinated 

37-5 

35-7 

35-5 

34-9 

The  cases  on  which  these  figures  were  based  were  3094  in  the  period 
1836  to  1851,  and  10,661  in  the  period  1852  to  1867. 

Dr.  Gayton’s  complete  table,  which  has  already  been  referred  to,  is  as 
follows : — 


Ages- 

Vaccinated. 
Good  Marks. 

Vaccinated. 
Imperfect  Marks. 

“Vaccinated,”  but 
no  evidence 
of  Vaccination 

Not  Vaccinated. 

Tears. 

sc 

CJ 

ac 

s 

X 

3 

Per  Cent. 

Case.s. 

Deaths. 

Per  Cent. 

X 

X 

a 

0 

Deaths. 

Per  Cent. 

Cases. 

Deaths. 

Per  Cent. 

0-2 

4 

0 

0 

32 

3 

9 

22 

9 

41 

276 

181 

66 

2-5 

57 

0 

0 

150 

18 

12 

96 

38 

40 

401 

202 

50 

5-10 

206 

2 

1 

532 

27 

5 

207 

40 

19 

510 

180 

35 

10-15 

439 

5 

1 

939 

32 

3 

214 

42 

20 

317 

74 

23 

, 15-20 

606 

12 

2 

1037 

66 

6 

205 

39 

19 

204 

86 

42 

20-25 

389 

11 

3 

843 

100 

13 

167 

56 

34 

174 

83 

48 

: 25-30 

189 

12 

6 

529 

80 

15 

116 

35 

30 

105 

56 

53 

1 30-A0 

147 

14 

10 

526 

78 

15 

187 

49 

36 

103 

42 

41 

i 40-50 

29 

4 

14 

186 

33 

18 

85 

24 

28 

49 

21 

43 

50 -r 

19 

2 

11 

80 

18 

22i 

46 

20 

43 

30 

13 

43 

, All  ages. 

2085 

62 

4854 

455 

9 

1295 

352 

27 

2169 

938 

43 

In  Glasgow,  for  the  epidemic  of  1871-72,  Dr.  Russell  illustrated  the 
.same  truth  in  a diagrammatic  form,  which  has  often  since  then  been  used 
for  the  exhibition  of  similar  facts.  The  chart  is  reproduced  here  : — 

' Tlie  terms  uncf/rrecled  ami  c'rrrected  are  used  to  signif}'  the  inclusion  or  e.\clusion  of 
those  fatal  cases  of  sriiall-pox  in  which  the  patient  .suffered  from  some  other  disease  super- 
added  to  the  srriall-(x>x. 

VOr..  If. — IT.!  3k 


O/vt'/tcciNfiTED  BfiD  V!  M Good  VA/. 
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The  reporters  to  the  Koyal  Commission  give  similar  facts  relating  to 
the  epidemics  in  the  various  towns.  Apart  from  Mr.  Marson’s  cases,  the 
total  number  analysed  by  the  Commission  is  6839,  and,  dividing  these 


0—3  Yt/TRS  /0-'f9  Years  Z0-29Ycrr^  30-39  Ye^as 


7^/jRt  £rupt!on\IS  Conous Eruption^  Confluent  Eruption  I 


Chart  13. — The  lan?e  aqtiares  contain  100  smaller  ones,  so  that  the  varieties  of  the  smaller  squares 
represent  ])ercentages.  (“V.M.”  moans  vaccination  marks.  The  thicker  black*and*white  lines 
indicate  the  original  percentages  at  0*9  years.)  i 


into  classes  according  to  the  number  of  marks,  the  following  is  the 
result ; — 


1 mark, 

1.357 

cases, 

with 

85  deaths. 

or  6 '2 

2 marks. 

1971 

>> 

115  „ 

5-8 

3 „ 

1997 

>> 

75  „ 

3-7 

4 „ 

1514 

)> 

34  „ 

2-2 

In  Bclvidere  Hospital,  Glasgow,  in  1900-1901,  there  were  treated  the 
following  small-pox  cases  : — 

' This  diagram  is  reproduced  from  Public  Health  Administration  of  Olasgov),  a memorial 
volume  of  Dr.  Eussell’s  writings,  1905. 
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Vaccinatiou  Scare. 

Total  CasevS, 

Confluent  ami  Iliemorrhagic.  j 

Oeatlia. 

Oue . 

SS6 

I 

177  or  20  percent  j 

101  or  11  "4  per  cent 

^ Two 

589 

83  „ 14T  ,,  1 

44  / 3 ,, 

' Three 

94 

13  „ 13-8  „ 1 

4 4-2  „ 

Four 

* 

74 

9 „ 12-2  „ 1 

2 „ 2-8  „ 

Very  fully  elaborated  statistics,  teaching  an  essentially  similar  lesson, 
are  given  in  a series  of  tables  in  the  Metropolitan  Asylums  Board’s  Eeport 
for  1 902. 

Similar  results  are  obtained  on  the  basis  of  measurement  of  area  of 
marks  instead  of  number  of  marks,  but  it  is  obvious  that  figures  with 
regard  to  number  also  broadly  include  area.  The  standard  required  from 
public  vaccinators  by  the  Local  Government  Board  is  a total  area  of  not 
less  than  one  half  of  a square  inch.  A curious  criticism  has  lately  been 
made  with  regard  to  facts  like  these.  It  has  been  held  by  one  or  two 
reputable  authorities  that  exceptional  susceptibility  to  the  local  effects  of 
vaccination  may  be  conjoined  •ndth  exceptional  susceptibility  to  small-pox. 
The  suggestion  has,  therefore,  been  made  by  opponents  of  vaccination 
that  a large  area  of  marks  should  be  accompanied  by  severity  instead  of 
mildness  of  small-pox  attack.  But  obviously,  on  any  skin,  four  insertions 
of  lymph  wiU  produce  a larger  area  than  one  or  two  insertions  of  equal 
size,  and  the  greater  the  area  of  insertion  in  any  individual  case  the 
greater  will  be  the  mark  left,  though  some  individuals  may  shew  a larger 
scar  than  others  from  insertions  apparently  equal  in  extent. 

The  difference  between  sufiBciency  and  insufficiency  of  vaccination  is 
manifested  in  the  earlier  return  of  susceptibility  to  small-pox  infection. 
Immediately  after  the  vaccinal  process  is  completed,  if  the  local  result  itself 
has  been  characteristic,  whether  the  area  of  insertion  has  been  large  or 
small,  or  the  number  of  marks  has  been  one  or  four,  the  individual  is 
protected  against  small-pox,  and  the  limited  degree  of  protection  resulting 
from  insufficient  vaccination  manifests  itself  only  as  time  passes. 

Revaeeination. — Evidence  of  the.  value  of  re  vaccination  as  compared 
with  a single  vaccination  performed  in  infancy  is  similar  in  nature,  and 
in  modern  times  equal  in  amount,  to  that  of  the  value  of  a single  infantile 
vaccination  as  compared  ■with  non-vaccination. 

The  mistake  of  Jenner’s  life  was  that  he  failed  to  recognise  the  want 
of  permanence  of  the  protection  from  small-pox  which  is  conferred  by 
primary  vaccination.  His  Inquiry  was  published  in  1798,  and  he  died  in 
182.3,  but  throughout  that  quarter  of  a century  he  never  altered  his 
view.  His  failure  to  realise  the  truth  is  not  so  surprising  when  all 
the  facts  are  considered.  He  rightly  regarded  vaccinia  as  variola 
of  the  cow,  and  throughout  all  his  researches  he  was  guided  113'  that 
conviction.  He  admitted  no  difference  in  degree  between  the  protec- 
tion afforded  by  a mild  attack  of  small-pox  and  that  afforded  b}’^  a 
severe  attack,  whether  the  severity  belonged  to  the  natural  or  the 
artificial  (inoculated)  disease,  and,  following  this  line,  he  saw  no  differ- 
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ence  between  the  protective  power  of  human  small-pox  as  manifested 
by  its  ordinary  eruption  and  that  of  cow-pox  as  shewn  by  the  vaccine 
vesicle  on  an  infant’s  arm.  He  often  pointed  out,  in  explanation  of 
vaccine  failures,  that  one  attack  of  small-pox  did  not  invariably  protect 
against  a second,  but  he  did  not  regard  such  failures  as  at  all  dependent 
on  lapse  of  time  between  the  first  attack  and  the  second.  He  held  that,  as 
in  the  cases  of  similar  infectious  diseases,  the  rule  was  that  one  attack 
gave  absolute  protection  against  a second,  but  that  at  the  same  time 
there  was  an  appreciable  number  of  exceptions  to  this  rule,  with  regard 
both  to  small-pox  and  other  infections,  and  he  looked  on  small-pox  after 
vaccination  as  exemplifying  such  exceptions.  Independently  of  failures 
due  to  the  use  of  spurious  matter,  vaccinia  being  essentially  variola  Avould 
occasionally  fail  to  protect,  just  as  variola  itself  failed,  but  in  neither  case 
was  lessening  protective  powei-  from  lapse  of  time  the  cause  of  such  failure. 
This  view,  in  its  application  to  variola,  was  apparently  held  almost  universally 
by  the  medical  profession.  There  were  exceptions  to  the  rule  that  one 
attack  prevented  a subsequent  attack,  but  the  rule  remained  all  the  same. 
If,  many  years  after  suffering  from  unmistakable  small-pox,  an  individual 
became  fevered  and  suffered  from  backache  and  headache  which  departed 
on  the  appearance  of  an  eruption  on  the  forehead  and  wrists,  or  over  the 
whole  body,  the  disease  so  manifesting  itself  was  not  regarded  as  small- 
pox. According  to  the  appearance  of  the  eruption,  whether  papular, 
vesicular,  or  pustular,  various  names  were  applied — horn-pock,  nirle-pock, 
stone-pock,  water-pock,  chicken-pox,  swine-pox.  All  such  eruptions  were 
customarily  looked  on  as  we  look  on  chicken-pox  at  the  present  day, 
namely,  as  having  no  affinity  with  small-pox.  If,  on  the  contraiy,  a 
person  were  attacked  in  adult  life  by  severe  and  unmistakable  small-pox, 
and  if  part  of  his  history  was  to  the  effect  that  in  infancy  or  youth  he 
had  suffered  from  an  attack,  probably  slight,  of  what  had  been  regarded 
as  small  pox,  the  verdict  would  be  that  the  nature  of  the  first  attack  had 
not  been  understood,  that  it  must  have  been  chicken-pox,  or  horn-pox,  or 
one  of  the  other  varieties  of  such  eruptive  diseases.  To  begin  with, 
therefore,  Jenner’s  view  as  regards  the  protective  power  of  variola  was 
simply  that  which  belonged  to  the  time  in  which  he  lived,  and  his 
investigations  into  the  protective  power  of  cow-pox  led  him  to  regard  it 
not  only  as  small-pox  of  the  cow  but  as  having  the  same  permanent  pro- 
tective power.  In  the  Inquiry  he  reports  cases  of  milkers  Avho,  having 
had  cow-pox  so  long  as  20  or  30  or  40  or  50  years  before,  had,  during 
the  whole  of  that  period,  been  protected  against  small-pox  Avhen  freely 
exposed  to  it  or  when  purposely  inoculated  with  it.  In  the  present  day, 
in  explaining  this  lengthened  duration  of  protection,  we  would  attach 
great  importance  to  the  fact  that  the  original  operation,  the  accidental 
inoculation  of  the  milker’s  hand  with  cow-pox,  had  taken  place,  not  in 
infancy,  but  in  early  adult  life,  after  childhood  had  passed,  after  growth 
and  development  had  almost  ceased — that  it  was  practically  equi^  alent  to 
primary  vaccination  performed  in  adolescence  or  adult  life,  Avhich  itself, 
in  its  protective  effect,  is  equivalent  to  revaccination  ; and  we  know,  as  a 
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niiitter  of  fact,  that  very  few  persons  so  protected  are  ever  afterwards 
attacked  by  small-pox. 

In  this  country,  largely,  no  doubt,  from  Jenncr’s  teaching,  the  need 
for  revaccination  was  a long  time  in  becoming  recognised,  and  when  the 
frequent  occurrence  of  post-vaccinal  small-pox  could  no  longer  be  dis- 
puted, it  was  thought  by  many  that  the  original  stocks  of  lymph  must 
have  deteriorated  through  long  removal  from  their  bovine  sources. 
Return  to  the  cow  was  urged  as  the  way  out  of  the  difficulty,  and  from 
about  1836  to  1841  a group  of  investigators — Estlin,  Ceely,  and  Badcock 
in  this  country,  and  Bousquet  on  the  Continent — sought  after  cow-pox, 
natural  or  artificial,  the  latter  by  variolation  of  cows. 

By  this  time,  however,  the  truth  about  the  need  for  systematic  re- 
vaccination  had  been  realised  in  Germany,  and  vaccination  of  recruits 
was  made  compulsory  in  the  Wiirtemberg  army  in  1833,  the  Prussian 
army  in  1834,  the  Hanoverian  army  in  1837,  the  Baden  army  in  1840, 
and  the  Bavarian  army  in  1843.  Dr.  Werner,  as  quoted  by  Dr.  Edwardes, 
states  the  results.  In  the  Prussian  army  in  the  ten  years  preceding  the 
order,  the  deaths  had  been  as  follow : — 


Year. 

Deaths. 

Year. 

Deaths. 

1825 

12 

1830 

27 

1826 

16 

1831 

108 

1827 

23 

1832 

96 

1828 

35 

1833 

108 

1829 

35 

1834 

38 

The  order  was  dated  June  16,  1834,  and  in  the  next  five  years  the 
deaths  were  8,  9,  3,  7,  and  2 respectively.  Then  in  thirty  years,  1840-69 
inclusive,  the  total  deaths  were  51,  the  average  being  less  than  2. 
Previous  to  1834  there  had  been  a higher  small-pox  death-rate  in  the 
army  than  in  the  chdl  popidation,  but  this  was  quickly  altered,  so  that, 
while  in  the  decade  1825-34  the  deaths  per  1000  in  the  army  had  been 
3'6,  and  in  the  civil  population  2‘7,  the  figures  in  the  thirty-five  years 
1835  to  1869  were  as  follows,  in  successive  quinquennia: — 

Army:  0'49,  0’21,  0'06,  0-14,  0-04,  0'12,  O'll 
Population:  1-9,  2-1,  1'3,  2-6,  1-3,  3‘0,  3'7 

In  the  Wiirtemberg  army  there  was  not  a single  death  from  small-pox  in  the 
twenty  years  1851-70,  and  in  the  Bavarian  army  there  were  only  6 deaths 
in  the  twenty-eight  years  1843-70,  whereas  in  the  nine  years  1828-36  there 
had  been  52  deaths.  When  the  small-pox  pandemic  swept  over  Europe 
in  1870-74  it  differentiated  in  a very  striking  manner  between  the 
Pru.s.sian  and  Austrian  armies,  the  former  being  revaccinated  and  the 
latter  not.  The  Austrian  attack-rates  per  100,000  men  Avere  as  follows 
in  the  eight  years  1870-77  inclusive — 687,  816,  1798,  1658,  1003,  386, 
275,  412.  The  Prussian  rates  for  the  years  most  nearly  corresponding 
to  these  were  31,  566,  684,  101,  36,  7,  8,  6. 

As  regards  the  French  and  German  armies  in  1870-71  the  Royal 
Commission  on  Vaccination  Avrotc  as  folloAvs  : — 
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A com]3arison  of  the  mode  in  which  the  general  small-pox  epidemic  of 
1870-71  affected  the  German  and  French  armies  in  those  years  is  especially 
worthy  of  attention.  In  the  year  1834  vaccination  was  made  compulsorj-  for 
soldiers  in  the  Prussian  army.  Although  it  may  not  have  been  enforced  with 
complete  thoroughness,  there  seems  to  be  no  doubt  that  the  German  army  was, 
on  the  wdiole,  a well-vaccinated  class  at  the  time  of  the  campaign  of  1870-71. 
We  do  not  think  there  can  be  any  real  doubt  that  the  French  army  was,  during 
the  same  period,  in  a condition  in  that  respect  less  satisfactory.  According  to 
the  official  returns  the  number  of  sinall-pox  deaths  in  the  German  forces  during 
the  years  in  question  was  only  316.  It  was  stated  by  Monsieur  de  Freycinet, 
when  Minister  of  War,  that  23,400  French  soldiers  died  of  small-pox  during  the 
years  1870-71.  We  have  not  been  able  clearly  to  ascertain  how  these  last 
figures  were  procured.  They  were  not  derived  directly  from  any  official  return. 
It  would  seem  that  the  average  derived  from  a limited  number  of  returns  relat- 
ing to  particular  portions  of  the  army  was  applied  to  the  army  as  a whole.  It 
is  quite  possible,  therefore,  that  the  figures  given  may  not  be  accurate,  and  that 
the  number  stated  is  in  excess  of  the  real  number  of  deaths  ; but  we  do  not 
think  it  is  possible  to  doubt  that  the  ravages  of  small-pox  in  the  French  army 
were  very  great,  and  that  the  mortality  was  enormously  in  excess  of  that  suflered 
by  the  force  wdiich  was  opposed  to  them.  Various  facts  which  have  been  deposed 
to — as,  for  example,  the  small-pox  deaths  in  the  ranks  of  the  French  soldiers 
imprisoned  in  Germany — confirm  this  view,  which  receives  further  confirmation 
by  a comparison  of  the  small-pox  deaths  in  the  French  and  Prussian  armies  in 
the  time  of  peace  which  immediately  preceded  the  war.  In  1869  there  w'ere 
63  deaths  from  small-pox  in  the  various  French  garrisons.  In  the  four  years 
from  1866  to  1869  there  w'ere  380  deaths  from  small-pox,  323  of  them  being 
in  the  active  army.  On  the  other  hand,  the  total  number  of  deaths  from  small- 
pox in  the  Prussian  army  from  1835  to  1869  was  but  77. 

In  Germany,  compulsion  Avas  extended  from  the  army  to  the  general 
population  by  a law  dated  April  8,  1874.  It  enacted  that  all  children  are 
to  be  vaccinated  in  the  course  of  the  second  year  of  life,  and  that  all 
school  children  are  to  be  vaccinated  in  the  course  of  the  twelfth  year  of 
life  unless  they  have  had  small-pox  or  been  successfully  vaccinated  within 
the  preceding  five  years.  In  Prussia,  in  addition,  compulsory  vaccination 
can  be  carried  out  in  any  house  or  locality  where  epidemic  small-pox 
occurs.  Also,  as  already  said,  recruits  are  revaccinated  on  entering  the 
army.  But  in  Germany,  as  in  this  country,  compulsion  is  not  absolute, 
and  punishment  of  parents  or  guardians  for  failure  to  obey  the  law  is  by 
fine,  or  by  imprisonment  not  exceeding  three  days.  Germans,  hoAvever, 
are  a law-abiding  people,  and  the  amount  of  default  is  not  great.  The 
facts  for  1902  abstracted  from  the  official  Reports  may  be  given  in  detail, 
and  are  as  follows  : — Pnmary  Vaccination. — The  number  of  infants  due  in 
1902  for  primary  vaccination  was  1,870,895.  Of  these  71,784  were 
excused  on  the  following  grounds  : — 

(1)  Had  small-pox,  63  (2)  had  already  been  vaccinated  successfully 

in  the  previous  year  (before  their  compulsory  vaccination  was  due), 

' Most  of  tliese  were  in  districts  bordering  on  other  countries  where  vaccination  is  not  so 
fully  carried  out — Russia.  Prance,  etc. 
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6830 ; (3)  had  been  vaccinated  in  previous  year  hut  not  inspected 
before  the  eiiil  of  the  year,  3091.  These  three  groujjs  make  a 
total  of  71,78-1,  leaving  1,799,111  to  be  vaccinated.  Of  these  there 
were  vaccinated  (1)  successfull}^  1,530,301  ; (2)  unsuccessfully,  38,738  ; 
(3)  with  the  I’esult  unknown  because  they  had  not  been  inspected 
before  the  end  of  the  year,  3-189.  The  total  of  these  three  groups  is 
1,572,528,  and  it  leaves  226,327  to  be  accounted  for.  These  are  made 
up  as  follows: — (1)  Postponed  under  medical  certificate,  175,206  ; 
(2)  gone  away  and  not  found,  17,080  ; (3)  unlawfully  in  default, 
34,0-11.  Taking  the  last  two  groups  as  representing  default  in  the  sense 
in  which  the  term  is  used  in  this  country,  and  calculating  it  on  the 
original  total  of  1,870,895,  the  percentage  is  2'7.  Eegarding  cases 
postponed  under  medical  certificate,  the  law  is  that  “ A person,  liable  to 
vaccination,  who  cannot  according  to  medical  testimony  be  vaccinated 
without  his  life  or  health  being  endangered,  must  be  subjected  to 
vaccination  within  a year  after  the  cessation  of  the  cause  of  such  danger. 
In  cases  of  doubt  as  to  whether  that  danger  still  exists,  the  competent 
ofiicial  doctor’s  opinion  is  decisive  without  further  appeal.”  (This  official 
corresponds  to  the  public  vaccinator  in  England.)  Bevaccination. — The 
corresponding  facts  in  Germany  for  the  same  year,  1902,  are  as  follows  ; — 
There  were  due  for  revaccination  1,274,722  school  children.  Of  these 
5881  were  excused,  namely,  (1)  had  small-pox  "within  the  last  five  years, 
85;^  (2)  had  been  successfully  vaccinated  within  five  years,  5796. 
There  remained  1,268,834  to  be  revaccinated.  Of  these  1,236,516 
were  operated  on  with  the  following  result : (1)  successfully,  1,162,036  ; 
(2)  unsuccessfully,  72,626;  (3)  result  unkno"\TO  (not  inspected),  1854. 
There  remained  not  revaccinated  32,298,  and  these  are  grouped  thus  : — 
( 1 ) Postponed  under  medical  certificate,  17,460;  (2)  absent  from  school 
on  the  day  appointed  for  revaccination,  6642  ; (3)  gone  away  and  not 
found,  2942 ; (4)  unlaAvfully  in  default,  5254.  It  will  be  observed  that 
the  postponements  of  revaccination  under  medical  certificate  are  less  than 
a tenth  of  the  postponements  of  primary  vaccination.  There  is  no  reason 
to  think  that  if  obligatory  revaccinatipn  were  introduced  in  this  country 
the  experience  would  be  dissimilar.  The  section  of  the  Act  already 
quoted  "with  regard  to  primary  postponements  applies  also  to  revaccination. 
If  the  default  be  regarded  as  including  the  last  three  groups  in  the  above 
.statistics,  namely,  6642 2942 -f  5254,  and  if  this  be  calculated  on  the 
total  of  1,274,722  due  for  revacci nation,  the  percentage  is  1"16.  If  it  be 
assumed  that  the  6642  absentees  were  afterwards  revaccinated,  the 
default  would  be  only  0'64  per  cent. 

The  above  are  the  facts  as  to  German  vaccination  and  revaccination 
under  the  imperial  law  of  1874.  What  are  the  facts  as  to  small-pox 
prevalence  before  and  after  the  passing  of  the  law  t For  Prussia  the 
following  table  gives  the  figures  from  1816  to  1902  inclusive: — 


* Sue  footnote,  p.  790. 
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Mortality  from  Small-pox  in  Prussia,  1816-1902 
PER  Million  Living 


In  such  statistics  Austria,  where  vaccination  is  not  compulsory,  has 
commonly  been  taken  for  comparison  with  Prussia,  but  since  1891  the 
administrative  authorities  have  been  most  active  in  promoting  vaccination, 
and  small-pox  has  accordingly  diminished,  so  that  the  contrast  is  not  only 
between  Prussia  and  Austria  but  between  Austria  liefore  and  since 
vaccination  has  been  the  subject  of  so  much  administrative  effort. 

Dr.  Edwardes  gives  the  following  table  of  small-pox  in  Germany  before 
and  after  the  passing  of  the  law : — 


[Table 


MORTALITY  FRO] 


{Before  1874  no  coi 


Vaccination  and  revaccination  of  C 

The  figures  are  taken  from  : Contributions  for  ju\ 

from  the  Imperial  B 
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Thk  Results  ok  the  German  Vaccination  Law,  1874 


Small-po.v  Deaths  per  Million  Living. 


Year. 

Ba^Tiria. 

Wurtemberg. 

Gennan  Empire.^ 

(1)  Before  the  law  of  1874 — 
1866  .... 

120 

133 

1867  .... 

250 

63 

1868  .... 

190 

19 

1869  .... 

101 

74 

1870  .... 

/o 

293 

1871  .... 

1045 

1130 

187-2  .... 

611 

637 

1873  .... 

176 

30 

1874  .... 

47 

3 

(2)  Since  1874— 

1875  .... 

17 

3 

1876  .... 

13 

1 

1877  .... 

17 

2 

1878  .... 

13 

0 

1879  .... 

5 

0 

1880  .... 

12 

5-6 

1881  .... 

15 

3-6 

1882  .... 

12 

6-6 

1883  .... 

6 

35-2 

1884  .... 

1 

11-6 

1885  .... 

3 

0 

1886  .... 

1 

1 

4-2 

1887  .... 

1-8 

0 

3-5 

1888  .... 

3-8 

0*5 

2-3 

1889  .... 

5-2 

0 

4-1 

1890  .... 

1-5 

0 

1-2 

1891  .... 

1-2 

0 

1-0 

1892  .... 

0-5 

0 

2-1 

1893  .... 

0-7 

1 

3-1 

1894  .... 

0-3 

0 

1-7 

1895  .... 

0-2 

0 

0-5 

1896  .... 

0-2 

0 

0-2 

1897  .... 

0 

0 

0-1 

1898  .... 

0-3 

0 

0-3 

1899  .... 

0-5 

Chart  14  displays  both  contrasts.-  Still  another  contrast  may  he  shewn 
diagrammatic-ally.  Compulsory  revaccination  began  in  the  Prussian  army 
so  early  as  18.34,  and  in  the  general  population  not  until  1874.  Up  to 
1874,  therefore,  a great  difference  is  manifest  between  small-pox  in  Prussia 
and  in  its  army.  But  even  the  already  revaccinated  military  population 
was  benefited  by  extension  of  the  practice  throughout  the  whole  country, 
the  benefit  consisting  in  diminished  opportunity  of  infection  of  any 
soldiers  who  were  still  in  any  degree  susceptible  to  small-pox.  The 
chart,  which  gives  the  figures  up  to  1901,  shews  that  after  1874  there 
were  only  two  deaths  from  small-pox  in  the  whole  Prussian  army,  one  in 
1884-85  and  the  other  in  1888-89. 

* StotLsticfl  Iiegiii  in  the  year  1886. 

1 From  the  Oermun  Empire  Vuccinulion  Law,  Berlin,  1904.  Printed  by  B.  Paul,  Berlin, 
a.W.  48. 
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Contrasting  modern  Germany  ■with  modern  England,  the  following 
figures  (from  Dr.  Bruce  Low’s  Report  (40))  indicate  part  of  the  price 
which  this  country  pays  for  its  folly  in  neglecting  revaccination. 


Number  of  Recorded  Deaths  from  Small-pox  in  Germany  and 
England  during  the  Twelve  Years  1891  to  1902  Inclusive 


Country  imcl  Date 
of  Census. 

Population. 

c. 

CO 

-04 

c. 

« 

c. 

05 

55 

c. 

cc 

ro 

a 

CO 

t- 

g 

05 

Ct 

05 

c. 

05 

I 

1 1 

pH 

rH 

pH 

^ i4*ars. 

Germany  (1900) 

56,307,178 

40 

108 

157 

88 

27 

10 

5 

15 

28 

40 

56 

1 

151}  (K)7 

England  ami  Wales  (1901) 

32,520,075 

40 

431 

1457 

820 

223 

541 

25 

253 

17.1 

85 

242 

2401  , 0701 2 

Sinall-])ox  Isolation  in  Germany. — Dr.  Bruce  Low’s  report  gives  inci- 
dentally some  remarkable  evidences  of  the  practical  value  of  systematic 
re  vaccination.  In  a most  valuable  letter  to  the  Times,  Mrs.  Garrett 

Anderson,  M.D.(.51),  indicates  the  enormous  expense  caused  by  the  erection 
and  maintenance  of  small-pox  hospitals  in  this  country,  and  the  loss  of  time, 
A\tf)rk,  and  money  caused  by  small-pox  epidemics.  But  in  Germany  small- 
pox and  small-pox  hospitals  are  alike  almost  non-existent.  For  London, 
with  its  population  of  five  millions,  2500  beds  have  to  be  reserved  in 
hospitals  far  removed  from  the  city,  whilst  for  Berlin,  with  its  two  millions 
of  population,  1 2 beds  in  a pavilion  of  a general  hospital  within  the  city 
are  sufficient.  Other  towns  have  more  or  less  similar  arrangements.  In 
Wiesbaden  (estimated  population  92,301)  there  is,  in  the  general  hospital 
of  300  beds,  a wooden  pavilion  of  16  beds  which  is  regai’ded  as  giving 
accommodation  for  small -pox ; but  there  had  been  no  small -pox  in 
Wiesbaden  for  eleven  years,  and  the  beds  were  being  used  for  non- 
infectious  cases.  In  Munich  (estimated  population  544,714)  there  is  a 
hospital  of  1320  beds  near  the  centre  of  the  city,  and  a pavilion  contain- 
ing 1 4 beds  is  used  for  small-pox,  and  occasionally  for  “ contacts.”  In 
Nuremberg  (estimated  jiopidation  294,819)  the  general  hospital  has  946 
beds,  of  which  12  are  for  small-pox ; but,  as  in  Wiesbaden,  there  had  been 
no  one  to  occupy  them  for  eleven  years.  In  Dresden  (estimated  popula- 
tion 518,405)  the  Friedrichstadt  Hospital  has  1058  beds,  of  which  20  are 
for  small-pox ; and  Professor  Schmidt  told  Dr.  Bruce  Low  about  “ the 
procedure  which  would  be  followed  if  a case  of  small-pox  were  admitted,” 
but  none  had  been  brought  during  his  term  of  office,  and  there  had  been 
no  small-pox  deaths  in  Dresden  for  ten  years.  In  Stuttgart  (estimated 
population  191,645)  the  Katharine  Hospital  has  700  medical  and  surgical 
beds,  and  devotes  to  small-pox  a Ducher  hut  of  6 beds ; but  there  had 
been  no  small-pox  for  six  years,  and  the  hut  was  out  of  repair.  The  case 
six  years  before  was  that  of  a Russian.  Generally,  small-pox  pavilions 
are  in  no  way  shut  oflP  from  the  rest  of  the  establishment ; food  is  supplied 

' The  number  of  small-pox  deaths  for  1902  has  been  supplied  to  Dr.  Bruce  Low  from 
the  Central  Itiiperial  Health  Olfice  at  Berlin,  subject  to  any  slight  corrections  which  may 
be  found  necessary  when  the  medical  statistics  for  1902  are  issued  officially. 

- There  were  754  deaths  from  small-pox  in  England  and  Wales  during  1903,  but  Dr. 
Bruce  Low  has  been  unable  to  obtain  the  corresponding  figures  for  Germany  for  that  year. 
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from  the  centi-al  kitchen,  and  soiled  linen,  after  steeping  in  a disinfecting 
solution,  is  sent  to  the  general  laundry.  Small-pox  nurses  and  attendants 
are  at  once  revaccinated,  but  for  the  rest  of  the  hospital  reliance  is  .placed 
on  statutory  vaccination  and  revaccination.  Eegarding  such  small-pox 
as  does  occur  in  Germany,  Dr.  Low  writes:  “There  appeared  a general 
consensus  of  opinion  that  a considerable  jjroportion  of  the  small-pox  cases 
now  met  with  in  Germany  were  in  the  persons  of  foreigners,  especially 
Russians,  Austrians,  and  Italians,  many  of  whom  come  to  Germany  to 
work  in  new  industrial  undertakings  or  as  labourers  on  the  construction 
of  railways  or  other  public  works.  Many  of  the  outbreaks  of  small-pox 
reported  in  Germany  occur  in  towns  and  districts  situated  on  or  near  the 
Kiissian  or  Austrian  frontiers,  especially  the  former.  There  are  consider- 
able commercial  communications  between  some  large  toAvns  in  Germany 
and  Russia,  and  small-pox  has  been  observed  in  Russian  commercial  men 
visiting  Berlin  and  other  places  in  connexion  with  their  business. 
Further,  Russian  and  other  emigrants  passing  through  Germany  on  their 
way  to  Hamburg  or  other  ports,  by  rail,  have  been  known  to  infect 
persons  whose  duties,  as  railway  officials,  for  example,  caused  them  to 
visit  the  trains,  or  who  otherwise  came  casually  into  contact  wdth  these 
travellers.”  Here  is  an  Ulustratioii  of  how  foreigners  may  be  infected  in 
Germany.  Professor  Weintraud  of  "Wiesbaden  told  Dr.  Bruce  Loav  how 
“while  resident  medical  officer  some  years  ago  at  the  Berlin  Charit6 
Hospital  two  small-pox  cases  were  admitted  for  isolation.  As  there  had 
been  no  opportunity  for  demonstrating  the  clinical  characters  of  small- 
pox for  some  time,  he  was  deputed  by  the  chief  physician  to  give  instruc- 
tion on  the  diagnosis  of  small-pox  to  some  260  students,  in  detachments, 
by  the  bedside  of  these  two  patients.  As  vaccination  and  revaccination 
are  compulsory  in  Germany,  it  was  not  thought  necessary  to  make 
inquiries  as  to  this  matter.  But  at  the  end  of  twelve  days  2 students 
out  of  the  260  fell  ill  ■with  the  initial  symptoms  of  small -pox,  and  each 
passed  through  an  attack  of  the  disease.  Both  were  Italians  who  had 
not  been  revaccinated.” 

Britkh  Army. — In  our  own  country  there  is,  unfortunately,  no  such 
systematic  national  revaccination  and  no  such  immunity  from  small-pox 
a-s  in  Germany.  In  the  army  and  navy,  howcAmr,  systematic  revaccination 
of  recruits  is  practised,  but  the  proportion  of  failures  of  the  operation  is 
large,  and  no  exact  information  is  published  as  to  the  actual  percentage 
ultimately  revaccinated  Avith  success.  Yet  the  figures  are  sufficiently 
striking,  as  given  by  the  Royal  Commission  in  sections  331-339  of  their 
Final  Report.  The  Army  Revaccination  Order  dates  from  1858,  and  as  the 
men  preAnously  recruited  passed  out  of  the  force  the  influence  of  the  ncAV 
system  became  manifest,  so  that  the  attacks  per  10,000  of  the  strength, 
Avhich  in  the  home  force  had  ranged  from  12  to  41  in  the  years  1847-58, 
amounted  only  to  20  in  the  Avhole  14  years  1881-94,  Avith  Avhich  last- 
mentioned  year  the  table  ends.  In  the  force  in  the  Colonies  the  attcacks 
per  10,000  of  strength  averaged  only  fractionally  more  than  one  per 
annum  in  the  same  1 4 years,  and  there  Avas  not  a single  death.  In  India 
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and  Egypt,  where  opportunities  of  infection  are  much  more  numerous, 
the  figures  are  higher,  especially  in  Egypt  in  1887-89. 

Kegarding  the  Sheffield  epidemic,  the  Eoyal  Commission  says ; — 

Tlie  average  strength  of  the  troops  stationed  at  Sheffield  during  1887-88  was 
about  830  of  all  ranks.  The  whole  of  these  were,  or  should,  in  accordance  with 
the  army  regulations,  have  been  at  one  time  revaccinated,  or  vaccinated  in  the 
exceptional  cases  where  they  had  not  been  previously  vaccinated.  Twelve  men, 
or  1-4  per  cent  of  the  total  strength,  contracted  small-pox,  and  of  these  one  died. 
Not  one  of  the  soldiers  who  had  contracted  small-pox  had  been  successfully  re- 
vaccinated.  During  the  period  of  the  epidemic  the  men  mingled  freely  with 
their  friends  in  the  town,  and  although  the  neighbourhood  of  the  barracks  was 
one  of  the  first  localities  invaded  by  the  disease,  no  successfully  revaccinated 
soldier  quartered  in  Sheffield  suffered  from  small-pox. 

As  already  indicated,  there  seems  distinct  room  for  improvement  in 
army  revaccination  arrangements. 

British  Navy. — Vaccination  of  recruits  in  the  Navy  has  been  practised 
since  1864,  and  in  1871  an  order  for  the  vaccination  of  the  whole  force 
was  issued,  but  there  was  no  regulation  as  to  natives  joining  abroad,  nor 
as  to  “foreigners,”  until  1873,  when  an  order  was  issued  for  their 
vaccination  on  enlistment.  The  following  table  shews  how  small-pox 
has  diminished  in  the  Navy,  wherever  stationed.  The  figures  up  to  1894 
are  from  the  Royal  Commission’s  Report,  and  those  for  later  years  have 
been  kindly  supplied  to  me  by  the  Director-General  of  the  Medical 
Department  of  the  Navy. 


Year. 

Attacks  of 
Small-pox  to 
every  10,000 
of  the  Force. 

Deaths  from 
Smalhpox  to 
every  10,000 
of  the  Force. 

Year. 

Attacks  of 
Small-pox  to 
every  10,000 
of  the  Force. 

Deaths  from 
Small-pox  to 
every  10,000 
of  the  Force. 

1860 

51 

3-9 

1883 

. 2 

0 

1861 

50 

3-8 

1884 

1 

0 

1862 

17 

3-1 

1886 

1 

0 

1863 

22 

2-8 

1886 

2 

•6 

1864 

87 

6-2 

1887 

•2 

0 

1865 

32 

2-9 

1888 

4 

•2 

1866 

48 

1-6 

1889 

1 

•2 

1867 

49 

2-7 

1890 

1 

•4 

1868 

16 

•4 

1891 

3 

0 

1869 

17 

1-0 

1892 

2 

•3 

1870 

9 

■2 

1893 

1 

0 

1871 

31 

2-5 

1894 

3 

0 

1872 

19 

2-3 

1895 

17 

0 

1873 

3 

•2 

1896 

1-5 

•2 

1874 

2 

•2 

1897 

6-3 

•2 

1875 

4 

•2 

1898 

2-8 

•2 

1876 

5 

1-3 

1899 

1-6 

•2 

1877 

4 

0 

1900 

1-3 

T 

1878 

2 

0 

1901 

■9 

■1 

1879 

12 

3'1 

1902 

1-4 

•2 

1880 

2 

•2 

1903 

•2 

0 

1881 

6 

•7 

1904 

1 

0 

1882 

1 

2 

•5 

i 


I 

\ 

) 

i 
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The  facts  regai'ding  the  Foskil  Semce  furnish  another  illustration  of 
the  value  of  revaccination.  In  1883,  Sir  Charles  Dilke  said  in  the 
House  of  Commons : — “ In  the  case  of  persons  permanently  employed  in 
the  postal  service  in  London,  averaging  10,504,  who  are  required  to 
undergo  vaccination  on  admission,  unless  it  has  been  performed  within 
seven  years,  there  has  not  been  a single  death  from  small-pox  between 
1870  and  1880,  which  period  included  the  small-pox  epidemic,  and  there 
have  been  only  10  slight  cases  of  the  disease.  In  the  telegraphic 
department,  where  there  is  not  so  complete  an  enforcement  of  vaccination, 
there  have  been  only  12  cases  in  a staff  averaging  1500  men.” 

The  Koyal  Commission  gave  the  following  additional  statistics  : — 


General  Post  Office. 

Year. 

Number  of  Established 

Number  of  Cases  of 

Number  of  Deaths 

Officers  Employed. 

Small-pox. 

from  Small-pox. 

1891 

47,264 

None 

None 

1892 

54,198 

2 

None 

1893 

58,311 

4 

None 

1894 

60,490 

11 

1 

Small-pox  was  prevalent  in  London  in  the  period  included  in  this 
table,  and  the  Commission  add : “ It  is  noteworthy  that,  in  the  year 
1892,  12  officers  were  absent  from  duty  on  account  of  the  presence  of 
small-pox  in  their  houses;  in  1893,  44;  and  in  1894  as  many  as  53.” 
In  Sheffield,  at  the  time  of  its  epidemic,  there  were  290  persons  on  the 
permanent  staff  of  the  Post  Office,  and  the  regulations  required  revaccina- 
tion before  engagement : none  were  attacked  by  small-pox,  though  much 
exposed  to  it  in  the  course  of  their  duties  as  letter-carriers,  telegraph 
boys,  etc. 

The  Glasgmv  Epidemic  of  1901-2. — The  City  of  Glasgow  afforded  in 
its  small-pox  epidemic  of  1901-2  an  exceptionally  valuable  field  for 
observing  the  influence  of  re  vaccination.  The  working-class  population 
of  Glasgow  lives  in  huge  tenement  buildings,  usually  four  storeys  in 
height,  wth  multiple  dwellings  on  each  fiat,  all  entering  from  common 
passages  and  stairways.  Opjjortunities  for  infection,  therefore,  are 
specially  great.  Belvidere  Hospital,  where  Glasgow  small-pox  Avas 
treated,  is  situated  at  the  east  end  of  the  city,  and,  as  often  occiu’s  in 
such  circumstances,  in  the  east-end  population  there  was  quite  exceptional 
prevalence  of  sraall-pox.  In  thes^  circumstances  the  Corporation  offered 
systematic  revaccination  throughout  the  whole  community  over  five 
years  old.  The  tohd  population  over  that  age  Avas  estimated  at  675,887, 
and  the  total  ca.ses  of  .small-pox  from  the  beginning  of  1901  to  M.ay  1902 
were  1858.  The  following  table  shews  the  progress  both  of  vaccination 
and  small-pox  in  this  population  fortnight  by  fortnight,  those  Avho 
accepted  the  Corporation’s  offer  being  distinguished  from  those  Avho  did 
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not.  The  progress  of  revaccination  is  indicated  by  the  figures,  and  the 
gradual  extension  of  the  practice  until  it  had  embraced  oA'er  400,000 
persons  is  well  seen  in  the  table,  along  with  the  corresponding  diminution 
in  the  numbers  who  neglected  the  protection  offered  them.  From  be- 
ginning to  end  it  will  be  observed  that  small-pox  absolutely  confined  itself 
to  those  who  did  not  submit  to  the  operation.  Not  a single  recently 
revaccinated  individual  was  attacked  by  the  disease  from  beginning  to 
end  of  the  period.  There  being  most  small-pox  in  the  east  end,  vaccina- 
tion was  most  resorted  to  there. 


Not  Recently  Revaccinated  and  Recently  Revaccinated  Population  of 
Glasgow,  over  five  years  of  age,  in  each  Fortnight,  with  the  cases 
of  Small-pox  occurring  in  each  Class.  (Dr.  A.  K.  Chalmers.) 


Not  Recently  Re  vaccina  ted. 

Recently  Revaccinated.  j 

1 

Population. 

Cases 

Registered.! 

Population. 

Cases  1 

Registered.  ' 

•January 

12,  1901  . 

675,887 

23 

0 

0 

26  . 

674,816 

350 

1,071 

0 

February 

9 . 

671,025 

202 

4,862 

0 

23  . 

634,213 

127 

41,674 

0 

March 

9 . 

556,561 

299 

119,326 

0 

23  . 

518,426 

161 

157,461 

0 

April 

6 . 

474,694 

92 

201,193 

0 

20  . 

429,056 

67 

246,831 

0 

May 

4 . 

384,371 

28 

291,516 

0 

18  . 

366,125 

18 

309,762 

0 

June 

1 . 

352,633 

11 

323,254 

0 ■ 

15  . 

347,777 

2 

328,110 

0 

29  . 

345,293 

8 

330,694 

0 

July 

13  . 

281,867 

1 

394,020 

0 

Novembei 

16  . 

279,452 

1 

396,435 

0 

30  . 

279,232 

5 

396,665 

0 

December 

14  . 

279,020 

4 

396,867 

0 

28  . 

278,796 

0 

397,091 

0 

January 

11,  1902  . 

278,623 

28 

397,264 

0 

25  . 

278,152 

23 

397,735 

0 

February 

8 . 

277,653 

23 

398,234 

0 

22  . 

277,134 

147 

398,753 

0 

March 

8 . 

276,033 

92 

399,864 

0 

22  . 

274,611 

85 

401,276 

0 

April 

5 . 

272,694 

36 

403,193 

0 

19  . 

271,619 

15 

404,268 

0 

May 

3 . 

271,032 

10 

404,855 

0 

The  communities  living  in  these  great  four-storied  buildings  were 
sharply  differentiated  by  acceptances  and  refusal  of  vaccination,  whilst 
the  differentiation  made  by  small-pox  was  equally  sharp  and  ecpially 

1 The  cases  under  five  years  have  not  been  excluded  from  these  figures,  liecause  their 
allocation  through  the  various  fortnights  would  have  been  difficult,  and  their  inclusion  is 
unimportant.  In  the  1900-1901  part  of  the  outbreak  these  numbered  60,  54  of  whom 
(including  30  cases  occurring  under  one  year)  were  unvacciuated  primarily. 
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definite.  The  two  dillereutiations  coincided  from  beginning  to  end. 
The  disease  passed  by  the  recently  A'accinated  and  found  all  its  A'ictims 
among  the  unprotected  population.  It  went  from  door  to  door  like  a 
rate  collector  Uiking  his  dues  only  from  those  who  had  not  accepted  the 
ottered  relief. 

Small -pox  Hospital  Nurses. — "While  this  GlasgOAV  population  was, 
owing  to  its  housing  arrangements,  exceptionally  exposed  to  small-pox, 
there  occur  eveiy  now  and  then  conditions  Avhich  furnish  even  a seA'erer 
test.  2s  o opportunities  for  infection  are  comparable  svith  those  of  the 
statt'  of  small-pox  hospitals.  The  nurses  live  in  a constant  atmosphere  of 
infection.  Their  duties  svith  regard  to  nursing  and  cleansing  of  jjatients, 
dressing  of  facial  eruptions,  removing  of  soiled  bedding,  and  other  such 
routine  svork,  subject  them  to  unequalled  risks  of  infection.  The 
statistics  with  regard  to  their  resistance  to  attack  by  the  disease  are  now 
Avell  known,  and  some  of  them  Avill  be  noted  here. 

At  Homerton  Hospital,  in  1871-1877,  366  persons  were  employed. 
AU  but  one  Avas  revaccinated,  and  she  Avas  the  only  one  Avho  took 
smaU-pox.  In  the  small-pox  hospital-ships  of  the  Metropolitan  Asylums 
Board  in  the  tAveWe  years  1884-1895,  the  number  of  attendants  A^aried 
from  below  50  to  upwards  of  300,  and  in  only  three  of  the  twelve  years 
Avere  there  any  cases  of  small-pox.  The  total  cases  in  the  tAvelve  years 
Avere  12.  In  one  of  the  12  the  disease  appeared  Avithin  three  days 
of  her  entering  the  hospital,  in  another  Avithin  nine  days,  in  4 others 
Avithin  ten  days,  and  in  4 others  Avithin  tweh^e  to  fifteen  days.  The 
Commission  state  that  “ none  of  the  recorded  cases  appear  to  have  been 
revaccinated  successfully  prior  to  the  period  of  incubation  of  the  small- 
pox, though  the  operation  was  in  all  cases  attempted  shortly  after 
joining.”  During  the  London  epidemic  bf  1901-2  the  small-pox  staff  of 
the  Asylums  Board  consisted  of  974  persons,  494  of  these  being  nurses. 
Only  2 took  small-pox,  and  1 of  these  had  not  been  revaccinated  because 
she  had  had  small-pox  previously.  In  the  Highgate  Small-pox  Hospital 
during  sixty  years,  beginning  1836,  the  only  member  of  the  staff  attacked 
by  small-pox  Avas  a gardener.  Of  137  nurses  and  attendants  since  May 
1883,  30  had  had  small-pox  previous  to  entering  the  serAuce.  All  the 
others  Avere  revaccinated  A\dth  one  exception,  and  he  was  the  gardener 
Avho  took  the  disease. 

In  the  Sheffield  hospitals  in  the  year  ending  31st  March  1888  there 
Avere  1798  cases  of  small-pox.  There  Avere  161  attendants,  etc.,  of 
whom  18  had  had  small-pox  previously  and  escaped  attack,  63  had  been 
vaccinated  in  infancy,  and  6 of  these  Avere  attacked  and  1 died.  The 
other  80  Avere  successfully  revaccinated,  and  all  escaped  the  disease. 

In  Leicester  in  1892-93,  OAving  no  doubt  to  the  popularity  of  anti- 
A'accination,  some  of  the  nurses  refused  vaccination.  The  staff  consisted 
of  40  persons,  of  Avhom  14  had  had  small-pox  or  been  rcvaccinated 
before  the  small-pox  outbreak,  and  20  Avere  revaccinated  at  the  time. 
Among  these  34  one  mild  case  occurred  in  a nurse  Avho  had  been 
rcvaccinated  ten  years  i)reviously.  Six  of  the  nurses  refused  revaccination. 
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and  5 of  these  took  the  disease,  one  of  the  attacks  being  fatal.  The 
sixth  \vho  escaped  was  the  matron,  who  had  less  intimate  relation  to  the 
nursing  of  the  patients.  Small-pox  returned  to  Leicester  in  190.3-4,  but 
there  was  by  that  time  no  material  for  an  exactly  similar  control  experi- 
ment. The  resident  staff  was  74.  All  excepting  3,  who  had  already 
had  small-pox,  had  been  recently  vaccinated,  and  all  escaped  the  disease. 
Yet  the  hospital  did  furnish  a control  experiment.  Two  workmen 
temporarily  employed  at  it  were  not  revaccinated,  and  both  took  small- 
pox, though  they  were  never  in  the  wards.  The  medical  officer  brought 
into  the  wards  his  own  vaccinated  children  and  had  them  photographed 
at  the  bedside  of  a small-pox  patient. 

In  Glasgow  230  workmen  were  employed  at  Belvidere  in  1903 
extending  the  small-pox  hospital  accommodation.  Of  these,  217  were 
successfully  revaccinated,  and  13  refused  or  were  passed  over.  Not  one 
of  the  217  took  small-pox,  but  5 of  the  13  were  attacked  and  1 died. 

Still  another  control  experiment  as  regards  the  infectivity  of  small- 
pox and  the  power  of  vaccination  to  resist  it  is  to  be  found  where,  as 
occasionally  happens,  a mother  with  a baby  at  the  breast  has  to  be 
admitted  to  hospital,  and  where  there  is  no  one  at  home  to  nurse  the 
child.  In  Stirlingshire  recently  I had  experience  of  two  such  cases. 
The  infants  were  vaccinated  before  admission.  They  lived  and  were 
nursed  in  the  small-pox  ward  and  came  away  unharmed.  Similarly  in 
the  recent  Dewsbury  epidemic  Dr.  Maynard  Ashcroft  writes  that  “ there 
was  a considerable  number  of  children  and  infants,  who,  though  not 
themselves  suffering  from  the  disease,  were  admitted  to  the  hospital 
because  the  houses  they  lived  in  had  to  be  closed  owing  to  the  parents 
being  stricken  with  small-pox,  or  because  the  mother  could  not  leave  the 
infant  at  home ; these  children  were  efficiently  vaccinated,  and  never  in 
any  single  case  did  they  shew  the  slightest  trace  of  small-pox,  and  yet 
they  were  daily  in  contact  with  and  living  amongst  persons  suffering 
from  the  disease,  often  in  its  most  severe  forms  and  in  all  stages.” 

It  has  been  suggested  that  the  remarkable  immunity  of  small-pox 
nurses  to  infection  is  due  to  their  being  in  some  way  accustomed  to  or 
seasoned  against  the  disease,  Isut  that  cannot  be  alleged  regarding  the 
children,  and  there  is  no  meaning  in  such  a statement  with  reference  to 
the  nurses.  They  are  not  in  any  way  seasoned  against  small-iDox  when 
they  first  begin  to  nurse  it.  The  Leicester  nurses  who  refused  vaccina- 
tion were  duly  attacked  by  small-pox,  and  the  other  exceptions  that  from 
time  to  time  occur  are  almost  invariably  illustrations  of  the  fact  that  if 
revaccination  is  neglected  there  is  no  immunity  from  seizure. 

At  Salford,  during  the  epidemic  of  1903,  Mr.  Mullen,  the  medical 
superintendent,  reports  that  “ with  very  few  exceptions  all  the  nursing 
staff  of  the  Ladywell  Sanatorium,  all  of  whom  were  successfully  re- 
vaccinated, were  afforded  the  opportunity  of  adding  to  their  experience 
by  being  detailed  in  turn  for  attendance  on  small-pox  patients.  Not  one 
of  the  staff  contracted  the  disease.” 

The  same  experience  may  be  illustrated  otherwise.  If  the  nurses 
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belong  to  ii  luvrdeneil  class  rendered  indilierent  by  custom,  and  if  that 
condition  affords  them  jirotection  it  should  protect  them  similarly  with 
regard  to  other  infectious  diseases;  but  regarding  liomerton  Hospital, 
Dr.  Collie,  the  late  medical  superintendent,  stated  that  “ the  only  way  in 
which  nurses  become  seiisoned  against  fever  is  by  taking  the  disease.” 

Sir  Kichard  Thorne  in  his  evidence  before  the  Koyal  Commission 
{)ointed  out  that  when  typhus  was  in  Newcastle  in  1882  only  5 of  14 
nurses  escaped  attack,  and  that  of  the  attacked  2 died.  In  Gateshead 
the  experience  was  even  more  striking,  the  medical  officer  writing  that 
“ every  nui'se  who  has  been  more  than  a fortnight  in  the  typhus  wards  has 
suffered  from  typhus.”  In  the  ten  years  ending  1881,  in  the  Homerton, 
Stock  well,  and  Liverpool  Road  Fever  Hospitals,  133  of  the  staff  were 
attacked  by  various  fevers,  and  25  died.  The  Royal  Commission  state 
that  in  the  Asylums  Board  Hospitals  in  1887-95  as  many  as  704  of 
attendants  sufiered  from  scarlet  fever,  diphtheria,  or  enteric  fever. 

The  e^^dence  of  the  protective  value  of  vaccination  as  furnished  by 
the  experience  of  the  stall’  of  small-pox  hospitals  is  stronger  than  is 
perhaps  to  be  found  with  regard  to  any  other  subject  in  the  whole 
domain  of  medicine,  and  indeed  it  is  infinitely  stronger  than  that  on 
which  conclusions  are  based  in  almost  every  other  department  of  science 
and  of  everyday  life. 

Small-pox  after  Revaeeination. — It  Avill  be  observed  that  the  most 
striking  evidence  of  the  power  of  revaccination  is  to  be  found  in  the 
protection  of  the  administrative  staff  of  small-pox  hospitals,  and  of 
children  admitted  for  convenience  to  such  hospitals  because  their 
guardians  are  interned  there,  and  of  the  400,000  inhabitants  of 
Glasgow  who  accepted  vaccination  in  presence  of  an  epidemic.  The  fact 
common  to  nearly  all  these  examples  is  the  recency  of  the  protective 
operation.  Nurses  are  seldom  allowed  to  go  more  than  ten  years 
without  its  repetition,  especially  in  the  presence  of  an  epidemic.  The 
protective  power  of  revaccination  is  not  in  all  cases  absolutely  permanent. 
It  may  safely  be  regarded  as  of  longer  duration  than  that  of  infantile 
vaccination,  because  revaccination  is  done  on  a body  in  which  growth  is 
approaching  completion,  and  tissue-chalige  is  lessening,  whereas  infantile 
vaccination  is  performed  on  a being  only  a stone  or  two  in  weight,  and 
the  protection  ^vill  become  diluted  and  diminished  in  value  as  development 
proceeds  towards  manhood.  No  doubt  in  Germany  a fraction  of  the  popula- 
tion is  susceptible  to  small-pox  infection,  but  the  vaccinal  condition  of  the 
empire  as  a whole  is  such  that  small-pox  can  hardly  ever  find  a footing. 
The  susceptible  are  sun-ounded  by  a cordon  of  millions  of  insuscei)tible 
people,  and  infection  cannot  reach  them.  The  disease  appears  from  time 
to  time  near  the  borders,  where  there  is  constant  intercourse  with  less 
vaccinated  countries — Russia,  Austria,  and  France — but  so  introduced, 
it  fails  to  invarle  Germany.  It  dies  out  like  fire  applied  to  damp  grass. 
So  it  is  with  regard,  .say,  to  our  own  army.  As  already  noted,  revaccination 
of  soldiers  appears  not  to  be  carried  out  so  thoroughly  as  it  might  be,  but 
the  forces  in  this  country  have  less  opportunity  of  infection  than  in  India 
VOL.  ri. — IT.  I 3 K 
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or  Egypt,  and  it  is  these  places  that  probe  the  weak  spots  in  the  system 
of  military  vaccination.  Any  one  in  this  country  who  is  likely  to  be 
e.vposed  to  the  infection  of  epidemic  small-pox,  whether  as  medical 
attendant  or  otherwise,  should  not  hesitate  to  renew  his  protection  if  his 
revaccination  is  many  years  old  or  had  produced  a much  modified  local 
result  when  performed. 

Sanitation  and  Small-pox. — It  is  continually  suggested  by  opponents 
of  vaccination  that  the  diminution  of  small-pox  prevalence  is  due  to 
sanitation.  But  the  meaning  attached  to  the  tei-m  “ sanitation  ” varies 
with  circumstances.  In  its  broadest  sense  it  includes  all  practicable  and 
available  means  for  conserving  the  public  health,  such  as  vaccination  and 
isolation,  but  its  use  is  often  conveniently  limited  so  as  to  refer  onh’^  to 
measures  for  improving  the  surroundings  of  the  individual,  by  providing 
him  with  pure  air,  water,  and  food,  good  house  accommodation,  and  so 
forth.  These  agencies  improve  the  general  health,  and  are  in  their 
degree  good  against  all  human  diseases,  whether  local  or  general, 
infectious  or  non  - infectious ; and  as  regards  small -pox,  lessening 
of  overcrowding  and  a freer  supply  of  better  air  are  of  much  more 
consequence  than  the  rest.  But  pure  water-supply,  which  causes  dimi- 
nution in  the  prevalence  of  enteric  fever,  has  no  similar  effect  with 
regard  to  small-pox,  and  Jennerian  vaccination  does  not  prevent  enteric 
fever.  So  also  milk,  which  can  convey  scarlet  fever,  cannot  carry 
whooping-cough  or  measles  ; so  that  the  guarding  of  the  milk-supply  does 
not  diminish  these  diseases.  Sanitation  embraces  all  such  measures,  but 
they  are  of  particular  rather  than  general  application,  and  the  one 
sanitary  measure  which  really  prevents  the  spread  of  small-pox  is 
vaccination,  just  as  a safe  water-supply  is  the  preventive  of  spread  of 
cholera.  Excluding  vaccination,  all  the  rest  of  sanitation  cannot  account 
for  the  facts  of  experience  already  set  forth  in  this  article. 

As  already  stated,  one  striking  feature  in  the  case  for  vaccination 
consists  in  the  convergence  of  all  lines  of  evidence  towards  the  one 
conclusion.  This  test  was  applied  to  the  proposition  that  sanitation  is 
the  cause  of  the  decline  in  small-pox  in  a pamphlet  prepared  for  the 
Council  of  the  British  Medical  Association,  as  follows : — 

Whooping-cough  and  measles  deaths  still  belong  to  childhood  as  in  the  last 
{18th]  century,  while  small-pox  deaths  have  been  removed  from  childhood  to  later 
periods  of  life.  How  could  sanitation  account  for  this  differentiation  ? If  it  be 
suggested  that  because  sanitation  confers  a special  benefit  on  children  it  may 
have  altered  the  age-incidence  of  small-pox,  the  answer  is  got  by  looking  at 
facts.  In  Germany,  as  we  have  seen,  vaccination  is  not  compulsory  till  the 
second  year,  and  over  40  per  cent  of  all  the  small-pox  deaths  occur  under  two 
years  of  age.  In  Scotland  the  vaccination  age  is  six  months,  and  children  under 
six  months  make  just  about  the  same  contribution  (138  deaths  per  1000  deaths) 
to  the  total  small-pox  deaths  as  they  did  (139  deaths  per  1000)  before  the 
vaccination  law  was  passed.  But  in  the  next  half-year  of  life — the  half-year  of 
vaccination — the  contribution  has  fallen  from  153  to  47.  Surely  this  is  vacci- 
nation and  not  sanitation.  In  a community  attacked  by  small-pox,  how  could 
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sauitation  at  home  protect  postmen  going  i'rom  door  to  door  day  after  day  in 
infected  districts  ? In  Leicester,  how  could  sanitation  account  for  the  revaccinated 
nurses  escaping  small-pox  and  the  nurses  who  had  refused  revaccination  taking 
small-pox?  How  could  sanitation  cause  small -jiox  to  pass  over  vaccinated 
children  and  seize  on  unvaccinated  children  in  houses  invaded  by  small-pox 
in  Dewsbury,  Leicester,  and  Gloucester  ? How  can  sanitation  have  caused  the 
fatality  of  small-pox  cases  to  be  much  less  among  the  vaccinated  than  among 
the  uuvaccinated  in  these  towns,  especially  if  vaccination  weakens  the  system, 
and  makes  it  less  I’esistaut  to  disease,  as  is  alleged  by  anti-vaccinationists  ? How 
could  sanitation  cause  children  with  three  or  four  vaccination  marks  to  have  a 
less  fatidity  from  small-pox  than  children  with  one  or  two  vaccination  marks  ? 
In  Glasgow,  while  sanitation  was  going  from  bad  to  worse  in  the  early  part  of  the 
[19th]  century,  vaccination  was  introduced  and  small-pox  underwent  an  enormous 
diminution,  though  hospitals  and  isolation  and  disinfection  were  entirely  out  of 
the  question.  In  Gloucester,  vaccination  had  been  neglected,  and  in  1891  the 
SecreUu-y  to  the  Anti-Vaccination  League  declared  to  the  Royal  Commission  that 
Gloucester  was  a very  clean  town,  and  had  always  been  well  abreast  of  sanitary 
improvements,  and  that  its  death-rate  was  very  low.  The  Board  of  Guardians 
also  wrote  to  the  Commission  on  the  same  lines.  But  small-j)ox  came,  and  the 
town  suffered  from  a terrible  epidemic,  and  ever  since  then  the  anti-vaccinationists 
have  been  declaring  that  there  was  a great  want  of  sanitation  in  Gloucester. 
IVhat  was  wanting  was  vaccination. 

For  convenience  the  Registrar-General  many  years  ago  grouped  together 
places  whose  death-rate  was  low,  and  classified  them  as  “healthy  districts.” 
They  were  nearly  all  found  to  be  sparsely  populated  rural  districts,  u'here, 
though  houses  may  be  damp  and  overcrowded,  and  other  insanitary  conditions 
prevail,  there  is  little  opportunity  for  infection.  In  such  places,  in  spite  of  bad 
sanitation,  there  is  a lower  death-rate  than  in  towns,  because,  independently  of 
sanitary  effort,  the  atmosphere  is  purer.  Also  there  is  less  small-pox,  and 
it  comes  at  a later  average  age,  because  there  is  less  facility  for  spread  of 
infection  on  account  of  the  smallness  of  the  population  and  the  distance  of  house 
from  house  and  viUage  from  village.  In  such  circumstances,  though  there  is 
little  sanitary  effort,  there  is  little  small-pox,  and  unvaccinated  persons  have  a 
better  chance  of  escaping  small-pox  attack  than  they  have  in  large  towns  where 
sanitary  arrangements  are  more  elaborate. 

Thk  Control  of  Sjiall-pox  in  Britain 

I have  now,  as  I believe,  proved  that  vaccination  can  prevent  small- 
pt.»x,  and  that,  in  fact,  it  is  responsible  for  the  remarkable  dimiuution  in 
the  prevalence  of  the  disease  now  as  compared  Avith  pre-vaccination 
times.  In  view  of  the  attitude  of  the  legislature  in  this  country  towards 
the  whole  subject  of  vaccination  and  revaccination,  a very  important 
practicJil  question  remains,  namely,  how  we  can  best  deal  with  small-pox 
in  a country  where  primary  vaccination  is  to  a great  extent  oiDtional, 
and  where  re  vaccination  is,  except  in  certain  public  services,  cntirel}- 
optional. 

It  was  my  puipose  to  proceed  to  discussion  of  this  very  important 
subject,  including  consideration  of  the  value  of  hosjhtal  isolation  of 
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small-pox,  the  size  and  situation  of  such  hospitals,  their  influence  on 
surrounding  populations,  their  management  with  the  view  to  minimising 
their  evil  influence,  the  value  of  vaccination  after  exposure  to  small-pox, 
observation  of  “ contacts,”  the  influence  of  epidemic  type  on  spread  of 
infection,  and  the  experiences  of  Leicester,  Gloucester,  and  Dewsbur}' 
with  regard  to  vaccination  and  small-pox.  But  space  does  not  permit 
this  to  be  done  in  the  present  article,  and  what  I have  to  say  on  these 
matters  must  be  reserved  for  another  occasion. 

John  C.  M'Vail. 
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FOOT-AND-MOUTH  DISEASE 

By  Sir  John  M'Fadyean,  M.B. 

Synonym — Epizootic  stomatitis 

Foot-and-Mouth  disease  is  an  acute  febrile  affection  characterised  l^y  the 
formation  of  a vesicular  eruption,  the  most  constant  seats  of  which  are 
the  Imccal  mucous  membrane  and  the  skin  of  the  digits.  It  is  highly 
contagious  among  ruminant  animals,  wild  and  domestic,  and  among  pigs. 
It  is  frequently  transmitted  from  these  animals  to  human  beings,  and 
occasionally  also  to  horses,  dogs,  cats,  and  fowls. 

History. — Although  there  is  good  reason  to  believe  that  foot-and- 
mouth  disease  was  unknown  in  this  country  before  the  last  century,  it 
appears  to  have  prevailed  at  intervals  in  the  epizootic  form  in  Eastern 
Europe  for  centuries  before  its  introduction  into  Great  Britain.  In  the 
sixteenth  century  it  was  described  by  the  Italian  writers  Fracastori, 
Ruini,  and  Francisi ; and  in  1686  and  1687  it  spread  over  Germany  and 
Franco.  In  the  following  century  it  appears  to  have  had  a wide  distrilDU- 
tion  over  the  continent  of  Europe,  and  numerous  epizootic  outbreaks  of 
it  are  recorded.  In  the  early  part  of  the  last  century  it  was  equally 
prevalent  in  Eastern  and  Middle  Europe,  but  it  was  not  till  1839  that 
the  disease  obtained  a footing  in  Great  Britain.  The  precise  circum- 
stances of  its  introduction  here  are  not  known,  but  during  that  year  it 
speedily  acquired  epizootic  dimensions  among  British  cattle.  The  earliest 
reference  to  it  in  vetei’inary  literature  is  found  in  the  Vetennarian  for 
1839,  where,  under  the  heading,  “The  present  Epidemic  among  Cattle,” 
Mr.  Hill,  a veterinary  surgeon  of  Islington  Green,  described  an  outbreak 
in  a dairy  of  700  cows.  Six  of  the  cows  were  suddenly  attacked  “with 
a singular  disease,  the  symptoms  of  which  rvere  precisely  the  .same  in 
each.  The  lining  membrane  of  the  whole  of  the  mouth  was  in  a state  of 
inflammation  and  vesication.  The  tongue  was  involved,  but  the  most 
extensive  and  annoying  vesication  was  between  the  under  lip  and  the 
gums.  In  two  of  the  six  it  extended  over  the  muzzle  to  the  nostrils  . . . 
and  peculiar  symptoms  accompanied  this — a continual  catching  up  and 
shaking  of  one  or  other  of  the  hind  legs.”  These  symptoms  were  at  first 
attriljutcd  to  some  poisonous  herbage  j but  that  the  disease  was  epizootic 
was  soon  made  manifest,  for  in  the  course  of  about  ten  days  more  than 
500  of  the  cows  had  been  attacked. 

Succeeding  numbers  of  the  Veterinarian  contain  other  reports 
regarding  the  “Epidemic,”  the  contagious  character  of  which  was  soon 
recognised,  although  the  possibility  of  its  originating  under  “ atmospheric 
agency  ” was  entertained  by  many  veterinary  surgeons.  Indeed,  as  late 
;is  1857,  Professor  Simonds  denied  that  foot-and-mouth  disease  was 
imported  ; and  for  many  years  afterwards  this  opinion  was  used  to 
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combat  the  ett'orts  of  those  tvho  held  that  the  disease  never  originated 
spontaneously,  and  ought  to  be  opposed  by  measures  calculated  to  stamp 
it  out. 

From  the  period  of  its  introduction  till  1866  foot-and-mouth  disease 
was  never  absent  from  Great  Britain  ; but  b}^  the  end  of  the  latter  j^ear, 
apparently  owing  to  the  operation  of  the  measures  directed  against  cattle 
plague,  this  country  was  nearly  free  from  the  disease.  The  next  few 
years,  however,  saw  an  alarming  recrudescence  of  the  plague  ; and  in  1870 
and  1871  over  a million  animals  were  reported  to  have  been  attacked 
by  it.  The  Contagious  Diseases  (Animals)  Act  came  into  force  in  1878, 
and  the  repressive  measures  Avhich  it  introduced  had  almost  eradicated 
foot-and-mouth  disease  by  the  end  of  the  following  year.  Unfortunately, 
during  1880  it  began  again  to  spread;  and  in  1883  nearly  half  a million 
animals  were  reported  to  have  been  attacked.  After  that  date  it  gradu- 
ally declined,  until  in  1886  only  one  outbreak  was  reported.  For  the 
following  six  years  the  British  Islands  were  free  from  foot-and-mouth 
disejise ; but  in  February  1892  the  disease  was  discovered  among  some 
Danish  oxen  in  the  Metropolitan  Cattle  Market.  Notwithstanding  the 
utmost  vigilance  of  the  Board  of  Agi’icultiue  this  proved  the  starting-point 
of  an  epizootic  diuing  which,  in  England  and  Scotland,  5267  animals 
were  attacked.  Eigorous  isolation,  supplemented  in  some  cases  by 
slaughter  of  the  affected  animals  and  of  those  that  had  been  exposed  to 
the  contagion,  had  the  effect  of  exterminating  the  disease  by  June  1892. 

Since  1892  the  importation  of  live  cattle  from  countries  in  which 
foot-and-mouth  disease  exists  has  been  prohibited ; but,  nevertheless, 
since  that  date  the  coimtry  has  thrice  been  invaded  by  the  disease.  On 
the  6rst  of  these  occasions  the  disease  appeared  on  January  1,  1893 
in  a London  cow-house,  and  six  Aveeks  later  on  a farm  near  Hastings. 
The  London  outbreak  was  suppressed  by  the  prompt  slaughter  of  all  the 
cattle  on  the  premises ; and  in  the  Hastings  outbreak  strict  isolation 
sufficed  to  prevent  the  spread  of  the  disease.  The  next  Ausitation 
occtured  in  1894,  but  it  Avas  limited  to  three  outbreaks,  in  Avhich  268 
animals  Avere  attacked.  The  last  visitation  began  in  January  1900,  and 
terminated  in  April  1901  ; it  comprised  33  outbreaks,  in  Avhich  935 
animals  Avere  attacked. 

In  none  of  these  recent  Ausitations  AA'as  the  source  of  the  disease  traced, 
though  there  can  hardly  be  any  doubt  that  the  contagium  Avas  in  some 
manner  brought  from  the  Continent,  on  Avhich  the  disease  then  existed  at 
A'arious  points  opposite  Great  Britain.  None  of  the  circumstances  brought 
to  light  by  the  inquiries  instituted  by  the  Board  of  Agriculture  made  it 
apyjcar  probable  that  the  virus  had  been  introduced  in  imported  straAv, 
hay,  or  hides,  or  adhering  to  the  clothes  or  persons  of  human  beings, 
and,  on  the  other  hand,  it  is  scarcely  conceivable  that  the  contagium  can 
have  been  carried  acro.ss  the  North  Sea  in  the  air-.  In  this  connexion  it 
is  a noteworthy  circumstance  that,  in  .spite  of  the  suspension  of  cattle 
traffic,  the  disease  has  on  several  occasions  brokerr  out  itr  Denrnai'k  Avhcn 
it  prevailed  in  Germany,  and  Bang  of  Copenhagen  has  .suggested  as  a 
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possibility  that  the  virus  may  have  been  introduced  adhering  to  the  feet 
of  wild-fowl. 

Etiolog’y. — Foot-and-mouth  disease  is  an  eminently  infectious  malady, 
and  its  history  indicates  that  it  belongs  to  the  class  of  infectious 
diseases  as  opposed  to  the  miasmatic.  In  other  words,  the  germ  or 
virus  of  foot-and-mouth  disease  does  not  propagate  itself  save  in  the 
bodies  of  affected  animals ; every  case  of  the  disease  is  ascribable  to 
germs  dei’ived  from  an  antecedent  case.  In  the  vast  majority  of  cases 
searching  inquiry  suffices  to  bring  the  source  of  the  contagion  to  light; 
and  the  exceptions  to  this  rule  in  no  way  compel  us  to  admit  that  the 
disease  is  ever  due  to  spontaneous  development  or  miasmatic  poison  ; since 
it  is  known  that  the  virus  of  the  disease  possesses  considerable  vitality 
outside  the  body,  and,  adhering  to  inanimate  objects,  may  be  carried 
long  distances  in  an  active  condition.  Fresh  outbreaks,  without  actual 
contact  between  animal  and  animal,  may  thus  be  brought  about  by  such 
means  as  farm-yard  manure,  straw,  hay,  railway  waggons,  steamboats, 
human  clothing,  and  so  forth.  l\Iany  instances  have  been  observed  in 
which  the  clothes  of  milkmaids  or  other  farm-servants  have  transported 
the  virus  of  the  disease  from  one  locality  to  another.  It  is  probable  also 
that  wild  animals,  such  as  rooks,  hares,  and  rabbits,  although  not  them- 
selves affected,  may  transport  saliva  of  infected  animals  from  one  field  to 
another,  and  thus  spread  the  disease. 

During  that  stage  of  the  disease  included  between  the  rise  of  tem- 
perature and  the  appearance  of  the  characteristic  lesions  the  virus 
circulates  in  the  blood,  but  after  the  development  of  the  eruption  the 
blood  is  no  longer  infective  (Loffler  and  Frosch).  On  the  other  hand, 
the  agent  of  infection  appears  to  be  always  abundantly  present  in  the 
fluid  of  the  vesicles  which  form  in  the  mucous  membranes  or  skin,  and 
in  the  discharge  from  the  ulcers  left  by  those  vesicles  when  they  burst. 
The  buccal  saliva  is  highly  charged  with  the  virus  from  the  first  appear- 
ance of  the  eruption  in  the  mouth ; but  there  is  no  reason  to  believe  that 
the  agents  of  infection  are  excreted  by  the  salivary  glands.  In  like 
manner  the  milk  is  probably  not  infective  excejit  when  soiled  Avith  the 
contents  of  vesicles  that  have  formed  on  the  extei’ior  of  the  teats  or  in 
the  interior  of  the  gland,  or  by  the  hand  of  the  milkmaid. 

To  Avhat  extent  the  virus  may  be  carried  by  the  air  is  unknoAvn. 
The  older  Avriters  on  the  subject  regarded  the  virus  of  foot-and-mouth 
disease  as  belonging  to  the  class  of  fluid  contagia,  and  many  belicA'ed  that 
it  could  be  carried  for  miles  in  the  atmosphere.  For  example,  the  rapid 
spread  of  the  disease  over  nearly  the  Avhole  continent  of  Europe  in  1839, 
and  even  across  the  sea  to  England,  was  regarded  by  Haubner  as  conclu- 
sive evidence  of  the  fluid  nature  of  the  virus ; and  it  Avas  asserted  that 
the  disease  on  that  occasion  broke  out  in  the  most  isolated  localities,  such 
as  mountain  districts  and  forests,  Avhere  there  Avas  no  cattle-traffic  Avith 
the  surrounding  country.  At  the  present  day  it  is  not  necessary  to 
combat  the  hypothesis  that  the  virus  of  foot-and-mouth  disease  is  gaseous 
in  its  nature ; and  experience  has  proved  that  rigorous  isolation  of 
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infected  animals  is  nearly  always  etlectual  in  preventing  the  spread  of  the 
disease.  In  the  cases  which  appear  to  constitute  exceptions  to  this  rule, 
it  is  more  probable  that  the  contagium  has  been  carried  by  some  un- 
detected intermediate  agent  (human  beings,  dogs,  birds,  hares,  rabbits, 
etc.)  than  that  it  was  air-borne. 

In  illustration  of  the  ease  with  which  the  infection  of  this  disease 
may  be  spread  by  intermediary  bearers,  the  following  case  may  be 
quoted  : — Gensert,  a German  veterinary  surgeon,  visited  a byre  in  Avhich 
foot-and-mouth  disease  existed,  and  remained  in  it  for  about  ten  minutes. 
Two  hours  afterwards,  having  changed  his  hat  and  coat,  and  washed  his 
hands  with  soap  and  water,  he  started  to  make  another  visit,  and  drove 
for  an  hoiu’  and  a haK  in  an  open  conveyance.  Having  arrived  at  his 
destination  he  performed  an  operation  on  the  eye  of  a cow.  Eight  days 
afterwaixis  the  cow  shewed  sj'^mptoms  of  foot-and-mouth  disease,  and 
within  a few  days  all  the  other  cattle  on  the  premises  were  affected. 
This  was  the  first  outbreak  in  the  neighbourhood,  and  Gensert,  therefore, 
had  no  doubt  that  he  had  carried  the  contagium  on  his  clothes. 

In  the  preceding  paragraphs  the  terms  virus  and  contagium  have 
been  used  to  designate  the  causal  agent  of  foot-and-mouth  disease,  but 
the  exact  nature  and  form  of  this  agent  are  still  matters  of  dispute. 

Bacteriology. — Klein,  Schottelius,  Behla,  Kurth,  and  others  have  at 
ditferent  times  described  bacteria  or  other  microscopic  organisms  which 
they  found  in  the  lesions  or  in  the  blood  of  affected  animals,  and  which 
the}'  held  to  be  the  cause  of  the  disease.  All  such  claims,  however,  have 
been  definitely  set  at  rest  by  the  researches  of  Lbffler  and  Frosch,  who  in 
1898,  discovered  that  the  fluid  taken  from  a foot-and-mouth  disease 
vesicle,  when  largely  diluted  with  water  and  passed  through  a Berkefeld 
filter,  still  retains  its  %drulence.  The  filtrate  thus  obtained  is  free  from 
Hsible  particles  under  the  highest  powers  of  the  microscope,  and  the 
cause  of  foot-and-mouth  disease  therefore  belongs  to  the  class  of 
so-called  “ ultra-\dsible  viruses”  {vide  168).  Like  all  the  other  -N-iruses 
of  the  same  kind  at  present  known,  it  is  not  only  invisible  but  also  un- 
cultivable  by  any  artificial  means  hitherto  employed. 

Pathological  Anatomy. — The  characteristic  lesion  of  foot-and-mouth 
disease  is  a vesicular  eruption ; and,  as  the  name  expresses,  the  feet  and 
the  mouth  are  the  main  seats  of  election  of  the  eruption.  In  milch 
cows  vesicles  not  infrec[uently  form  on  the  skin  of  the  teats  and  udder ; 
and  occasionally  the  eruption  appears  in  other  situations,  such  as  the 
muzzle,  the  nostrils,  the  skin  of  the  vulva  and  perineum,  or  the  mucous 
membrane  of  the  throat,  gullet,  stomachs,  or  intestines.  The  localisa- 
tion of  the  lesions  in  the  mouth  or  feet  is  in  no  way  ascribable  to  the 
method  of  infection,  though  this  has  been  asserted  by  some  authors. 
Animals  infected  by  way  of  the  alimentaiy  canal  may  have  an  erup- 
tion on  the  feet  as  well  as  in  the  mouth  ; and  an  eruption  in  both 
of  these  .situations  may  follow  infection  by  inoculation  at  any  part  of  the 
Wly. 

In  the  month  the  vesicles  may  form  on  any  part  of  the  mucous 
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membrane ; but  they  occur  most  frequently  on  the  inside  of  the  lips,  the 
pad  of  the  upper  jaw,  and  the  tongue.  Their  appearance  in  these 
situations  is  no  doubt  preceded  by  a stage  of  inflammatory  hyperaemia, 
but  this  is  seldom  noticeable  owing  to  the  thickness  of  the  epithelium. 
The  stage  of  vesiculation  is  determined  by  the  escape  of  a thin  serous 
exudate  from  the  vessels  of  the  inflamed  corium,  and  its  accumulation  in 
the  deeper  layers  of  the  epithelium.  Small  cavities  containing  a clear 
liquid  are  thus  formed  in  the  rete  Malpighii,  and  these  gradually  in- 
crease in  size  and  become  confluent,  while  the  stratum  corneum  is 
stretched  and  upheaved  into  a blister-like  elevation.  The  bursting  of  the 
vesicle  is  hastened  by  the  movements  of  the  tongue  or  lip,  and  the  vesicle 
becomes  converted  into  a shallow  erosion  or  ulcer,  the  bright  red  floor 
of  wliich  is  formed  by  the  congested  papillae  of  the  mucosa.  The 
vesicles  vary  in  size  from  a sixpence  to  a five-shilling  piece,  and  their 
outline  maj''  be  circular,  oval,  oi-  irregular.  Iji  uncomplicated  cases 
regeneration  of  the  lost  epithelium  promptly  sets  in,  but  this  is  always 
retarded  by  the  movements  of  the  tongue  and  lips,  and  by  the  presence 
of  adventitious  organisms  in  the  mouth. 

In  other  situations  the  histology  of  the  lesions  is  essentially  the  same 
as  that  of  the  buccal  eruption.  In  the  feet  also  the  access  of  other 
microbes  tends  to  aggi’avate  the  inflammation,  which  may  extend  to 
the  whole  vascular  corium  and  lead  to.  complete  detachment  of  the 
hoof. 

Tlie  first  symptoms  generally  appear  from  one  to  eight  days  after 
infection.  In  cattle  these  are  slight  dulness,  shivering,  loss  of  appetite, 
“ staring  of  the  coat,”  and  stiflPness  in  movement.  If  taken  at  the  time 
the  temi)erature  will  be  found  to  be  already  two  or  three  degrees  above 
the  normal.  Within  a few  hours  these  premonitory  symptoms  of  ill- 
ness are  followed  by  others  which  are  characteristic  of  the  disease.  The 
animal  ceases  to  feed,  and  is  reluctant  to  move ; from  time  to  time  it 
makes  a peculiar  smacking  noise  with  its  lips,  from  which  a more  or 
less  frothy  saliva  escapes.  If  the  mouth  be  opened,  white  blister-like 
elevations  will  now  bo  found  on  some  part  of  the  buccal  mucous  mem- 
lirane ; these  soon  burst  and  become  converted  into  shallow  erosions. 
\Vhen  made  to  move,  the  animal  is  obviously  lame  or  “ tender  on  its  feet  ” ; 
and  while  standing  it  frequently  shifts  the  weight  from  one  leg  to  the 
other,  and  shakes  its  feet  as  if  to  get  rid  of  something  adhering  to  them. 
This  tenderness  of  the  feet  is  well  marked  even  before  the  formation 
of  vesicles ; but  these  soon  appear  on  the  interdigital  skin,  or  on  the 
posterior  aspect  of  the  hoof  immediately  above  the  horn. 

When  the  buccal  vesicles  have  burst,  the  animal  suffers  increased 
pain  in  the  mouth,  rumination  ceases  entirely,  and  all  food  is  for  a 
time  refused ; in  consequence  of  reflex  irritation  there  is  a copious 
seci’etion  of  saliva,  much  of  which,  fi’om  the  pain  of  deglutition,  is  allowed 
to  trickle  from  the  mouth.  The  geneival  appearance  of  the  animal  is  now 
indicative  of  great  depression — the  eyes  are  dull,  the  ears  drooping,  the 
liack  arched,  and  the  hair  erect  and  lustreless.  The  bowels  are  generally 
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more  or  less  constipated,  and  in  milch  cows  the  secretion  of  milk  is  greatly 
diminished  or  almost  arrested. 

These  symptoms  in  moderate  cases  last  with  little  or  no  ameliora- 
tion for  nearly  a week,  during  which  time  the  animal  rapidly  loses 
condition.  At  the  end  of  that  time  the  fever  begins  to  subside,  and 
the  pangs  of  hunger  compel  it  to  attempt  mastication  if  succulent  grass 
or  other  soft  food  is  to  be  had.  The  tenderness  of  the  feet  gradually 
declines  also,  and  in  uncomplicated  cases  of  moderate  severity  all  the  visible 
manifestations  of  the  disease  have  disappeared  within  ten  or  fourteen  days 
after  the  onset.  In  young  animals,  liberally  fed,  the  former  good  condi- 
tion is  usually  rapidly  regained  after  an  attack  of  foot-and-mouth 
disease ; but  complete  recovery  is  much  slower  in  older  animals,  and 
particularly  in  milch  cows. 

The  symptoms  in  sheep  are  generally  somewhat  different  from  those 
just  described,  inasmuch  as  in  them  the  mouth -lesions  are  frequently 
slight,  while  those  of  the  feet  are  constant  and  severe.  Thus,  the 
chief  symptom  is  great  lameness,  associated  at  the  outset  with  sus- 
pension of  rumination,  refusal  of  food,  and  febrile  disturbance.  The 
pain  in  the  feet  is  so  great  that  the  animal  is  unable  to  gather  its  food, 
and  lies  persistently,  with  consequent  rapid  loss  of  condition.  The 
lesions  in  the  feet  are  much  aggravated  if  the  sheep  be  driven  long 
distances  on  hard  roads,  and  in  such  circumstances  “ casting  of  the  hoof  ” 
frequently  results. 

In  pigs,  as  in  sheep,  the  feet  symptoms  predominate.  The  animals 
lie  persistently  in  their  litter,  and  when  forced  to  move  they  frequently 
squeal  from  the  pain  in  their  feet. 

Transmissibility  to  Man. — That  the  human  subject  may  contract 
foot-and-mouth  disease  is  proved  by^  many  well-attested  cases,  of  which  a 
few  may  here  be  cited. 

As  early  as  1834  three  German  veterinary  surgeons  made  themselves 
the  subjects  of  an  experiment  in  which  each  of  them  drank  daily 
about  a quart  of  milk  from  cows  affected  with  foot-and-mouth  disease. 
On  the  second  day  of  the  experiment  premonitory  symptoms,  in 
the  shape  of  fever,  headache,  and  itching  of  the  hands  and  fingers 
were  manifested  in  one  of  them.  Five  days  later  a vesicular  eruption 
formed  on  the  mucous  membrane  of  the  tongue,  cheeks,  and  lips,  and  on 
the  skin  of  the  hands  and  fingers.  The  other  two  experimenters  were 
similarly  attacked,  save  that  the  eruption  was  confined  to  the  mouth. 

In  this  country  numerous  cases  of  the  transmission  of  the  disease 
were  noted  by  veterinary  surgeons  during  the  first  few  years  after  its 
introduction.  In  most  of  these  cases  infection  took  place  by  means  of 
milk  from  affected  cows,  but  instances  of  infection  by  inoculation  were 
also  observed.  One  of  the  most  interesting  of  these  is  recorded  in  the 
Veterinarifin  for  1831  fp.  1-52).  The  patient  was  a farmer  who  had 
injured  one  of  his  fingers  in  drenching  a cow  suffering  from  foot-and- 
month  disease.  The  wound  took  on  an  unhealthy  action,  and  after  some 
days  he  was  tjiken  ill  with  a cold  shivering-fit.  This  occurred  in  the 
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evening,  and  by  the  following  morning  the  cold  fit  had  been  succeeded 
by  fever.  Twenty-four  hours  later  an  ofiensive  discharge  from  the  nose 
set  in,  and  vesicles  formed  on  the  gums  and  tongue.  In  the  same 
journal  for  1842  (p.  93),  a correspondent  states  that  he  and 
all  his  family  and  domestics  were  attacked  on  the  lips  and  in  the 
mouth  in  consequence  of  using  the  milk  of  his  diseased  cows.  Pro- 
fessor Clifford  Allbutt  informs  me  that  during  the  epidemic  of  1883 
he  was  called  to  a country  house  in  Yorkshire  to  see  three  sick  children, 
in  whom  he  was  able  at  once  to  diagnose  foot-and-mouth  disease.  The 
disease,  so  far  as  he  remembers,  was  in  the  mouths  of  the  patients  only, 
but  he  did  not  see  the  patients  again.  The  presence  of  this  disease  in 
the  district  was  ascertained,  and  the  milk  consumed  by  the  children  came 
from  neighbouring  farms,  where  ample  sources  of  infection  existed.  He 
heard  that  the  children  made  a good  recovery.  After  the  diagnosis  of 
these  cases  some  others  Avere  reported  to  him  by  medical  men  in  the  same 
district.  All  seemed  to  be  of  a comparatively  mild  character. 

During  the  German  epizootic  of  1892  numerous  instances  of 
transmission  of  the  disease  to  human  beings  by  means  of  milk  were 
reported.  In  a considerable  number  of  cases  milkmaids  contracted  the 
disease  through  inoculation  of  the  hands  in  the  act  of  milking ; and  in 
one  such  instance  vesicles  formed  on  the  breasts  as  well  as  on  the  hands. 
Many  persons  who  had  to  handle  or  attend  to  diseased  csittle  contracted 
the  affection  by  bringing  their  dirty  fingers  into  contact  Avith  the  lips.  A 
shepherd  was  infected  by  holding  in  his  mouth  the  knife  Avhich  he  had 
used  to  pare  the  feet  of  diseased  sheep.  A veterinary  surgeon  Avho  con- 
tracted the  disease  had  from  30  to  40  vesicles  on  his  hands ; and  a 
Avorkman  Avho  had  to  dress  the  feet  of  diseased  coavs  had,  besides  an 
extensive  eruption  on  both  hands,  a severe  inflammation  of  the  con- 
junctivas. A child  of  a year  old,  Avhich  had  consumed  milk  from  diseased 
COAVS,  sickened  Avith  fever  and  gastric  disturbance,  followed  by  the  foi-ma- 
tion  of  vesicles  on  the  lips  and  tongue  and  betAveen  the  fingers  and  toes. 

The  folloAving  two  cases  sheAv  that  the  virus  may  retain  its  activity 
in  butter  : — 

On  the  18th  of  November  1890  a veterinary  student  in  Berlin  had  sent 
to  him  by  his  brother-in-laAV  a packet  of  fresh  butter  made  from  the  milk 
of  COAVS  suffering  from  foot-and-mouth  disease.  On  the  folloAving  day 
he  ate  some  of  the  butter  for  the  first  time.  During  the  next  night  he 
Avas  feverish,  and  on  the  morning  of  the  10th  he  found  his  loAver  lip  red, 
sAvollen,  and  completely  covered  with  vesicles  as  far  as  the  chin.  The 
vesicles  were  someAvhat  itchy.  Subsequently  vesicles  formed  on  the 
tongue  and  on  the  right  ear.  During  the  first  eight  days  the  parotid 
and  sublingTial  salivary  glands  Avere  slightly  SAVollen,  and  the  amount  of 
the  saliAmry  secretion  Avas  increased. 

In  1892  a German  clergyman  became  affected  after  consuming  butter 
made  from  the  milk  of  his  OAvn  cows,  which  Avere  suffering  at  the  time 
from  foot-and-mouth  disease.  The  disease  Avas  ushered  in  by  slight 
rigors,  diarrhma,  and  itchiness  of  the  skin  ; and  on  the  third  day  numerous 
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vesicles  formed  in  the  mouth,  aiul  on  the  face,  neck,  breast,  and  arms. 
The  eruption  healed  up  at  the  end  of  ten  days. 

It  is  not  improbable  that  some  outbreaks  of  so-called  “ stoniatiti.s 
epidemica  ” in  mankind  ma\’  turn  out  to  be  foot-and-mouth  disease ; and 
in  all  eases  of  such  a character  careful  inquiry  should  be  made  into  the 
possibility  of  the  infection. 

J.  M'Fadyean. 
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HYDEOPHOBIA 

By  Prof.  G.  Sms  Woodhead,  M.D. 

Synonyms — Rabies  (in  animals) ; Lat.  Lyssa ; Fr.  La  rage  ; 

Ger.  Hundswuth,  IFasserscheu,  Tollwutli. 

Hydrophobia,  like  glanders,  is  a disease  usually  contracted  by  man 
through  infection  from  one  of  the  lower  animals.  It  is  then  associated 
with  an  injury,  such  as  the  bite  of  a dog,  and  the  inoculation  of  the  broken 
surface  with  the  saliva  of  an  animal  aflected  Avith  declared  or  latent  rabies. 
This  is  the  so-called  rabies  of  the  streets  : wolves,  cats,  foxes,  horses,  cows, 
and  deer  may  also  contract  the  disease  : monkeys,  rabbits,  and  guinea- 
pigs  are  all  inoculable  Avith  it,  as  indeed  are  all  Avarm-blooded  animals. 

We  have  infonnation  concerning  rabies  as  early  as  the  fifth  century 
E.c.  Democritus  of  Abdera  then  described  it  as  an  inflammation  of  the 
nerves,  resembling  tetanus,  in  so  far  that  it  Avas  accompanied  by  severe 
spasmodic  contractions  of  certain  muscles.  Xenophon  and  Aristotle  both 
refer  to  this  disease,  the  latter  noting  that  it  is  transmitted  from  one 
animal  to  another  by  a bite.  Keirle  notes  that  Ovid  mentions  it,  as  do 
also  Virgil,  Horace,  and  Celsus  ; the  latter  speaking  of  it  as  “ a miserable 
kind  of  disea.se,  in  Avhich  the  sick  man  is  at  the  same  time  tormented  by 
dreafl  of  food  ami  Avater,  in  Avhich  condition  hope  is  reduced  to  a narroAv 
limit.”  Plutarch,  in  the  finst  century  a.d.,  and  Galen,  a.d.  131,  both 
mention  if,  the  latter  de.scribing  it  as  “the  Avorst  of  all  diseases.” 
Coming  doAvn  to  the  Middle  Ages,  the  various  authorities  added  little  to 
our  knoAvledge  of  rabies  or  hydrophobia  ; but  in  1709  Boerhaave,  and  in 
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1771  van  Swieten,  commenced  a new  era  of  observation.  The  latter 
author,  in  his  Commentaria,  draws  attention  to  the  pain  that  occurs  near  the 
bite  as  a premonitory  symptom,  describing  it  in  certain  cases  as  like  an  aura 
radiating  along  the  nerve.  Further,  he  describes  a case  of  hydrophobia 
in  man,  and  reeords  that  death  was  not  preceded  by  convulsions  or 
struggles,  but  appeared  to  be  the  result  of  a general  paralysis.  Magendie 
and  Bouchet,  in  1813,  induced  rabies  in  dogs  by  inoculating  them  with 
the  saliva  of  a patient  suffering  from  hydrophobia ; this  was  repeated  by 
Reynault.  In  1820  Marochetti  noted  the  occurrence  of  small  nodules 
or  vesicular  pustules  on  the  under  surface  of  the  tongue,  just  at  the  open- 
ings of  the  salivary  glands ; these  appeared  from  the  third  to  the  ninth 
day  after  the  bite ; he  stated  that  if  these  little  nodules  were  opened 
and  cauterised  with  a red-hot  needle  within  twenty-four  hours  and  sundry 
gargles  were  used,  the  patient  might  recover, — thirty-eight  of  his  cases 
Inudng  been  cured  by  this  procedure ; while  if  not  so  treated,  the 
poison  contained  in  them  was  re-absorbed  and  the  patient  died.  Morgagni, 
however,  was  not  satisfied  that  these  results  had  been  obtained.  The 
notion  of  the  spontaneous  development  of  rabies  in  man  was  very  early 
scouted,  but  the  spontaneous  evolution  of  the  disease  in  the  dog  was 
accepted  up  to  a compai-atively  recent  date.  It  is  now  rejected  by  all 
who  have  had  any  experience  of  the  disease.  Virchow  had  no  doubt  on 
the  subject  in  1855,  but  it  was  then  known  that  the  saliva  or  the  nervous 
tissues  of  a rabid  animal  injected  hypodermically  was  capable  of  pro- 
pagating rabies  from  man  to  the  lower  animals  and  from  one  animal  to 
another. 

It  has  been  stated  that  no  land  or  country  is  free  from  hydrophobia ; 
but  it  is  interesting  to  note  that  in  the  United  Kingdom  between  the 
years  1899-1904  there  have  been  only  two  cases  of  hydrophobia  in  the 
human  subject.  Both  of  these  occurred  in  the  year  1902,  one  in  London,  the 
other  in  Carmarthenshire.  This  immunity  is,  in  all  probability,  the  i-esult  of 
the  careful  application  of  the  muzzling  order  and  of  the  rigid  licensing  laws 
concerning  dogs.  Between  the  years  1889  and  1898  there  were  104  deaths 
from  hydrophobia,  30  of  these  in  1889  and  20  in  1895.  In  1896  the 
number’s  had  fallen  to  8,  in  1897  to  6,  in  1898  to  2,  and  of  the  follorving 
six  years,  as  we  have  noted,  five  were  entirely  free  from  death  from  this 
disease, — a most  satisfactory  state  of  affairs.  In  other  counti’ies,  however’, 
the  campaign  against  the  disease  has  not  been  nearly  so  srrccessfnl ; and 
on  the  Continent  and  in  America  much  work  is  still  being  done  on 
hydrophobia,  especially  in  relation  to  its  diagnosis  and  treatment  in 
animals.  It  is  for  this  reason  that  we  have  to  refer  to  the  workers  in 
these  countries  for  most  of  the  recent  observations  on  rabies. 

A much  larger  proportion  of  men  and  children  are  affected  vith  hydro- 
phobia than  of  women  ; this  is  undoubted^  because  the  latter,  both  from 
their  mode  of  life  and  from  the  nature  of  their  clothing,  are,much  less 
exposed  to  the  bites  of  rabid  dogs. 

In  Great  Britain  and  Ireland  the  disease  is  confined  among  animals 
almost  entirely  to  the  carnivora ; and  though  it  was  somewhat  rife  in 
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Ireland,  England,  and  Scotland,  it  is  now  found  in  certain  districts  only. 
In  1893,  94  cases  occurred  in  eighteen  counties  of  England  and 
Scotland  ; whilst  in  1894  no  fewer  than  248  cases  of  rabies  in  dogs  were 
reported;  and  in  1895  there  Avere  G72  cases.  In  addition,  55  other 
animals,  including  5 cats,  Avere  attacked  Avith  rabies.  In  1893,  46  of  these 
cases  came  from  Scotland;  in  1894,  29  ; and  in  1895,  4 only. 

In  1895  most  of  the  ciises  occurred  in  Yorkshire,  especially  the  West 
hiding  with  its  308  rabid  dogs  and  30  other  animals,  including  5 cats, 
and  in  Lancashire  (130);  then  folloAV  after  a long  interval  Edinburgh  (45 
cases),  Cheshire  (3 1 cases) ; and  then  come  London,  the  “ Home  ” counties, 
Ayi-shire,  Lanarkshire,  Dumbartonshire,  Hants,  Essex,  CoriiAvall,  Stafford, 
Durham,  Northumberland,  Cumberland,  Derbyshire,  Northampton,  War- 
Avickshire,  Lincolnshire,  Notts,  Salop,  and  Hereford. 

In  the  metropolitan  district  there  Avere  in  1889  no  fewer  than  176 
cases;  in  1890  the  number  of  cases  had  fallen  to  44,  in  1891  to  28,  and 
in  1892  to  3;  this  fall  corresponded  to,  and  AA'as  continuous  Avith,  the 
enforcing  of  the  muzzUng  order.  As  soon  as  the  order  was  alloAA'’ed  to 
lapse,  a rise  in  the  number  of  cases  began,  and  continued  until  the  order 
AA-as  reinforced.  Since  that  date  there  has  been  a steady  fall  in  the 
niunber  of  cases  amongst  animals,  and  a corresponding  diminution  in  the 
number  of  cases  in  the  human  subject. 

Etiology. — The  poison,  Avhatever  may  be  its  nature,  is  usually  con- 
tained in  the  saliva;  and  as  early  as  the  beginning  of  the  last  century 
experimental  rabies  Avas  produced  in  the  dog  by  inoculation  Avith  the 
saliva  of  a hydrophobic  patient.  The  toxic  material  appears  to  be  excreted 
in  the  saliva  of  the  parotid  gland,  and  in  less  degree  by  the  other  salivary 
glands,  the  lacrimal  glands,  the  pancreas,  and  the  mammai  of  rabid 
animals.  The  poison  may  also  be  found  in  the  suprarenals,  and  in  the 
fluid  and  substance  of  the  cerebrosjAinal  nervous  system,  especially  the 
medulla  oblongata ; it  is  found  also  in  the  peripheral  nerves,  though  in 
much  smaller  quantities  than  in  the  central  nervous  system.  It  A\'as 
supposed  at  one  time  that  the  blood  Avas  not  infective,  but  Marie  states 
that  the  blood,  when  given  in  large  quantities,  may  set  up  infection.  The 
saliA'a  of  a dog  has  been  found  to  contain  the  toxic  material  three  days 
before  the  disease  has  manifested  itself. 

That  hydrophobia  is  due  to  some  form  of  organism  possessing  the 
power  of  multiplying  in  the  tissues  and  of  producing  a toxic  substance, 
Avhich,  as  in  the  case  of  tetanus,  appears  to  act  specially  upon  the  central 
nervous  system,  can  noAv  scarcely  be  doubted,  and  it  is  possible  that  Negri’s 
bodies  (xuh  p.  822)  constitute  the  A'irus.  As  in  other  specific  infective  dis- 
eases the  A'irus  is  transmitted  directly  from  animal  to  animal  through  the 
meflium  of  some  fluid  or  secretion.  In  rabies,  too,  there  is  a period  of 
incubation,  dining  Avhich  the  poison  appears  to  increase  in  quantity.  In 
this  res()ect  it  is  unlike  snake-bite,  after  Avhicli  the  symptoms  come  on 
with  excessive  rapidity.  The  Avhole  history  of  a case  of  hydrophobia  so 
much  resembles  a case  of  tetanus  in  all  essential  details,  that,  unlike  as  the 
two  di.seases  arc  in  certain  respects,  the  demonstration  of  a microbic  factor 
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in  the  one  naturally  suggests  the  presence  of  a similar  factor  in  the  other. 
Micrococci  of  various  sizes,  aerobic  and  anaerobic  in  their  growth,  presenting 
different  appearances  in  cultures,  and  staining  by  different  methods, 
have  been  associated  with  this  disease ; but  when  it  has  come  to  a rigid 
proof  of  the  camsal  connexion  of  a particular  organism  with  the  disease,  the 
chain  of  evidence  has  invariably  broken  down  at  some  critical  point.  In 
1897  G.  Memmo  announced  that  he  had  obtained  pure  cultures  of  a blasto- 
myces  from  the  brains  of  six  rabbits  that  had  succumbed  to  experimental 
rabies ; and  also  from  the  Imain  of  a four-year-old  child  which  had  died 
from  hydrophobia  set  up  by  the  bite  of  a mad  dog.  On  culture  media 
this  organism  is  said  to  grow  slowly  when  first  taken  from  the  animal,  but 
in  succeeding  generations  its  growth  is  much  more  luxuriant  and  definite. 
The  oi’ganism  described  appears  to  assume  an  intermediate  position 
between  a saccharomyces  and  an  oidium.  It  is  certainly  pathogenetic  in 
animals,  its  incubation-period  is  comparatively  prolonged,  and  it  gives  rise 
to  paralytic  symptoms  ; but  whether  it  be  the  immediate  cause  of  rabies  is 
still  doubtful.  Bruschettini,  using  new  culture  media — agar  or  bouillon 
containing  lecithin,  cerebrin,  and  other  substances  normally  present  in  the 
nervous  system,  and  defibrinated  dog’s  blood — was  able,  by  inoculating 
with  small  fragments  of  the  nervous  system  of  a rabbit  that  had  died 
after  injection  with  “virus  fixe,”  to  obtain  in  from  24  to  36  hours  a 
group  of  small,  transparent,  drop-like,  confluent  colonies  very  slightly 
elevated  above  the  surface  of  the  special  medium.  Bruschettini  maintains 
that  he  has  isolated  an  organism — a short  thick  bacillus,  resembling 
Friinkel’s  diplococcus,  or  in  older  growths  like  the  diphtheria  bacillus, — 
which  by  its  biological  characters  may  be  distinguished  from  all  other 
micro-organisms ; that  it  constantly  sets  up  the  classical  form  of  experi- 
mental rabies ; that  it  is  possible  to  find  it  in  the  nervous  system  of  rabid 
animals,  and  that  he  is  justified  in  regarding  this  microbe  as  the  specific 
cause  of  rabies.  On  the  other  hand,  so  general  has  been  the  failure  to 
trace  this  hypothetical  organism  by  any  of  the  ordinary  methods  used  in 
bacteriology,  that  it  has  been  suggested  that  the  causal  organism  maj’’ 
belong  to  the  animal  kingdom,  and  resemble  the  minute  animal  parasitic 
organisms  associated  with  malarial  and  other  diseases.  Negri’s  observations 
appear  to  support  this  hypothesis.  It  would  appear,  at  any  rate,  that  the 
conditions  foi’  the  growth  of  this  organism,  whatever  its  nature,  are  best 
supplied  in  the  cerebrospinal  system  ; for  not  only  is  the  poison  found  more 
especially  in  the  nervous  structures,  but  they  seem  to  be  specially  attacked. 

Pasteur,  recognising  this,  proceeded  in  his  experiments  to  prepare 
cerebrospinal  fluid,  and  an  emulsion  of  the  medulla  oblongata  or  of  the 
spinal  cord  in  saline  solution  or  broth ; with  these  emulsions  he  injected 
animals  subcutaneously,  subdurally  into  the  brain,  or  into  the  muscles  and 
nerves  of  the  limbs.  By  these  means  he  was  enabled  to  pi’oduce  rabies 
■with  certainty  in  dogs,  rabbits,  monkeys,  and  other  animals,  the  severity 
of  the  disease  being  determined  apparently  by  three  factors  : (n)  the 
quantity  of  the  rabic  virus  introduced  ; (J)  the  point  of  its  introduction ; 
(c)  the  strength  of  the  virus  as  determined  by  the  kind  of  animal  which 
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iiffords  the  cultivation  ground  for  tlio  growth  of  the  hypothetical 
org-anism.  The  quantity  of  the  virus  is  readily  measured  by  making  a 
series  of  dilutions ; for  this  ^^'ti’posc  Hogyes  used  salt  solution,  and 
Eardach  simply  distilled  water— the  former  mode  of  dilution  apparently 
being  the  one  to  be  preferred. 

It  is  a matter  of  common  observation  that  slight  wounds  made  with 
the  teeth  of  a rabid  dog  in  the  skin  of  the  limbs  and  of  the  back  are 
often  followed  by  the  disease  after  an  extremely  long  jjeriod  of  incuba- 
tion ; whilst  in  tlie  case  of  lacei’ated  wounds  of  the  tips  of  the  fingers, 
where  small  nerves  are  numerous  or  where  the  muscles  and  nerve-trunks 
are  reached,  or  of  lacerated  wounds  of  the  face  where  there  is  a similar 
abundance  of  nerves,  the  period  of  incubation  is  usually  much  shorter 
and  the  disease  more  severe.  When  material  from  the  rabic  nerve- 
centres  of  a dog  or  of  a human  being  is  injected  into  the  anterior 
chamber  of  the  e}'e,  or  under  the  dura  mater,  the  animal  so  in- 
oculated passes  through  a severe  attack  of  rabies,  and  dies  in  from 
twelve  to  fifteen  days.  The  disease  may  be  induced  with  certainty  when 
the  rabic  material  is  injected  directly  into  a mass  of  muscle ; or,  as  has 
already  been  stated,  into  a peripheral  nerve.  It  will  thus  be  seen  that 
the  two  sets  of  conditions,  natural  and  experimental,  run  in  parallel 
groups,  the  severity  of  the  disease  being  usually  determined  by  the  ease 
with  which  the  poison  can  make  its  way  to  the  central  nervous  system. 
It  has  been  assumed,  indeed,  by  Tizzoni  and  Centanni  that,  as  the 
lymph-channels  of  the  nerves  are  more  directly  in  communication  with 
the  lymph-spaces  in  the  cerebrospinal  canal  than  are  other  lymph 
channels,  any  poison  introduced  directly  into  them  is  soon  carried  into 
positions  where  the  conditions  are  favourable  for  multiplication  and 
action  on  the  nerve-centres ; and  is  thus  enabled  to  determine  a sev'^ere 
attack  of  the  disease  at  an  earlier  period  than  when  the  poison  is  intro- 
duced elsewhere,  unless  indeed  it  be  injected  directly  into  the  cerebro- 
spinal system.  Absorption  of  the  rabic  poison  may  take  place  even  from 
a healthy  mucous  surface ; and  the  conjunctiva  and  the  nasal  mucous 
membrane  have  both  been  noted  as  unabraded  surfaces  from  which  such 
absorption  has  taken  place.  It  is  stated  also  that  the  rabic  poison  may 
be  transmitted  from  the  mother  to  the  foetus ; and  several  experiments 
are  recorded  in  which  this  has  actually  been  brought  about : it  appears 
to  be  quite  possible,  moreover,  that  in  such  a case  the  absorption  of  a 
toxin  may  readily  take  place  through  the  placenta  without  any  trans- 
mission of  the  organisms  which  produce  the  poison.  Babes,  however, 
denies  its  presence  in  the  brain  of  the  foetus  in  utei’O.  It  has  been  found 
that  the  filtrate  taken  from  an  emulsion  passed  through  a porcelain  filter, 
when  injected  into  a dog,  may  produce  distinct  paralytic  phenomena.  In 
consequence  of  this  observation  rabies  has  been  defined  as  a toxoneurosis, 
but  from  the  statement  as  to  the  jxissage  of  the  minute  plastic  Negri 
bfxlies  through  a Berkefeld  filter  (vkle  p.  82.3),  such  a definition  must  be 
looked  upon  with  suspicion. 

A very  important  point  in  this  connexion  is  that,  if  the  spinal  cord 
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of  H dog  be  cut  across  before  injection  of  the  rabic  poison  is  made  into 
one  of  the  nerves  of  the  hind  foot,  it  will  be  found  that  if,  after  the 
disease  has  had  time  to  manifest  itself,  two  portions  of  the  cord  be  taken, 
one  below  and  the  other  above  the  point  of  section,  only  the  emulsion 
made  of  the  lower  portion  of  the  cord  will,  when  used  for  inoculation, 
set  up  rabic  symptoms.  The  same  holds  good  when  a similar  experiment 
is  made  by  injecting  the  poison  into  the  nerve  of  a fore  limb,  the 
upper  portion  of  the  cord  now  inducing  rabies.  It  is  interesting,  too, 
to  observe  that  when  the  disease  is  developed  slowly  as  the  result  of  a 
bite  in  a limb  on  one  side  of  the  body,  the  peripheral  nerves  on  the 
opposite  side  may  also  contain  the  rabic  virus ; and,  if  used  as  material 
with  which  to  inoculate  another  animal,  may  set  up  a more  or  less 
virulent  form  of  the  disease.  It  must,  then,  be  concluded  that  in  order 
to  determine  the  severity  of  a case  it  is  necessary  first  to  answer  these 
two  questions  : (i.)  Was  it  possible  for  the  poison,  say,  from  the  saliva 
covering  the  teeth  of  a rabid  animal,  to  make  its  way  into  the  wound  ? 
and  (ii.)  Could  this  j^oison  make  its  way  to  the  nerve?  In  many  cases 
the  rabic  virus  may  be  cleansed  from  the  teeth  by  the  clothing  whicli 
covers  the  bitten  part ; hence  it  is  that  patients  bitten  by  animals  un- 
doubtedly rabid  often  escape  the  disease,  as  the  leather,  cloth,  or  other 
clothing  matei’ial  has  cleansed  the  teeth  before  they  came  in  contact  with 
the  skin.  It  Avas  pointed  out  by  Pasteur  and  by  Sir  V.  Horsley  that 
rabbits,  Avhen  etherised  and  then  presented  to  a mad  dog  to  be  bitten  on 
the  fur,  in  a very  large  joroportion  of  cases  escape  the  disease,  although 
the  teeth  may  have  passed  well  through  the  skin  ; if,  on  the  other  hand, 
the  part  presented  to  the  rabid  dog  be  shaved  before  it  is  bitten,  a much 
larger  proportion  of  the  bitten  animals  contract  rabies.  From  what 
has  already  been  said,  it  is  also  evident  that,  Avhere  the  skin  is  thick  and 
the  nerves  few,  a small  quantity  of  virus  may  find  its  way  into  a Avound, 
but  does  not  penetrate  into  the  nerves,  and  the  patient  may  suffer  no 
evil  effects  beyond  those  due  to  the  bite  itself.  This  explains  Avhy 
only  about  16  per  cent  of  the  cases  bitten  by  rabid  animals  appear  to 
contract  hydrophobia. 

Morbid  Anatomy  and  Histology. — On  autopsy  nothing  very  charac- 
teristic of  the  disease  is  found  ; the  main  features  obserA^ed  are  darkening 
of  the  blood,  congestion  and  catarrh  of  the  fauces,  larynx,  trachea, 
lungs,  2)harynx,  oesophagus,  and  stomach ; in  the  mucous  membrane 
of  the  latter,  according  to  BristoAve,  hemorrhages  may  be  found.  In 
the  dog  the  teeth  are  often  broken,  and  the  tongue  and  buccal  mucous 
membrane  are  lacerated  and  inflamed.  The  small  A'esicular  pustules 
sometimes  seen  on  the  under  surface  of  the  tongue  are  said  to  be 
d>ie  to  the  accumulation  of  secretion  in  the  obstructed  glandular 
canals.  There  is  also  marked  congestion  and  mdema  of  the  central 
nervous  system  and  the  meninges ; there  may  be  acute  meningitis 
Avith  a distinct  effusion  of  lymph  and  even  minute  hfemorrhages,  and 
fluid  in  the  ventricles  is  not  of  uncommon  occurrence : small  extravasa- 
tions of  blood  have  been  noted  in  the  spinal  cord.  On  microscopic 
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examiiuition  it  is  stated  that  there  is  a migration  ot  leucocytes  into  the 
perivascular  lymphatic  spaces  and  into  the  connective  tissue  of  the  nerve- 
centres.  Microscopic  hsemorrhages  have  also  been  found  ; Sir  M . Gowers 
and  others  point  out,  and  I have  corroborated  this,  that  such  liajmorrhages 
are  specially  well  marked  near  the  floor  of  the  fourth  ventricle  ; but  accord- 
ing to  SirV.  Horsley  theymay  occur  at  dift'erent  points  in  the  central  nervous 
system,  so  that  the  whole  must  be  examined.  Hyperaemia,  hemorrhages, 
and  areas  of  softening  of  the  grey  matter  of  the  anterior  and  posterior 
horns  have  been  described  ; also  strands  of  degeneration  of  the  Avhite 
matter  of  the  columns  of  Goll  and  of  Burdach  in  the  cervical  region  when 
the  bite  was  on  the  hand,  in  the  lumbar  region  when  on  the  lower  limb. 
Gomlxiult  and  Schaffer  describe  great  emigration  of  leucocytes  into  the 
anterior  horn  especially  in  the  perivascular  lymphatics.  The  nerve-cells 
in  this  position  are  said  to  undergo  degenerations  of  various  types, 
pigmentary,  hyaline  and  granular,  and  vacuolation.  There  may  also  be 
degeneration  of  the  -nerve-sheath  and  eidargement  of  the  axis-cylinder 
accompanied  by  infiltration  of  leucocytes  in  the  nerves  passing  from  the 
site  of  the  bite.  Congestion  of  the  peripheral  nerves  and  of  the 
sympathetic  system  has  also  been  described ; and  both  Coats  and  Elsen- 
berg  pointed  out  that  in  some  cases,  in  addition  to  the  migration  of 
leucocytes  in  the  medulla  oblongata,  there  is  an  accumulation  of  leucocytes 
in  the  salivary  glands — especially  in  the  parotid,  in  the  mucous  glands 
of  the  larynx,  and  in  the  kidneys ; this  condition  being  associated  vuth 
the  marked  congestion  that  occurs  in  these  positions. 

Prof.  Clifford  Allbutt  in  1872  described  vascular  congestion,  haemor- 
rhages, transudation,  thickening  of  the  walls  of  the  vessels,  patches  of 
nuclear  proliferation  and  degeneration,  and  disapjjearance  of  nerve- 
strands  in  the  cerebrum,  medulla  oblongata,  pons,  and  spinal  cord ; and 
indicated  that  all  these  changes  may  be  regarded  as  pointing  “ to  the 
action  of  an  animal  poison  acting  primarily  on  the  cerebrospinal  nervous 
system.”  He  pointed  out  that  in  order  of  severity  the  pathological 
lesions  are  greatest  in  the  medulla  j then  follow  in  order  the  cord,  the 
cerebral  convolutions,  and,  lastly,  the  central  ganglia  of  the  encephalon  : 
whilst  the  order  of  symptoms  during  life,  as  he  maintains,  corresponds 
fairly  definitely  to  this  order  of  affection  : “ first,  intense  reflex  irrit- 
ability in  the  region  of  the  medulla,  with  no  tetanic  symptoms  and  no 
delirium ; secondly,  increasing  hypersesthesia  throughout  the  cord,  Avith 
semi-tetanus  ; thirdly,  delirium.” 

Sir  W.  GoAvers  noted  a granular  appearance  in  many  of  the  nerve- 
cells,  and  “ adjacent  to  or  around  many  cells  Avere  sjAaces,  in  some  cases 
apparently  empty,  in  others  containing  gi-anules.”  He  also  noted  the 
presence  of  pigment-granules  in  some  nerve-cells  and  of  corpora  amylacea. 
(This  is  a very  interesting  observation  in  view  of  Negri’s  I’ecent  Avork. 
See  p.  822.)  In  some  of  the  smaller  vessels  he  found  thrombi,  and  in 
the  f>eriA'ascular  lymphatic  sheaths  he  described  numerous  small  cells — 
migrated  leucocytes — so  densely  packed  as  to  cause  actual  compression 
of  the  ves-sels.  To  some  of  these  collections,  often  situated  “ in  the 
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respiratory  centre  of  the  medulla,”  he  gives  the  name  of  “miliary  abscess.” 
He  coneludes  that  “ there  is  certainly  nothing  in  the  histological  char- 
acters of  the  lesions  which  can  be  regarded  as  specific  of  the  disease. 
The  collection  of  cells  in  the  perivascular  sheaths  has  been  observed  in 
other  diseases  . . . but  the  distribution  of  these  lesions,  their  intensity 
in  the  lower  part  of  the  medulla  and  in  the  neighbourhood  of  certain 
nerve  - nuclei  is,  as  far  as  I am  aware,  peculiar  to  the  disease,  and 
constitutes  a distinguishing  anatomical  character.” 

Several  authors  maintain  that  the  hyaline  or  hyaloid  degenerations 
described  by  Beuedikt  are  found  in  similar  positions  in  aged  dogs  and  in 
various  other  diseased  conditions. 

LiitkemiUler  found  a moderate  leucocytosis  in  rabid  animals,  accom- 
panied by  the  presence  of  an  extraordinary  number  of  microcytes. 

Golgi  found  certain  alterations  of  the  nerve-cell — vacuolation  and 
swelling  on  the  one  hand  or  diminution  in  size  on  the  other,  swelling 
and  loss  of  sharp  outline  of  the  nucleus  and  changes  in  the  chromatin 
particles.  In  addition,  by  means  of  his  silver  method  he  brought  out 
certain  alterations  in  the  nerve-cells  and  their  dendrites — “diffuse  swell- 
ing,” atrophic  changes  with  loss  of  substance,  a process  of  progressive 
atrophy  which  proceeds  apparently  from  the  cellular  body  and  involves 
the  processes  to  the  finest  extensions  of  the  protoplasmic  branches.  The 
cells  lose  their  homogeneousness,  appear  granular,  and  present  diffuse 
swellings  producing  a varicose  condition.  The  axis-cylinders  also  shew 
beaded  swellings.  A peculiarity  of  the  process  is  that  the  abnormal 
alterations  of  the  elements  are  not  diffused  through  every  portion  of 
the  central  nervous  system,  but  are  focal,  there  being  zones  A\dth 
altered  cells  and  others  without  any  modification  of  the  nerve-elements.” 
H.  J.  Berkley  continuing  Golgi’s  observations  obtained  results  which, 
whilst  agreeing  on  certain  points,  were  in  some  respects  dift'erent.  He 
found  that  “degenerated  cells  were  universally  present  in  ever}'  portion 
of  the  cortex,”  instead  of  being  focal  only  ; further,  swelling  of  the 
dendrites  does  not  start  from  the  cell  but  “ begins  at  the  periphery  and 
extends  centralwards  or  all  the  component  members  of  the  cell  undergo 
necrosis  synchronously.”  The  swelling  of  the  axis-cylinder  fibre  is  rare. 
There  are  frequent  tumefactions  along  the  stems  of  the  dendrites,  the 
swellings  being  small,  “ the  portions  of  the  dendrites  between  the  swell- 
ings are  thin,  and  have  but  very  few  of  the  gemmules  still  adherent  to 
them,  and  of  those  remaining,  still  fewer  shew  perfect  staining.  On  the 
swellings  the  lateral  buds  have  completely  disappeared,  and  left  no  trace 
of  their  former  presence.  A very  careful  search  had  to  be  made  to 
discover  any  completely  normal  cells  among  the  diseased  ones.”  The 
bodies  of  the  cells,  says  Berkley,  are  rarely  degenerated  and  changes  in 
the  blood-vessels  and  in  the  neuroglia  are  usually  comparatively  slight. 
The  Purkinje’s  cells  with  their  processes  are  less  affected  than  are  those 
of  the  cerebellum. 

Germane  and  Capobianco  find  that  the  lesions  described  by  Golgi, 
although  not  pathognomonic  are  nevertheless  (especially  as  regards  their 
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distribution)  constant  in  the  various  forms  in  which  they  manifest 
themselves,  from  the  simple  hiemorrhago  up  to  the  destruction  of  nerve- 
cells  and  the  marked  hyperplasia  of  the  neuroglia.  Moreover,  these 
lesions  are  constant  in  character,  in  order  of  appearance,  and  in  specially 
affecting  the  motor  tracts.  In  rabid  dogs  and  rabbits  constant 
anatomical  changes  are  found,  uniformly  distributed  in  the  various 
sections  of  the  cord ; the  motor  regions,  as  above  noted,  being  specially 
affected  by  an  acute  iuHammation  of  the  nervous  tissue,  which  results  in 
degeneration  of  the  nerve-cells  and  even  in  complete  disappearance  of 
this  element ; the  neuroglia  and  the  myelin  sheath  undergo  simultaneous 
changes  which  apparently  ai’e  in  intimate  association  with  one  another. 
The  small  neuroglia -cells  become  much  larger  and  more  visible  than 
in  the  normal  state.  The  intervertebral  ganglia  shew  marked  con- 
gestion, an  accumulation  of  leucocytes,  and  vacuolar  degeneration  of  the 
cells.  In  the  nerve-cells  of  the  cortex  Nissl’s  granules  become  less 
marked,  and  atrophy  and  sclerosis  take  place. 

Rabes,  in  October  1895,  after  noticing  the  congestions  of  various 
pares  of  the  alimentary  tract,  describes  very  minutely  the  lesions  in  the 
central  nervous  system  as  falling  into  two  groups  ; (i.)  the  more  diffuse 
alterations ; general  oedema  and  hyperremia  as  a result  of  commencing 
inflammatory  changes  around  the  blood-vessels ; (ii.)  the  more  definite 
and  localised  changes ; such  as  dilatation  of  blood-vessels  and  haemor- 
rhages in  proximity  to  the  central  canal,  in  the  floor  of  the  fourth 
ventricle,  especially  immediately  under  the  ependyma,  and  in  various 
parts  of  the  mucous  and  serous  membranes.  Hyaline  swelling  of  the 
walls  of  the  blood-vessels,  and  proliferation  of  their  endothelium,  leading 
to  obliteration  of  the  lumina,  are  met  with.  The  nerve-cells  next  suffer, 
there  is  distinct  swelling,  whilst  small  hyaline  bodies,  circumscribed  by  a 
pale  zone  or  by  vacuoles,  appear  near  the  nucleus.  Leucocytes  fill  up  the 
pericellular  space,  crowding  on  the  nerA'^e-cells,  the  nuclei  of  which  ulti- 
mately disappear. 

It  Avill  be  noted  that  up  to  this  point  none  of  the  histological  in- 
vestigations have  shewn  anything  really  characteristic  of  rabies.  Every 
one  of  the  features  mentioned  mayj  as  pointed  out  by  Berkley,  be 
obsetwed  in  some  form  or  other  of  intoxication.  Yan  Gehuchten  and 
Nelis,  however,  describe  the  presence  of  certain  definite  and  characteristic 
lesions  in  the  peripheral,  cerebrospinal,  and  sympathetic  ganglia.  On  com- 
paring a section  of  a normal  Gasserian  ganglion  with  one  taken  from  a 
rabid  animal  they  found  that,  whilst  in  the  former  the  large  nerve-cells 
lay  near  to  one  another,  completely  filling  the  endothelial  spaces  in  which 
they  lay,  in  the  latter  many  of  these  nerve-cells  had  disappeared  and 
been  replaced  by  masses  of  .small  round  cells  which  seemed  to  fill  and 
distend  the  endothelial  spaces,  in  some  cases  this  “ replacement  ” going 
on  until  all  the  nerve-cells  had  been  destroyed,  and  the  alveolar  appear- 
ance to  some  extent  lost,  the  ganglion  now  appearing  to  be  made  up  of 
small  cells  with,  here  and  there,  the  remains  of  an  atrophied  nerve-cell. 
In  many  instances  there  w,'is  also  a j)cricapsular  accumulation  of  new  cells. 
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or  this  miglit  be  the  principal  feature.  This  change  although  chai  acteristic 
in  all  species  is  more  marked  in  the  dog  than  in  man,  but  less  in  the 
rabbit.  Moreover,  in  the  rabbit  and  the  dog  the  lesions  are  always  more 
marked  in  the  cerebral  than  in  the  sjjinal  ganglia,  and  most  of  all  in  the 
nuclear  ganglia  of  the  vagus  nerve.  These  appearances  are  said  to  be 
pathognomonic,  and  as  the  results  may  be  obtained  almost  at  once  (within 
a few  hours)  they  ai-e,  in  positive  cases,  even  more  useful  in  diagnosis 
than,  though  not  cpiite  so  certain  as,  inoculation  experiments. 

In  1903  Negri  described  certain  bodies  which  he  found  included  in 
the  cytoplasm  of  the  nerve-cells  or  in  their  branches,  or  rarely  lying 
outside  them.  In  sections  they  are  described  as  rounded  or  oval 
forms,  having  a homogeneous,  oxyphil  “ground  substance”  containing  a 
central  body  surrounded  by  granules.  Such  bodies  are  found  in  nearly 
100  per  cent  of  the  cases  of  rabies  in  the  dog.  These,  he  maintains,  are 
protozoa,  and  are  in  all  probability  the  specific  cause  of  rabies.  They 
are  present  in  the  ganglion-cells  of  the  brain,  spinal  cord,  and  ganglia,  and 
vary  in  size  from  0'5  to  18  or  20  p,  in  diameter,  the  size  increasing  with 
the  prolongation  of  the  disease.  The  large  forms  are  seldom  met  with  in 
specially  susceptible  animals ; the  size,  moreover,  appears  to  accord  with 
some  special  stage  of  development  of  the  organism.  These  bodies  vary 
very  considerably  in  shape  ; some  of  them  are  round,  others  more  or  less 
elongated  masses  of  protoplasm,  others  again  triangular  or  slightlj^  spindle- 
shaped  ; in  some  cases  small  buds  may  be  seen  growing  from  the  larger 
mass ; in  others  the  large  mass  may  be  constricted  in  the  middle,  or 
if  it  be  somewhat  elongated  there  may  be  two  or  three  constiictions  ; 
sometimes  several  of  these  organisms  are  seen  lying  together,  and  are 
arranged  as  if  they  had  originally  formed  parts  of  one  larger  organism. 
These  inclusions  may  be  met  with  at  certain  stages  in  almost  all  the 
nerve-cells  throughout  the  central  nervous  system,  in  pi’olonged  cases  of 
hydrophobia,  but  they  are  found  most  readily  and  in  greatest  abundance 
in  the  cells  of  the  cornu  ammonis.  They  are  also  found  in  the  Purkinje’s 
cells  of  the  cerebellum. 

These  organisms  may  be  stained  in  either  smear  preparations  or  sections. 
Frothingham  recommends  Mallory’s  methylene  blue  and  eosin  stain  for  sections ; 
Williams  and  Lowden,  who  recommend  the  same  stain  for  smears,  carry  out 
this  method  as  follows  ; — “ The  smears  are  fixed  in  Zenker’s  solution  lor 
i hour ; after  being  rinsed  in  tap- water  they  are  placed  successively  in  95  per 
cent  alcohol  jjlus  iodine  ^ hour,  95  per  cent  alcohol  ^ hour,  absolute  alcohol 
:i-  hour,  eosin  solution  20  minutes,  rinsed  in  tap-water,  methylene  blue  .solution 
1 5 minutes,  differentiated  in  95  per  cent  alcohol  for  1 to  5 minutes ; dry  with 
filter-paper.”  The  cytoplasm  of  the  bod}"^  is  a magenta  colour,  light  in  the  small 
bodies,  dark  in  the  larger  ; the  central  bodies  and  chromatoid  granules  are  very 
dark  blue,  the  nerve-cell  cytoplasm  a light  blue,  the  nucleus  a darker  blue,  and 
the  red  blood-cells  a brilliant  eosin  tint.  Giemsa’s  solution  is  also  an  excellent 
stain.  One  drop  of  the  stain  to  every  c.c.  of  distilled  water,  made  alkaline  by 
the  previous  addition  of  one  drojD  of  a 1 per  cent  solution  of  potassium  carbonate 
to  10  C.C.  of  water,  is  poured  over  the  slide  and  allowed  to  stand  for  i to  3 
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hours  (thev  are  not  overstained  even  in  24  hours),  wash  in  running  tajj-water 
tor  2 or  3 minutes  and  dry  with  filter-paper.  The  cytoplasm  6t  the  body  stains 
blue,  the  central  body  and  chromatoid  granules  a blue  red.  The  larger  bodies 
have  usually  a somewhat  darker  blue  than  the  smaller ; the  nuclei  of  the  nerve- 
cells  are  stained  red,  the  nucleoli  a dull  blue.  Other  methods  of  staining  are 
uiven  by  Frothingham  and  by  Williams  and  Lowden,  to  whose  j)ajDer  the 
reader  is  referred  for  further  details.  The  Negri  bodies  retain  the  eojsin  willi 
varying  intensity,  they  usually  shew  structure  in  the  form  of  unstained  ovals 
or  circles,  or  small  dots  or  rods,  within  the  body,  red  or  blue,  according  to  the 
method  of  staining  used. 

These  inner  bodies  vary  in  structure  and  staining  qualities,  but  are 
principally  basophil,  and  may  be  in  the  form  of  reticular  masses,  rings, 
rods,  or  points ; they  are  usually  situated  Atuthin  vacuoles.  In  fresh 
smear  prepjirations  their  homogeneous  cytoplasm  offers  no  evidence  of 
a reticulum  or  of  a granular  structure,  and  is  distinctly  basophil  in 
its  staining  reactions,  whilst  the  central  bodies  are  surrounded  by  no 
clear  sptice,  as  they  sometimes  are  in  sections.  It  is  different  in  structure 
and  also  in  staining  reaction  from  the  chromatoid  granules  which  surround 
it,  in  fact  the  structure  of  the  central  body  is  that  of  a protozoan  nucleus. 
The  chromatoid  gi-anules  are  most  frequently  arranged  in  a more  or  less 
regular  circle  round  the  nucleus.  The  shape  of  the  bodies  varies  enor- 
mously, their  substance  appearing  to  be  exceedingly  delicate  and  plastic, 
readily  adapting  itself  to  the  positions  in  which  it  finds  itself.  They  are 
easily  destroyed  by  artificial  means,  but  appear  to  grow  exceedingly 
rapidly  and  to  multiply  or  divide  at  a great  rate.  “ The  elongated  forms 
contain  from  two  to  five,  or  even  six,  nuclei,  and  are  the  residt  of  rapid 
nuclear  division  without  corresponding  cell-division”;  “ under  the  most 
favoiu^ble  conditions — fixed  virus- — groAvth  and  division  occim  most 
rapidly  and  simply,  the  tiny  forms  dividing  and  redividing  apparently 
indefinitely.” 

Williams  and  Lowden  have  demonstrated  the  presence  of  these 
organisms  at  a much  earlier  stage  than  that  at  which  they  have  pre- 
nously  been  foimd,  and  they  maintain  “ that  the  bodies  may  be  found 
soon  enough  and  in  practically  large  enough  numbers  to  account  for  the 
beginning  infectivity  of  the  nerve-tissues,  and  that  with  only  a little  more 
carefid  experimenting  this  may  be  brought  out  clearly.”  They  believe, 
too,  that  although  organisms  cannot  be  demonstrated  in  the  blood  or  in 
the  saliva,  this  is  only  because  of  the  small  mnnbers  present  and  not 
because  they  are  absent.  They  maintain  that  these  Negri  bodies  are 
specific  to  hydrophobia  or  rabies,  that  they  are  found  in  large  numbers  in 
fixed  virus,  that  they  are  present  in  sufficient  numbers  before  the  beginning 
of  definite  symptoms  to  account  for  the  appearance  of  infectivity  in  the 
host  ti.ssues,  that  very  minute  forms  barely  visible  under  a 1500  dia- 
meter magnification  have  Iteen  made  out,  and  that  as  these  are  of  great 
plasticity  they  may  readily  pass  through  the  comparatively  large  pores  of 
lierkefeld  filters ; they  look  upon  them  as  living  organisms  and  probably 
as  belonging  to  the  protozoa.  In  no  other  disease  have  bodies  similar  in 
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apiiearance  to  the  Negri  bodies  been  found,  and  when  they  are  found  in 
sections  or  in  smear  preparations  the  diagnosis  of  hydrophobia  may  be 
made  with  certainty.  All  American  observers  seem  to  agree  then  that 
when  these  bodies  are  fomid,  and  when  van  Gehuchten’s  changes  are 
noted  in  the  ganglia,  it  is  unnecessary  to  apply  the  biological  test,  but 
that  when  there  is  any  doubt  in  the  matter  the  biological  tests  may  give 
additional  information. 

Incubation. — The  first  symptoms  of  rabies  may  follow  inoculation 
after  intervals  of  from  three  to  six  weeks,  but  this  incubation-period 
may  extend  over  twelve  or  even  eighteen  months ; fourteen  days  on 
the  one  hand,  and  two  or  even  five  years  on  the  other,  have  been 
given  as  the  extreme  limits  of  the  incubation-period.  It  may  be  accepted 
that  as  a general  rule  the  incubation-period  lasts  from  twent}'^  to  sixty 
days,  and  that  of  the  very  prolonged  periods  recorded  some,  at  any  rate,  rest 
on  comparatively  untrustworthy  information,  though  one  case  treated  with 
vaccin  passed  through  an  incubation -period  of  twenty -seven  months. 
The  period  seems  to  vary  according  to  the  susceptibility  of  the  patient, 
the  virulence  of  the  disease  in  the  animal  inflicting  the  wound,  the 
amount  of  virus  introduced,  and  the  number  and  position  of  the  bites. 
Meanwhile  there  may  be  no  symptoms  of  any  kind,  and  the  Avound  heals 
well  with  little  local  or  general  disturbance.  At  the  end  of  the  period 
of  incubation  the  wound  becomes  uncomfoi'table  ; there  is  itching,  tingling, 
and  a sensation  of  local  heat  which  may  be  almost  unbearable ; this  is 
usually  accompanied  by  a sharp,  stinging  pain  which  may  be  localised  in 
the  wound,  or  may  follow  the  course  of  the  nerves  ; sometimes  the  wound 
becomes  livid  or  opens  up  afresh  and  assumes  an  unhealthy  purulent 
appearance,  but  apparently  not  more  frequently  than  do  non-rabic  wounds. 
The  small  vesicles  which  sometimes  occur  around  the  wound,  or  on  each 
side  of  the  tongue  on  its  under  surface  (Marochetti)  are  the  only  external 
anatomical  lesions  Avhich  have  been  described,  and  they  occur  compara- 
tively rarely. 

Symptoms. — During  the  early  stages,  as  the  disease  declares  itself 
(prodromal  stage,  which  lasts  for  from  two  to  five  or  six  days),  the 
patient  is  feverish  and  very  thirsty ; he  becomes  exceedingly  depressed, 
anxious,  irritable,  <and  has  a peculiar  hunted  look  in  his  eyes  \ the  muscles 
of  the  face  are  drawn  and  restless,  and  there  is  marked  pallor.  Mr. 
j\Iakins,  taking  Bristowe’s  account  as  his  basis,  well  describes  this 
stage,  and  is  corroborated  in  almost  every  detail  by  A.  Marie.  The 
patient  may  talk  freel}'',  the  sentences  being  sometimes  interrupted 
by  sighing  inspiration ; he  usually  shews  great  unwillingness  to  speak 
about  the  possible  cause  of  his  illness : sleep  is  often  broken,  the 
patient  starting  as  if  suffering  from  bad  dreams ; the  mouth  is  diy,  Avith 
thirst,  and  disinclination  to  saa'^uHoav  : loss  of  appetite,  nausea,  and  epi- 
gastric uneasiness  and  a general  hyperaesthesia  then  come  on  ; the  pulse 
quickens,  sometimes  becoming  very  rapid,  and  the  respirations  are  pro- 
portionately hurried  and  shalloAV,  Avith  noAv  and  again  a deep  breath  as 
though  the  patient  had  just  been  plunged  into  ice-cold  Avater.  On  the 
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second  or  third  day,  or  even  a little  later,  the  symptoms  become  more 
pronounced  and  characteristic,  the  patient  becomes  much  more  excited  ; 
lie  wanders  about,  is  restless  aud  agitated,  speaks  disconnectedly,  and 
mav  become  slightly  and  intermittently  delirious  j he  seldom  fixes  his 
eyes  on  anything,  and  is  constantly  giving  suspicious  side-glances,  as 
though  on  the  outlook  for  some  hidden  danger ; the  pallor  becomes  more 
marked  ; the  eyes  are  bright,  and  the  conjunctiva,  like  the  mucous  mem- 
brane of  the  mouth  aud  fauces,  is  markedly  congested.  On  the  congested 
raucous  surfaces  there  is  usually  an  accumulation  of  thick,  tenacious 
mucus,  and  in  his  etlbrts  to  expel  it  the  patient  emits  a harsh  coughing 
sound,  which  is  likened,  not  very  aptly  but  very  naturally,  to  the  barking 
of  a dog.  Though  thirst  is  often  a prominent  symptom  there  is  usually 
great  difficulty  in  swallowing,  especiallj'  fluids.  At  first  the  patient  is 
anxious  to  drink,  and  he  makes  the  most  determined  efforts  to  do  so  ; but 
the  moment  the  fluid  comes  in  contact  with  the  fauces  it  is  exjDelled  with 
considerable  violence,  and  severe  spasmodic  contractions  of  the  muscles 
of  deglutition  and  of  ordinary  and  extraordinary  respiration  come  on  : 
this  condition  is  often  followed  by  a tetanic  state,  with  marked  opis- 
thotonos and  temporary  cessation  of  respiration.  The  “tendon  reflex” 
and  skin  reflexes  may  be  markedly  increased.  These  symj)toms  may 
abate,  only  to  recur  when  another  attempt  is  made  to  drink ; or  even  on 
the  stimulation  of  a sharp  sound,  a touch,  a bright  light,  a strong  odour, 
a breath  of  air,  or  the  mere  sound  of  water : ultimately  indeed,  after 
making  one  or  two  attempts  to  swallow  fluid,  the  very  sight  of  water 
causes  such  terror  to  the  patient  that  he  is  anxious  to  avoid  it.  In  some 
cases  “sudden  severe  throat-spasms  have  been  the  first  symptoms”;  and 
attacks  of  vomiting  often  come  on  at  this  stage,  greenish-brown  liquid 
being  thrown  up.  The  symptoms  so  noticeable  in  the  dog — the  desire 
to  be  alone,  the  suspicion  of  every  movement,  the  surliness,  alternating 
with  periods  of  extreme  excitement — are  noticeable  also  in  the  human 
subject.  The  delirium  as  a rule  is  intermittent ; the  patient  rambles, 
but  can  be  brought  back  to  consciousness  and  quietness  by  his  attendants, 
though  in  some  c<ises  he  may  have  maniacal  attacks,  during  which  he 
may  attempt  to  murder  those  of  whom  he  entertains  suspicions.  Daring 
the  early  stages  of  the  disease  increased  sexual  desire  is  often  a marked 
symptom,  and  in  the  later  stages  it  becomes  still  more  troublesome.  The 
urine  may  contsiin  sugar,  albumin,  or  even  blood.  The  repeated  attacks, 
however,  rapidly  exhaust  the  patient  and  if  the  disease  be  somewhat 
prolonged  there  may  be  great  wasting.  “The  pulse  becomes  quick, 
irregidar,  and  .small  in  volume,  and  re.spiration  quick  and  shallow,  a deep 
inspiration  often  inducing  a convulsive  attack,  tenacious  mucus  accumu- 
lates in  the  mouth  and  fauces,  articulation  is  thick ; later  the  con^ullsive 
attacks  increase  in  frequency,  and  death  from  asphyxia  may  occur  during 
one  of  them.  In  other  cases  the  j)rogress  is  slower,  the  eyes  “sink,” 
the  brow  sweiits,  the  lips  become  blue,  and  the  patient  dies  of  slow 
asphyxia,  or  occasionally  an  almost  complete  remission  of  convulsive 
attacks  may  precede  death  from  exhaustion,  the  mind  in  other  cases 
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reniiiiiiing  clear  to  the  end  ” (Makins).  Sometimes  a condition  which 
corresponds  to  the  duml)  or  paralytic  rallies  of  animals  supervenes,  or 
may  be  present  from  the  outset.  Following  the  maniacal  or  furious  form, 
the  symptoms  become  less  marked,  groups  of  muscles  become  paralysed, 
and  the  movements  ataxic  and  aimless,  there  may  be  facial  paralysis, 
hemiplegia,  or  even  paraplegia  before  the  final  issue ; the  pulse  becomes 
“ thready,”  the  pupils  dilate,  and  the  patient  succumbs  in  a convulsive 
attack.  These  paralytic  symptoms  may  in  certain  cases  characterise  the 
attack  from  the  onset  of  the  disease  3 there  is  no  stage  of  excitement, 
and  the  patient  with  all  the  other  symptoms  of  hydrophobia,  extreme 
depression  of  spirits,  shooting  pains  at  the  site  of  the  wound,  has  ataxia, 
local  or  general,  difficulty  of  swallowing,  and  impaired  respiration.  There 
ai’e  other  cases,  again,  in  which  the  only  symptoms  are  those  of  Landry’s 
paralysis — an  acute  ascending  paralysis  beginning  in  the  lower  limbs,  and 
gradually  spreading  upwards  until  the  muscles  of  the  neck  and  face  are 
involved.  This  condition  appears  to  be  due  to  a latei'  extension  of  the 
disease  to  the  cord,  except  in  those  cases  in  which  the  poison  from  the 
rabid  animal  makes  its  way  directly  into  the  veins.  It  is  ju’obably  for 
this  reason  that  the  dumb  or  paralytic  form  of  the  disease  is  so  frequently 
met  with  in  animals  in  which  rabies  has  been  produced  experimentally. 
The  course  of  the  disease,  from  the  time  of  onset,  varies  considerably  in 
different  cases,  but  in  one  series  of  378  cases  (French)  more  than  33  per 
cent  died  on  the  fourth  day,  23  per  cent  on  the  second,  18  on  the  third, 
nearly  9 per  cent  on  the  sixth,  and  over  5 per  cent  on  the  fifth  days. 
Only  one  case  out  of  the  whole  series  living  on  to  the  fifteenth  day. 

Diagnosis. — The  only  diseases  with  which  rabies  is  usually  con- 
founded are  hysteria,  insanity,  tetanus,  and  Landry’s  paralysis.  The  first 
of  these  can  be  discarded  only  after  a careful  study  of  the  symptoms,  and 
after  eliminating  the  possibilities  of  infection  by  the  bite  of  a rabid  dog ; 
where  patients  have  been  bitten  by  dogs  that  were  not  rabid,  and  have 
never  manifested  any  signs  of  hydrophobia,  the  diagnosis  can  of  course 
be  settled  at  once  ; but  in  some  cases  in  which  hysteria  is  associated  with 
mania,  or  in  which  there  is  great  mental  disturbance,  the  diagnosis  is  often 
a matter  of  some  difficulty,  a difficulty,  however,  which  as  a rule  does  not 
extend  beyond  the  fourth  day  of  the  disease  ; under  these  conditions  the 
patient  may  (especially  if  fear  of  the  result  of  a bite  even  from  a non- 
rabid  animal  be  tho  cause  of  the  hysteria)  bark  and  lute  or  snap  almost 
continuously  ; but,  as  has  frequently  been  pointed  out,  these  patients  do 
not  suffer  from  the  characteristic  respiratory  spasm,  which,  accompanied 
by  a peculiar  catching  of  the  breath,  is  said  to  be  pathognomonic  of 
rabies.  Tetanus,  which  sometimes  follows  the  bite  of  a dog,  may  be 
distinguished  by  the  shorter  incubation-period,  the  tonicity  of  the  spasms, 
and  the  contraction  of  the  levatores  anguli  oris  Avhich  gives  the  grinning 
expression  peculiar  to  tetanus,  so  different  from  the  haggard,  hunted 
look,  characteristic  of  rabies ; the  marked  rise  of  temperature  that  occurs 
in  tetanus  is  also  said  to  distinguish  it  sharply  from  hydrophobia,  in 
Avhich  the  temperature  is  never  much  raised,  and  may  be  normal  or  even 
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subnonnjil.  Sir  \\  . Gowers,  howovor,  iiiiiintiuiis  thiit  tliis  is  not  uccuiate, 
iiiul  says:  “At  the  outset  the  elevation  is  trifling  (occasionally,  indeed, 
absent),  and  throughout  the  disease  it  may  remain  moderate,  100°  to 
101°  F.  More  frequently,  as  the  symptoms  increase,  so  does  the  pyrexia, 
and  it  mounts  to  103“,  104",  or  105“  F.,  and  may  even  reach  a still  greater 
height  just  before  death,  and  may  continue  to  rise  for  a short  time  after 
dearth.  A rectal  temperature  of  108-8°  has  been  observed  twenty 
minutes  after  dejvth  (Handford).”  Diagnosis  between  hydrophobia  and 
Landry’s  paralysis  may  be  possible  only  after  a careful  study  of  the 
history  of  the  attack  has  been  made. 

Certain  other  conditions  simulate  hydrophobia,  and  hydrophobia  in 
turn  has  sometimes  been  mistaken  for  them.  It  may  be  accepted,  how- 
ever, that  in  aii}'^  case  where  the  peculiar  mental  depression  is  followed 
by  a stage  of  excitement  accompanied  by  repeatedly  recurring  pharyngeal 
and  respiratory  spasms,  jnditced  in  consequence  of  marked  hyperesthesia 
to  light,  sound,  or  shock,  the  disease  can  be  nothing  but  hydrophobia. 

Some  of  the  above  symptoms  may  be  met  Avith  during  the  course  of 
an  attack  of  acute  mania,  of  delirium  tremens,  of  stramonium  or  bella- 
donna poisoning,  and  of  pressure  at  the  base  of  the  brain,  but  in  none 
are  they  all  present,  and  this,  with  the  history  and  duration  of  the  case, 
usually  settles  the  matter.  Marie  points  out  that  Avhere  the  phrenic 
nerve  is  involved,  as  in  pericarditis  or  in  diaphragmatic  pleurisy  there 
may  be  painful  and  difficult  deglutition  and  even  respiratory  spasm, 
but  in  such  cases  the  other  characteristic  symptoms  of  hydrophobia  are 
absent. 

The  method  of  diagnosis,  used  by  Pasteur,  of  injecting  small  por- 
tions of  the  cord  of  the  animal  supposed  to  be  rabid  into  the  subdural 
space  of  a nibbit,  although  sometimes  too  late  to  guide  us  to  use  any 
special  antirabic  treatment,  has  invariably  been  resorted  to,  often  merely 
for  the  sake  of  reassuring  the  patient — especially  if  he  be  nerA'ous, 
irritable,  or  hysterical.  The  great  and  protracted  mental  strain  after  a 
dog-bite  is  often  very  greatly  relieved  Avhen  the  result  of  the  inocula- 
tion is  negative ; if,  on  the  other  hand,  positive  results  are  obtained, 
the  patient  is  no  Avorse  off  than  beforej  unless  it  is  thought  necessary  to 
make  him  acquainted  Avith  the  diagnosis.  An  inoculation  is  therefore 
made  in  every  case  of  suspected  rabies,  if  the  dog  can  be  identified  and 
secured. 

Rabies  in  the  dog  is  in  many  cases  very  similar  in  its  clinical  history 
to  the  furious  form  of  hydrophobia  in  man,  except  that  it  does  not  take 
the  form  of  hydrophobia.  The  incubation-period  seldom  lasts  beyond 
.sixty  days.  ToAvards  the  end  of  this  incubation-period  there  is  often  a 
distinct  rise  of  temperature,  usually  lasting  for  tAvo  or  three  days ; the 
animal  loses  its  desire  for  human  company,  becomes  morose  and  sullen, 
and  hides  under  sof;is  and  chairs,  or  in  quiet  corners.  It  then  becomes 
more  irritable  ; if  at  rest  it  snaps  at  anything  that  is  presented  to  it ; 
when  left  undisturbed  it  goes  about  snapping  as  if  trying  to  catch  flies  : 
there  is  congestion  of  the  mouth,  tongue,  and  fauces,  and  marked  saliA-ation ; 
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the  mucus  is  sticky  and  readily  becomes  frothy;  the  conjunctiv£e  are 
red  ; the  animal  will  often  run  straight  ahead,  turning  neither  to  the 
right  nor  to  the  left,  but  snapping  at  everything  that  comes  in  its  way ; 
perverted  in  appetite,  it  may  swallow  any  kind  of  rubbish,  so  that  after 
death  small  stones,  hay  and  straAv,  hair,  shavings,  bits  of  wood,  and 
the  like  may  be  found  in  its  stomach  which  in  some  cases  is  much  dis- 
tended : the  animals  do  not  avoid  water,  and  in  association  with  this 
it  has  been  noted  that  there  is  little  or  no  cutaneous  hyperiesthesia. 
The  bark  usually  becomes  changed  into  a series  of  characteristic  howls, 
which,  beginning  with  a short  low  note,  ends  with  a long  higher  note ; 
it  has  also  a peculiar  metallic  ring  (Gowers).  The  appetite  then  begins 
to  suffer,  food  is  imperfectly  masticated  and  finally  cannot  be  swallowed, 
but  the  animal  never  suffers  from  hydrophobia.  Emaciation  sets  in,  and 
in  the  later  stages  of  the  disease  the  muscles  of  the  hind  limbs  and  the 
lower  jaw,  the  latter  of  which  drops,  may  be  paralysed ; the  muscles  of 
other  parts  may  also  be  affected. 

The  paralytic  form  appears  in  from  15  to  20  per  cent  of  the 
cases  of  rabies  ; in  Turkey  almost  every  case  assumes  this  form.  The 
animal  so  attacked  suffers  from  most  of  the  symptoms  met  with  in  the 
furious  form,  but  he  is  quiet,  cannot  be  provoked  to  bite,  is  apparently'^ 
hyposensitive,  though  sometimes  there  is  evidence  of  irritation  at  the 
site  of  the  bite,  the  appetite  remains  good,  but  the  jaws  finally  become 
paralysed,  especially  in  dumb  rabies,  and  death  takes  place  in  two  or 
three  days. 

Prognosis. — The  percentage  of  deaths  of  patients  bitten  by  rabid 
dogs  M'as  given  variously  at  from  5 to  50  per  cent  before  the  introduc- 
tion of  Pasteur’s  treatment.^  The  most  trustworthy  figures,  however, 
give  the  mortality  at  16  per  cent  of  those  bitten  by  rabid  animals. 
This  percentage  included  practically  all  those  in  whom  the  symptoms  of 
true  hydrophobia  appeared  ; that  is,  those  cases  were  left  out  of  account 
in  which  merely  subjective  pain  and  other  phenomena  were  ascribed  to 
the  wound  caused  by  the  bite,  and  after  which  nothing  more  than 
hysterical  symptoms  supervened.  The  patient  almost  invariably  suc- 
cumbs within  four  days,  sometimes  after  as  short  a period  as  twelve 
hours  after  the  onset  of  hydrophobic  symptoms. 

Treatment. — The  old  treatment  consisted  simply  in  encouraging 
bleeding  from  the  wound ; or  first  excising  the  wound  or  scar  and  then 
encouraging  the  bleeding  by  means  of  a ligature,  or  by  Avarm  bathing  or 
cupping-glasses ; the  raw  surface  Avas  then  freely  cauterised  A\dth  caustic 
potash,  nitric  acid,  nitrate  of  mercury,  lunar  caustic,  or  the  actual 
cautery.  In  some  cases  it  Avas  CA'en  recommended  that  the  Avound 
should  be  carefully  sucked  by  a person  Avho,  of  course,  should  have 
no  Avound  or  abrasion  of  the  lips  or  mouth,  care  being  taken  to  Avash 

* Bollinger  state.s  that  from  a .“ieries  of  collected  statistics,  it  may  he  gathered  that  of 
all  patients  bitten  by  dog.s  undoubtedly  rabid,  47  per  cent  suffer  and  die  from  hydrophobia. 
AVheu  the  Avounds  have  not  been  cauterised,  83  per  cent  of  the  cases  succumb  ; when  they 
have  been  cauteriseil,  in  some  oases  not  very  promptly,  33  per  cent  die. 
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the  mouth  out  most  carefully  between  each  application  of  the  lips  to 
the  wound.  It  is  doubtful  whether  the  disease  ever  manifests  itself 
after  such  treatment,  when  followed  immediately  by  the  application  of  a 
powerful  caustic,  and  especially  if  the  wound  be  small.  here  no  actual 
wound  has  been  made  by  the  teeth,  the  part  should  be  carefully  tvashed 
with  some  antiseptic  lotion.  The  sufl'erings  of  the  patients  may  be 
relieved  by  subcutaneous  injections  of  morphine,  inhalatioii  of  chlorofoi'm, 
or  suppositories  of  morphine.  Bromide  of  potassium,  chloral,  and  Calabar 
bean  are  also  recommended ; three  cases  of  cure  are  reported  as  due  to 
curara,  a drug  which  is  tolerated  in  large  doses  in  this  condition.  Sir 
■\V.  Gowei-s  recommends  doses  of  -jV  to  i grain,  to  be  given  every  quarter 
or  half  hour  until  muscidar  paralysis  conies  on ; this  is  repeated  as  the 
eftect  weal's  off.  The  same  author  mentions  that  Polli  gave  three  grains 
of  curara  in  five  and  a half  hours  to  a child  of  twelve  years  of  age.  The 
patient  should  be  placed  in  a quiet,  warm,  dimly-lighted  room,  and 
carefuUy  watched,  the  greatest  cai'e  being  taken  to  prevent  inoculation  of 
wounds  Math  his  sidiva ; and  should  the  nurse  be  bitten  by  the  patient, 
as  sometimes  happens,  especially  during  the  hysterical  and  maniacal 
stages  of  the  disease,  the  bite  should  be  treated  as  that  of  a mad  dog. 
At  one  time  Turkish,  Eussian,  and  steam  baths  (Buisson),  and  wet 
jiacks  were  also  extensively  used,  but  with  little  or  no  beneficial  result. 
Tracheotomy  has  also  been  recommended  when  the  laryngeal  muscles  are 
greatly  affected ; but  as  the  respiratory  muscles  soon  become  paralj'sed, 
this  measiue  obviously  can  give  but  temporary  relief.  All  general 
treatment,  indeed,  is  merely  palliative,  and  is  usually  directed  to  the 
maintenance  of  the  strength  of  the  patient.  Even  Pasteur’s  antirabic 
treatment  appears  in  most  cases  to  be  unaA'aihng  Avhen  symptoms  of  the 
disease  have  manifested  themselves ; but  if  this  treatment  can  be  applied 
during  the  early  part  of  the  period  of  incubation,  in  cases  up  to  the  sixth  day 
and,  in  some  cases,  even  up  to  the  tenth  day  after  the  infliction  of  the 
wound,  a much  larger  percentage  of  the  cases  bitten  may  end  in  recovery. 
When  the  wounds  are  severe  the  greatest  care  should  be  taken  to  keep 
them  clean  and  properly  dressed  during  the  period  of  Pasteur’s  antirabic 
treatment.  The  patient  should  be  kept  from  violent  exercise,  but  in  the 
fresh  air,  his  diet  should  be  nourishing  but  digestible  and  non-stimulating. 
During  the  coui'se  of  treatment  and  for  some  time  after  it  has  ceased 
alcoholic  drinks  of  all  kinds  should  be  strictly  forbidden. 

Pasteu/s  treatniml  of  hydrophobia  is  based  on  the  knowledge  that  rabic  virus 
may  be  intensified  or  attenuated  at  will.  He  first  observed  that  the  tissues 
and  fluids  taken  from  rabid  animals  varied  considerably  in  their  virulence, 
then  that  the  virus  taken  from  similar  positions — say  the  cerebrospinal 
fluid — had  always  the  s<ime  action  in  the  same  species ; but  that  fluid 
taken  from  an  animal  of  a different  species  was  weaker  or  stronger  as  the 
case  might  be.  Thus,  the  cerebrospinal  fluid  of  a series  of  dogs  is  of 
constant  .strength,  and  inocidations  made  from  dog  to  dog  regularly 
prrxluce  death  from  rabies,  the  animals  passing  through  an  incubation- 
perifxl  fairly  constant  in  length,  and  through  a series  of  similar  synq^toms 
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ending  in  death  at  the  same  term.  If,  however,  a scries  of  monkeys  be 
inoculated,  the  virus  gradually  becomes  more  and  more  attenuated  in 
sticcessive  animals  until  eventually,  after  the  disease  has  run  a longer 
and  longer  course,  there  comes  a time  at  which  the  virus  is  no  longer 
sutliciently  active  to  cause  death.  If  this  attenuated  fluid  be  now  passed 
through  a series  of  raljbits,  dogs,  or  guinea-pigs,  its  virulence  gradually 
rises  until  the  original  intensity  is  reached.  If  successive  inocula- 
tions be  made  into  rabbits  with  fluid  either  from  the  dog  or  the  monkey, 
the  virulence  may  bo  so  e.valted  beyond  that  of  the  virus  taken  from  a 
street  dog,  in  which  the  incubation-period  is  from  twelve  to  fourteen 
days,  that  at  the  end  of  the  hundredth  passage  the  incubation-period 
may  be  reduced  to  about  seven  days,  or  even  to  six.  This,  the  strongest 
virus  obtainable,  was  called  by  Pasteur  the  “virus  fixe.”  Kabic  virus 
appears  to  be  attenuated  by  the  actioji  of  heat  and  of  certain  chemicals. 
If  it  be  subjected  for  about  an  hour  to  a temperature  of  50°  C.  its  activity 
is  completely  destroyed,  or  in  half  an  hour  if  to  a temperature  of  60°. 
A 5 per  cent  solution  of  carbolic  acid,  acting  for  the  same  period, 
seems  to  exert  a similar  effect ; as  do  likewise  1 per  1000  solutions  of 
perchloride  of  mercury,  acetic  acid,  or  permanganate  of  potash.  According 
to  Babes,  the  virus  rapidly  loses  its  strength  on  exposure  to  air  especially 
in  sunlight ; when  protected  from  light  and  air  it  retains  its  virulence 
for  a long  period.  Active  virus  has  been  obtained  forty-four  days  after 
death,  and  has  been  obtained  from  a glycerin  extract  kept  for  a month. 
It  is  of  importance  to  remember  this  action  of  heat  and  of  antiseptic  and 
chemical  substances  when  considering  the  nature  of  the  virus ; for, 
although  permanganate  of  potash  might  act  simply  as  an  active  oxidising 
agent  upon  the  manufactured  toxin,  heat  and  the  other  chemicals  appear 
to  act  rather  as  they  are  wont  to  do  upon  micro-organisms  and  enzymes. 
If  this  be  the  case,  we  have  additional  evidence  that  the  virus  is  organised. 

In  his  early  experiments  Pasteur  observed  that  the  eords  of  rabbits 
that  had  been  dead  for  some  time  contained  less  virulent  poison  than  did 
the  cords  of  animals  freshly  killed ; this  was  especially  the  case  when  the 
air  was  dry  and  the  cord  protected  from  putrefacti^'e  processes.  At  the 
end  of  fourteen  or  fifteen  days  the  rabbit’s  cord  kept  under  these 
conditions,  completely  loses  its  power  of  setting  up  rabic  symptoms ; in 
this  case  the  period  at  which  the  virus  becomes  inactive  appears  to  be 
determined,  first,  by  the  dryness  of  the  atmosphere ; and,  secondly,  by 
the  size  of  the  cord  ; as  the  more  slender  the  cord  the  more  rapid  the 
loss  of  virulence.  It  is  possible,  however,  that  this  loss  of  virulence  may 
be  due  to  a diminution  in  the  quantity  of  virus  rather  than  to  any 
alteration  in  its  quality,  and  Hogyes  and  Bardach’s  experiments  on  the 
dilution  of  the  virus  with  saline  solution,  or  with  distilled  water,  appear 
to  indicate  that  there  may  be  some  such  ratio  of  quantity  to  period  of 
incubation  and  intensity  of  attack.  Tizzoni  and  Centanni,  by  subjecting 
“ virus  fixe  ” to  a process  of  peptic  digestion  by  means  of  the  addition 
of  diluted  gastric  juice  for  varying  periods,  are  able  to  obtain  rabic  virus 
of  varying  degrees  of  intensity.  These  methods  of  attenuation  and 
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intensification  have  been  most  carefully  worked  out ; as  it  was  evident 
that  a method  of  protective  inoculation  must  depend  entirely  upon  the 
possibilitv  of  the  production  of  protective  vaccins  of  diflerent  strengths. 
In  his  earlier  experiments  Pasteur  selected  ?i  series  of  rabic  poisons 
beginning  with  that  obtained  from  the  spinal  cord  of  the  monkey — from 
the  very  weak  to  the  strongest  that  he  could  obtain  in.  this  animal ; then 
passing  through  a similar  series  obtained  during  the  process  of  exaltation 
of  the  virus  by  passage  through  a number  of  rabbits.  By  inoculating 
dogs  subcutaneously  with  virus  taken  from  a series  commencing  with  the 
weivkest  from  a monkey,  and  gradually  working  up  through  that  obtained 
from  the  rabbit — from  the  earliest  to  the  latest  in  the  series — the  animals 
become  immune,  not  only  against  subcutaneous  injection,  but  against 
subdural  injection  with  “ \drus  fixe  ” j and  also  against  the  bite  of  a rabid 
dog.  Such  a method  as  this,  however,  had  se^•eral  disadvantages,  and  was 
not  absolutely  certain  in  its  action,  only  fifteen  out  of  twenty  dogs  being 
completely  protected.  Pasteur,  therefore,  assisted  by  Chamberland  and 
Eoux,  devised  a more  trustworthy  and  accurate  method.  A number  of 
cords  cut  into  short  segments,  which  were  held  in  series  by  the  dura 
mater,  were  suspended  in  sterile  glass  flasks  plugged  with  cotton-wool, 
and  contaim’ng  a quantity  of  some  hygroscopic  material  such  as  potassium 
hydrate;  each  flask  with  its  contents  was  kept  at  a temperatm-e  of  72“ 
F.  (about  22°  C.).  The  cord  when  taken  out  at  the  end  of  the  first 
twenty-four  hours  was  found  to  be  almost  as  active  as  the  fresh  untreated 
cord ; that  removed  at  the  end  of  forty-eight  hours  was  slightly  less 
active  than  that  removed  twenty-four  hours  previously ; and  the  diminu- 
tion in  mrulence,  though  gradual,  progressed  regularly  and  surely  until 
at  the  end  of  the  fourteenth  or  fifteenth  day  the  virus  was  inactive.  An 
emulsion  of  the  cord  of  the  last  day  was  made,  and  a certain  quantity 
injected  into  a dog  that  had  been  bitten;  this  was  followed  by  an  injec- 
tion of  an  emulsion  of  a thirteenth-day  cord,  and  so  on  until  the  animal 
had  been  injected  with  a perfectly  fresh  and  therefore  extremely  active 
cord  corresponding  to  the  “ virus  fixe.”  Animals  treated  in  this  way 
were  now  found  to  be  absolutely  protected,  even  against  subdural 
inoculation  with  considerable  quantities  of  “ %’irus  fixe  ” ; and  protective 
inoculation  against  rabies  had  become  an  accomplished  truth. 

As  it  would  be  very  undesirable  to  inject  any  but  those  persons  who 
had  actually  been  bitten  by  a rabid  or  presumably  rabid  animal,  Pasteur 
continued  his  experiments  in  order  to  see  whether  it  would  not  be  possible 
to  cure  a patient  already  bitten,  and,  as  it  were,  to  steal  a march  on  the 
vinrs  introrluced  through  a bite.  He  found  that  if  the  process  of  inocu- 
lation be  begun  within  five  days  of  the  infliction  of  the  bite,  almost  eveiy 
animal  bitten  can  be  saved  ; and  that  even  if  the  treatment  be  commenced 
at  a longer  interval  after  the  bite  a certain  proportion  of  recoveries  may 
still  be  obtained,  and  that  the  “ protection  ” would  last  for  at  least  two 
} eani,  and  probably  longer.  Then  an  opportunity  came  to  apply  the 
treatment  to  the  human  .subject.  The  de.scription  of  the  case,  that  of 
Joseph  Meister,  has  now  become  clas.sical.  This  lad,  nine  years  of  ace 
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was  bitten  sevei’ely  on  the  arms  and  legs  by  a mad  dog  on  the  4th  July 
1885  his  worst  wounds  were  cauterised  with  carbolic  acid  about  twelve 
hours  after  the  bite.  The  dog  was  undoubtedly  mad,  and  it  was 
recognised  that  under  the  ordinary  methods  of  treatment  there  was  little 
chance  of  the  survival  of  the  patient ; it  was  resolved,  therefore,  to  apply 
the  treatment  which  had  been  so  successful  in  the  case  of  dogs,  and  so  to 
give  him  the  oidy  apparent  chance  of  recovery.  Thirteen  injections 
were  made  in  ten  days  : two  on  the  first  day  with  emulsions  made  from 
cords  that  had  been  exposed  to  dry  air  for  fourteen  and  ten  days 
respectively  ; two  on  the  second  day  with  emulsions  of  cords  that  had 
been  exposed  for  eleven  and  eight  days  respectively,  and  then  on  each  of 
the  following  days  up  to  the  tenth  with  emulsions  of  cords  exposed  for 
eight,  seven,  and  six  days  down  to  one  day ; and  on  the  last  day  Avith 
that  of  the  fresh  cord  of  a rabbit  in  Avhich  the  virus  retained  its  full 
virulence.  In  oi’der  to  control  the  results,  for  every  injection  that  Avas 
made  into  the  child  a corresponding  one  Avas  made  into  a rabbit;  and  it 
Avas  found  that  of  the  five  rabbits  so  inoculated  Avith  the  first  five 
injecting  materials  not  one  manifested  symptoms  of  hydi-ophobia ; but 
the  other  eight  all  succumbed  to  the  disease,  the  period  at  Avdiich  they 
died  being  shorter  as  the  cords  exposed  to  the  dry  air  for  shorter  and 
shorter  times  Avere  successively  injected.  The  patient,  thus  gi’adually 
prepared  by  the  earlier  inoculations,  was  not  in  the  slightest  degree 
affected  by  the  stronger  virus  ; and  five  years  afterAvards  the  boy  Avas 
still  perfectly  well. 

The  chance  of  success  in  the  human  subject  appears  to  be  even 
greater  than  in  the  dog  or  rabbit,  seeing  that  on  account  of  the 
resistance  offered  by  the  human  tissues  to  the  virus,  the  period  of 
incubation  is  comparatively  prolonged  ; thus  there  is  an  opportunit}'  of 
obtaining  immunity  if  the  process  of  vaccination  be  commenced  soon 
after  the  bite  has  been  inflicted,  the  protection  becoming  complete  before 
the  incubation-period  has  passed,  the  virus  in  the  system  then  having 
no  more  chance  of  affecting  the  nerve-centres  than  has  the  “ virus  fixe  ” 
AAdien  injected  under  the  dura  mater  of  a protected  animal;  the  nerve- 
centres  having  become  gradually  acclimatised,  as  it  Avere,  to  the  presence 
of  the  rabic  virus,  and  able  to  carry  on  their  proper  functions  even  in  its 
presence,  until  in  time,  like  the  microbial  poisons,  it  is  gradually 
neutralised  and  eliminated  from  the  body.  Pasteur  afterwards  modified 
the  method  somcAvhat,  and  used  injections  of  cords  up  to  the  third  day. 
This  “ simple  ” method,  as  quoted  by  Marie,  is  given  in  the  folloAving 
table : — 
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It  was  soon  evident,  however,  that,  although  this  method  was  effica- 
cious when  the  wounds  were  not  severe  and  were  confined  to  parts  in 
which  the  nerve-supply  was  not  extensively  interfered  with,  it  Avas  often 
quite  inadequate  in  serious  cases,  Avhen  the  Avounds  Avere  on  the  face,  or 
had  been  inflicted  by  a mad  Avolf,  the  virus  of  Avhich  is  considerably  more 
active  than  that  of  the  rabid  dog  of  the  streets.  In  these  latter  cases 
the  number  of  injections  which,  in  the  simple  treatment,  are  spread  over 
five  days,  are  made  in  three  days ; then,  on  the  fourteenth  day,  a fresh 
series  of  injections,  or  rather  repetitions,  is  begun,  Avhich  lasts  until 
the  twenty-first  day.  This  “ intensive  ” method  is  given  in  the  folloAvdng 
table : — 
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Babes,  in  order  to  obtain  a constant  virus,  makes  a mixture  of 
cords  which  have  been  exposed  to  the  drying  process  for  three  or  four 
different  periods.  He  inoculates  at  least  twice  a day,  and  in  very  severe 
cases  more  frequently ; moreover,  he  uses  larger  quantities  of  the  protec- 
tive material  and  continues  the  treatment  over  a longer  period ; he 
obtains  excellent  results.  It  is  now  generally  acknowledged  that,  when 
the  operation  is  properly  performed,  the  injection  even  of  very  large 
quantities  of  virus  may  be  safely  carried  out. 


Stati.stics  of  Cases  treated  in  the  Pasteur  Institute,  Paris,  not  including 
persons  in  whom  the  disease  declared  itself  during  course  of  treat- 
ment, in  which  therefore  the  treatment  was  not  complete. 


A.  Cases  excluded  in  which  the  disease  declared  itself  within  a fortnight  after 

inoculation. 


Ye.irs. 

1 

Persons  Treated. 

1 

Deaths. 

Mortality  i>er  cent. 

18S6 

2671 

25 

0-94 

1887 

1770 

14 

0-79 

1888 

1622 

9 

0-55 

1889 

1830 

7 

0-38 

1890 

1540 

5 

0-32 

1891 

1559 

4 

0-25 

1892 

1790 

4 

0-22 

1893 

1648 

6 

0-36 

1894 

1387 

7 

0-.50 

189.5 

1520 

5 

0-33 

1896 

1308 

4 

0-30 

1897 

1519 

6 

0-39 

1898 

1465 

3 

0-20 

1899 

1614 

4 

0-25 

1900 

1413 

4 

0-28 

1901 

1318 

5 

0-37 

1902 

1105 

2 

0-18 

1903 

628 

2 

0-32 

1904 

7.55 

3 

0-39 

1905 

727 

3 

0-41 
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B.  All  caies  included  in  which  treatment  was  completed. 


Years. 

Persons  Treateil. 

Ueuths. 

Mortality  per  cent,  j 

1SS6 

2682 

36 

1-34 

1SS7 

1778 

21 

1-18 

ISSS 

1625 

12 

0-74 

1SS9 

1834 

10 

0-54 

1890 

1.546 

11 

0-71 

1891 

1564  + 5* 

9 

0’57 

1S92 

1793  + 5' 

7 

0-39 

1893 

1648  + 4' 

6 

0-39 

1894 

1392 

12 

0-86 

1895 

1523  + 1' 

5 

0-33 

1896 

1308 

4 

0-30 

1897 

1521 

8 

0-52 

1898 

1465  + 2' 

4 

0-27 

1899 

1614  + 2' 

10 

0-61 

1900 

1419  + 1' 

10 

0-70 

1901 

1318  + 3' 

5 

0-37 

1902 

1105  + 1' 

2 

0-18 

1903 

630 

■ 4 

0-65 

1904 

757 

5 

0-66 

1905 

727  + 1' 

4 

0-54 

The  Pasteurean  method  appears  to  avail  little  when  the  disease  has 
once  manifested  itself. 

It  has  ah’eady  been  mentioned  that  when  cords  of  different  sizes  are 
desiccated  for  the  same  period  the  results  obtained  are  not  always  the 
same,  so  that  samples  of  the  di’ied  virus  are  by  no  means  constant 
as  regards  strength.  Hogyes,  in  order  to  get  over  this  difficulty, 
mi.ves  the  fresh  cord  with  normal  saline  solution,  commencing  with 
a dilution  of  1-10,000,  and  gradually  rising  to  1-100,  making  as 
many  as  28  injections  of  from  3 to  1 c.c.  of  these  diluted  cords  in 
14  days  in  comparatively  mild  cases,  and  53  similar  injections  in  20 
days  in  the  more  severe  cases.  ' The  same  end  may  be  attained  by  heating 
the  virus.  Again,  if  saliva  from  a rabid  animal  or  an  emulsion  of  the 
cord  be  injected  into  the  jugular  vein  of  a horse  or  a sheep,  the 
animal  not  only  does  not  succumb  to  the  disease,  but  an  immunity  to 
the  disease,  as  conveyed  by  the  ordinary  mode  of  infection,  is  set  up. 
L»ogs  are  not  so  readily  protected  in  this  fashion,  but  with  care  even 
this  may  be  effected.  It  is  assumed  that  the  virus  in  the  large  volume 
of  blood  may  be  so  diluted  that  it  acts  as  if  saline  solution  had  been 
added,  for  it  is  found  that  injection  into  the  arterial  system  (when  the 
dilution  cannot  be  so  great)  is  not  nearly  so  successful  as  when  the  injec- 
tion is  made  intravenously. 

In  1005  liemlinger  pointed  out  that  amongst  cases  of  rabies  treated 
by  the  Pasteurean  method  paralyses  of  a severe  form  sometimes  make 
their  appearance.  To  the  uninitiated  they  are  very  alarming,  but  they 

’ These  ca.ses  arc  not  included  in  the  calculations  as  the  patients  died  from  the  results  of 
the  late  during  the  course  of  treatment. 
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usually  pass  off  spontaneously,  and  though  of  great  scientific  interest,  are 
of  little  practical  importance.  The  paralyses  affects  the  lower  limbs  in 
almost  every  instance,  and  the  bladder  and  rectum  are  also  frequently 
affected. 

It  comes  on  between  the  eighth  and  last  days  of  treatment,  or  within  the 
week  following,  and  is  ushered  in  by  slight  fever,  anorexia,  and  intense  opistho- 
tonos accompanied  by  violent  lumbar  pains.  These  symptoms  are  followed 
within  twenty-four  hours  by  paresis  and  weakness  of  the  lower  limbs,  hesitating 
and  tottering  walk,  and  then  by  complete  paralysis.  There  may  be  either  hyper- 
cBSthesia  with  increased  tendon-reflex  or  anesthesia  with  abolition  of  the  tendon- 
reflexes.  The  paralyses  of  the  bladder  and  rectum  may  lead  to  either  incontin- 
ence or  retention.  In  some  cases  the  paralyses  are  confined  to  the  lower  limbs 
and  to  the  sphincters.  Sometimes  the  paralysis  is  of  a well-defined  ascending 
type,  resembling  Landry’s  paralysis.  Acute  pains  in  the  upper  limbs  precede 
paresis  and  paralysis  of  the  muscles  of  these  parts.  The  muscles  of  the  face  are 
often  similarly  affected,  and  bulbar  troubles  such  as  dyspnoea,  tachycardia,  dys- 
phagia, etc.,  may  supervene.  After  a very  anxious  period  for  those  who  have 
not  had  experience  of  this  condition,  during  which  it  appears  that  these  bulbar 
troubles  might  have  a fatal  issue,  the  symptoms  are  arrested  ; they  become 
ameliorated,  and  after  from  one  to  twenty  days  the  paralytic  phenomena  dis- 
appear, motor  power  is  gradually  and  fully  restored  in  about  four  or  five  days. 
More  rarely  this  phase  may  extend  over  several  weeks.  The  sphincters  are 
usually  the  first  muscles  to  recover. 

The  etiology  of  this  condition  is  ver}'^  obscure.  In  exceptional  cases  the 
paralj^sis,  in  place  of  being  associated  with  the  alteration  in  the  cord,  appears 
to  be  associated  with  changes  in  the  peripheral  nerves — the  facial  or  the 
motor  oculi — eithei’  alone  or  along  with  the  neiwes  of  the  upper  and  lower 
limbs.  The  interruption  of  the  antirabic  treatment  appears  to  have  no 
effect  upon  the  course  of  the  paralysis.  According  to  Remlinger,  the 
paralysis  can  scarcely  be  the  result  of  a secondary  pneumococcal  or  strepto- 
coccal infection,  the  invarial)le  recovery  and  the  type  of  the  intoxication 
being  against  such  a supposition.  Nor  can  it  be  the  result  of  an  intoxi- 
cation by  the  products  of  the  cord-emulsion ; otherwise  these  cases  would 
bo  of  more  frequent  occurrence  in  hot  countries  than  in  cold,  in  summer 
than  in  wintei’,  and  no  such  incidence  has  been  noted.  There  is  no  evidence 
that  the  paralj^ses  are  hysterical,  and  the  almost  invariable  affection  of  the 
sphincters  is  certainly  against  such  a supposition.  Tlie  hypothesis  that 
there  is  some  congestion  of  the  medulla  'appears  to  be  more  reasonable. 
Lavei’an  suggests  that  this  paralysis  may  be  a symjrtom  of  rabies  of  canine 
origin  attenuated  and  cured  by  the  Pasteurean  inoculation.  The  exceptional 
paralytic  phenomena  accompanied  by  the  pain  at  the  site  of  the  wound 
lend  some  countenance  to  such  a view,  but  it  must  be  remembered  that 
in  the  great  majority  of  cases  these  pains  are  absent.  Moreover,  in  certain 
instances  the  pains  appear  to  be  most  marked  at  the  seat  of  injection. 
If  these  paralytic  phenomena  were  the  result  of  rabies  attenuated  by  the 
treatment  they  shoidd  occur  specially  in  those  cases  in  which  the  wounds 
have  been  very  severe, — on  the  face,  for  example,  and  in  which  the  virus 
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has  come  from  the  wolf,  say, — hut  as  a matter  of  fact  most  of  them  have 
occurred  in  cases  in  which  the  wounds  were  not  severe.  Moreover,  the 
paralvsis  appears  from  twelve  to  seventeen  days  after  infection,  a period 
of  incubation  very  short  for  hydrophobia  determined  by  a bite.  Further, 
in  many  cases,  there  was  considerable  doubt  whether  the  animal  that 
inflicted  the  bite  was  really  rabid.  Finally,  it  comes  on  too  quickly  to 
be  caused  by  the  emulsion  of  cord  with  which  the  patient  is  vaccinated, 
unless  it  be  that  the  emulsified  cord  contains  a rabic  toxin  which  can  act 
quickly  and  very  evanescently.  It  must  be  noted,  however,  that  these 
cases  are  specially  numerous  when  Babes’  intensified  method,  in  which  the 
virus  is  attenuated  by  heat,  is  made  use  of,  seven  cases  out  of  the  2850 
patients  thus  inoculated  developing  this  form  of  paralysis.  When,  however, 
a ‘•dilution”  method  is  used  not  a single  case  occurred  amongst  25,872 
patients  injected.  The  paralysis  does  not  appear  to  be  due  to  neglect  or 
accident  during  the  injection.  Out  of  24  cases  occurring  amongst 
107,712  persons  subjected  to  the  antirabic  treatment  all  were  cured  but 
two.  ■ As  regards  prophylaxis,  the  general  condition  and  temperature  of  the 
patient  should  be  carefully  attended  to  and  chills,  which  appear  to  precede 
the  appearance  of  the  paralysis  in  many  cases,  should  be  carefully  avoided. 
The  existence  of  opisthotonos,  with  a feeling  of  weakness  in  the  lower 
limbs,  usually  indicates  the  imminence  of  this  paralysis,  and  when  these 
appear  the  unsest  course  is  to  stop  the  antirabic  treatment,  and  not 
to  resume  it  until  the  paralysis  has  disappeared.  As  far  as  the  treatment 
of  the  paralysis  itself  goes,  a good  general  rule  for  the  medical  man  is 
that  “ the  best  treatment  for  these  cases  is  none  at  all.” 

As  eiirly  as  1889  Babes  and  Lepp  had  conceived  the  idea  that  it 
might  be  possible  by  means  of  the  blood  to  transmit  conferred  immunity  to 
rabies  from  one  animal  to  another.  Although  the  success  of  these  investi- 
gators was  not  great,  Tizzoni  and  Schwarz,  and  later  Tizzoni  and  Centanni, 
worked  out  a method  of  serum-treatment,  curative  and  protective  in  hydro- 
phobia which  is  worthy  of  attention.  In  this  method  not  the  rabic  poison 
itself,  but  the  protective  substance  formed  is  injected  into  the  tissues. 
These  observers  shewed  that  the  serum,  of  vaccinated  animals  is  capable 
of  neutralising  the  pathogenetic  poAver  of  the  virus  of  rabies — “ virus 
fixe  ” — not  only  AA'hen  mixed  with  it  before  injection,  but  even  Avhen 
injected  simultaneously,  or  Anthin  twenty-four  hours  after  the  introduc- 
tion of  the  virus  into  the  body.  They  shewed  also  that  the  serum  of  a 
rabbit  protects  a rabbit  better  than  does  the  serum  of  a dog ; and  they 
indicated  that  by  their  method  they  AA'ere  able  to  attain  a higher  degree 
of  immunity  than  could  be  obtained  by  Pasteur’s  method.  Taking 
“virus  fixe”  as  their  starting-point  they  prepared  a series  of  Aveaker 
materials  by  submitting  it  to  the  action  of  gastric  juice ; beginning  Avith 
a very  Aveak  virus  so  prepared  and  using  a series  gradually  increasing  in 
strength,  they  protected  not  only  rabbits  and  dogs  but  sheep  .against 
the  most  virulent  rabic  poi.son,  even  Avhcn  introduced  under  the  dura 
mater.  By  continuing  the  i)rocc.ss  they  succeeded  in  tAventy  days,  after 
seventeen  injections,  in  obtaining  such  a barge  (piantity  of  the  antir.abic 
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substance  in  the  senim  that,  if  injected  twenty-four  hours  before  the 
IJoison,  even  so  small  a proportion  as  1 to  25,000  of  serum  to  body 
weight  would  protect  the  animal.  More  powerful  serum  still  is  obtained 
Avhen  the  sheep  are  -revaccinated  ; the  injections  in  this  case  are  made 
during  the  course  of  twelve  days,  each  injection  again  consisting  of  0'25 
gramme  of  the  emulsified  cord  per  kilogramme  of  the  weight  of  the 
sheep.  This  process  may  be  repeated  again  and  again  so  long  as  the 
intervals  are  sufficient  to  allow  the  animal  to  keep  in  good  condition ; ot 
this  the  best  criterion  is  the  maintenance  or  increase  of  its  Aveight  during 
the  process  of  vaccination.  The  best  time  after  the  completion  of  the 
vaccination  process  at  which  to  take  the  blood  and  separate  the  serum, 
Avhich  contains  the  antirabic  substance,  is  probably  about  the  tAventy- 
fifth  day  after  the  last  of  the  injections  of  rabic  material. 

This  method  of  treatment  has  thus  been  brought  AA'ell  into  line  Avith 
that  of  the  other  specific  infective  diseases  in  Avhich  serum-therap}'  has 
been  employed ; and  there  can  be  little  doubt  that  if  this  method  be  as  suc- 
cessful as  the  process  of  rapid  immunisation  of  the  patient  Avorked  out  by 
Pasteur,  it  has  many  marked  advantages  and  apparently  feAV  disadvantages. 
(For  details  see  (142).)  The  process  in  its  two  stages  differs  from  that 
developed  by  Pasteur  and  at  present  in  use,  in  so  far  that,  in  place  of 
promoting  the  formation  of  the  antidote  within  the  body  of  the  patient 
by  a process  of  vaccination  with  progressively  stronger  and  stronger 
virus,  this  part  of  the  pi’ocess  is  carried  on  in  an  animal ; Babes  using 
the  dog,  Tizzoni  and  Centanni  the  sheep.  From  animals  so  prepared  the 
antirabic  substance  is  conveyed,  along  AAuth  the  blood -serum  in  Avhich 
it  is  dissolved,  Avhich  acts  merely  as  a vehicle,  to  the  patient  or  animal  to 
l)e  treated. 

In  the  second  modification,  instead  of  using  Pasteur’s  method  of 
protective  vaccination  for  the  animals  from  Avhich  the  serum  is  to  be 
obtained,  these  authors  use  a vaccin,  Avhich  has  been  modified  or  attenuated 
by  a process  of  peptic  digestion.  The  exact  action  of  this  digestive  process 
has  not  as  yet  been  discovered.  Is  it  merely  a dilution  ? Have  Ave  to  do 
Avith  a positive  reduction  in  the  activity  of  the  poison-secreting  organisms, 
or  with  such  a diminution  of  the  potency  of  the  ferment  produced  by 
them,  that  the  tissues  are  not  prevented  by  their  presence  from  reacting 
and  performing  their  proper  functions  1 In  any  case,  the  activity  of  the 
virus  is  so  modified  that  considerable  doses  may  lie  injected  Avithin  a 
comparatively  short  period,  eAmn  Avhen  protection  has  not  been  carried 
very  far. 

This  serum,  when  mixed  in  definite  quantity  in  a test-tube  Avith  a 
lethal  dose  of  eanine  virus  or  “ Aurus  fixe  ” and  then  injected  into  a 
rabbit,  so  neutralises  the  poison  that  there  is  neither  any  increase  in  the 
quantity  of  the  virus  nor  any  appearance  of  the  symptoms  of  rabies  even 
in  animals  kept  under  obsetwation’  for  so  long  a period  as  five  months. 
Again,  if  the  serum  be  not  injected  until  some  time  after  the  administra- 
tion of  a lethal  dose  of  the  poison,  some  alleviation  is  still  obtained  ; but 
under  these  conditions  a somcAvliat  larger  quantity  has  to  be  injected  in 
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order  to  keep  the  animal  alive.  The  amount  required,  however,  increases 
so  slightly  that  if  the  injection  of  scrum  be  delayed  until  the  end  of  the 
first  half  of  the  incubation-period,  it  is  necessary  to  multiply  the  dose  of 
the  serum  some  six  or  eight  times  only.  In  this  respect  the  serum 
treatment  in  rabies  has  great  advantages  over  that  used  in  other  diseases, 
such  as  diphtheria  and  tetanus. 

When  the  serum  is  injected  in  small  doses  even  a comparatively  short 
time  before  the  patient  is  bitten,  protection  against  rabies  is  obtained. 
Such  prophylaxis,  of  course,  could  only  be  needed  by  those  frequently  in 
contact  with  dogs  ; or  by  persons  working  for  any  length  of  time  with  rabic 
virus.  The  rabic  poison  has  a very  definite  selective  action  ; as  in  tetanus 
it  seems  to  pick  out  the  nerves  and  the  central  nervous  system.  We 
find,  accordinglj',  that  by  selecting  the  site  for  the  injection  of  the  serum 
much  better  results  may  be  obtained,  even  with  smaller  doses.  Thus,  if 
the  serum  be  injected  under  the  intracranial  dura  mater,  much  smaller 
doses  are  needed  than  when  the  injections  are  made  into  the  substance 
of  a nerve ; and  for  subcutaneous  injection  a larger  dose  of  the  serum 
is  necessary  than  must  be  injected  into  either  of  the  above  positions. 
The  serum,  when  injected  into  the  nervous  tissues,  may  act  at  once, 
possibly  by  a direct  chemical  antagonism  to  the  virus ; though  there  is 
very  little  evidence  from  direct  experiment  in  favour  of  this.  On  the 
other  hand,  as  some  maintain,  the  serum  in  the  nerve-centres  may  act 
not  upon  the  nerve-cells  only,  but  also  upon  the  cells  of  the  neuroglia, 
which  with  its  aid,  perliaps  through  some  special  stimulation,  are  able  to 
carry  on  their  functions  in  the  presence  of  even  considerable  quantities  of 
the  rabic  virus.  It  appears  to  be  in  some  such  way  as  this  that  the  point 
of  introduction  of  the  protective  serum  determines  the  ultimate  result  of 
the  inoculation ; when  the  serum  is  injected  subcutaneously  it  is  possible 
that  a large  proportion  of  its  active  material  is  used  up  and  practically 
wasted  in  fortifying  or  assisting  cells  which  stand  in  little  need  of  protec- 
tion ; whilst  the  nerve-cells,  participating  only  in  the  general  distribution 
of  the  antirabic  substance,  do  not  receive  from  it  sufficient  help  to  enable 
them  to  withstand  the  action  of  the  poison  which,  as  we  have  seen, 
appears  to  be  especially  mischievous  to  them.  When,  on  the  other  hand, 
the  serum  is  injected  into  the  substance  of  a large  nerve,  the  protective 
agent  finds  its  way  at  once  into  channels  which  communicate  almost 
directly  with  the  cerebrospinal  lymphatic  system ; and  larger  quantities 
of  it  come  into  direct  contact  with  the  cells  or  tissues  of  the  central 
nervous  .system.  In  the  case  of  a subdural  injection  of  the  serum  the 
antitoxic  material  comes  primarily  and  directly  into  contact  with  those 
ti.ssues  which  stand  most  in  need  of  its  protective  action ; consequently 
the  best  results  are  obtained.  Babes  combines  the  serum  treatment 
with  the  Pasteurean  method,  e.specially  in  severe  cases.  One  great 
difficulty  about  the  production  of  serum  for  this  method  of  treatment  is 
that,  up  to  the  present,  it  has  been  found  impossible  to  grow  the  ral)ic 
vims  outside  the  body  of  tin  animal  ; the  vaccin  material  can  there- 
fore be  obtained  only  in  com])aratively  small  finantities  and  with  the 
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expenditure  of  much  time,  trouble,  and  money.  Moreover,  the  virus  is 
obtained  in  such  a form  that  it  is  difficult,  if  not  impossible,  to  separate  the 
Avhole  of  the  active  portion  of  the  poison  from  its  ordinary  vehicle ; whilst, 
as  we  are  still  in  ignorance  of  the  exact  form  of  the  poison-producim' 
organism,  we  are  not  in  a position  either  to  isolate  the  latter  or  to 
separate  an  active  vaccinating  material  by  precipitation,  filtration,  or 
the  use  of  chemical  or  microbicidal  agents.  The  serum  treatment  is 
still  in  its  infancy,  and  it  is  cpiite  possible  that  in  certain  cases  it  may 
not  prove  so  efficacious  in  general  practice  as  it  has  been  found  to  be  in 
experimental  work ; but,  from  an  experimental  point  of  view,  the  results 
are  so  striking  that  we  are  entitled  to  hope  for  results  as  good  or  almost 
as  good  in  the  treatment  of  hydrophobia  in  man. 

German  .Sims  Woodhead. 
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G.  S.  AY. 


CO-EXISTEXCE  OF  INFECTIOUS  DISEASES 

By  F.  Fooud  Caigeu,  AI.D.,  F.R.C.P. 

That  two  or  more  infectiou.9  diseases  are  capable  of  running  concurrently 
in  the  same  individual  is  not  so  generally  recognised  as  the  frequency  of 
its  occurrence  would  warrant. 

Hunter  even  went  so  far  as  to  deny  the  possibility  of  such  co- 
existence, and  to  his  teaching  must  doubtle.ss  be  ascribed  the  wide 
currency  to  which  this  belief  has  attained.  Murchison  in  1859,  while 
reporting  ca.ses  in  point,  asserted  that  the  prevalent  opinion  w.as  opposed 
to  the  possibilities  of  any  such  co-existence,  though  he  himself  was  fully 
alive  to  the  truth  (2). 
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Now  it  is  universally  admitted  that  the  convalescent  stage  of  many 
and  various  infectious  disorders  is  not  infrequently  interrupted  by  the 
appearance  of  a second ; and  it  is  within  the  experience  of  those  who  are 
daily  concerned  in  dealing  with  large  numbers  of  cases  of  the  infectious 
fevers,  to  find  two  such  diseases  running  concurrently,  and  in  exceptional 
instances  three  (3)  or  even  four  (4). 

So  far  from  co-existence  being  an  impossibility,  clinical  experience 
would  tend  to  shew  that  the  presence  of  one  disease  in  the  body  increases 
the  liability  to  the  infection  of  another.  The  susceptibility  not  only 
varies  in  respect  to  different  diseases,  but  is  usually  increased  in  proportion 
to  the  severity  of  the  primary  attack. 

Any  inference,  drawn  from  a simple  statement  of  figures,  as  to  the 
relative  susceptibility  evinced  by  the  subjects  of  a particular  disease  in 
respect  to  the  development  of  any  particular  second,  is  unfortunately 
vitiated  by  the  fact  that  the  liability  to  contract  a disease  varies  with 
the  chances  of  exposure  to  its  infection.  The  varying  influences  of  season, 
local  prevalence,  relative  isolation,  the  protection  conferred  by  a previous 
attack,  and  other  factors,  must  all  be  discounted  in  addition  to  the  varying 
susceptibility  seen  in  connexion  with  age. 

The  following  list  specifies  the  number  of  instances  amongst  184,227 
cases  of  scarlet  fever,  diphtheria,  and  enteric  fever  received  into  the 
Metropolitan  Asylums  Board  Fever  Hospitals  during  the  years  1896-1904, 
in  which  two  or  more  infective  fevers  were  actually  co-existent  at  the  time 
of  the  patients’  admission  (5) : — 


Scarlet  Fever  and  Diphtheria  . . 1721 

,,  ,,  Uhicken-pox  . 634 

,,  ,,  Measle.s  . . 503 

,,  ,,  Whooj)iug-cough  689 

,,  ,,  German  Measles . 60 

,,  ,,  Enteric  Fever  . 29 

,,  ,,  Mumps  . . 6 


Diphtheria  and  Measles  . . . 413 

,,  ,,  Chicken-jjo.x  . . 192 

„ ,,  AVhooping-cough  . 321 

,,  ,,  German  Measles  . 19 

,,  ,,  Enteric  Fever.  . 14 

,,  ,.  Mumps  ...  5 

,,  ,,  Erysipelas  . . 1 


Enteric  fever  and  Whooping-cough 1 

Scarlet  fever,  Ohickeii-pox,  and  Whooping-cough  . . 2 

Scarlet  fever,  Measles,  and  Whooping-cough  . . .3 

Diphtheria,  Measles,  and  Whooping-cough  ....  2 

Diphtheria,  Measles,  and  Chicken-pox 2 

Diphtheria,  Chicken-pox,  and  Whooping-cough  . . . 1 

Scarlet  fever,  Diphtheria,  Measles,  and  Whooping-cough  . 1 


It  will  be  seen  that  amongst  these  184,227  attacks,  a second  disease 
was  actually  coexistent  in  4421  instances,  i.e.  2‘39  per  cent.  If,  how- 
ever, instead  of  those  actually  co-existent,  we  consult  the  records  shewing 
the  occiu’rence  of  a second  disease  during  the  convalescent  stage  of  the 
primary  attack,  the  number  will  be  found  to  be  considerably  larger. 

The  following  table  shews  the  number  of  instances  amongst  184,227 
cases  of  scarlet  fever,  diphtheria,  and  enteric  fever  in  which  a second 
infective  fever  arose  during  the  convalescent  stage  of  the  primary 
one  (5) : — 
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I'riiunry  Disease. 

Secondary  Disea.se. 

No.ofCa.ses. 

_ 

n 

Perceutaj;e. 

Scarlet  Fever  (1 17,707 cases) 

Diphtheria 

4535 

3-85 

Cliicken-pox  . 

3040 

2’58 

Measles  .... 

1017 

1-37 

Whooping-cough 

778 

■66 

German  Measles 

1030 

•87 

JJ 

Slumps  .... 

117 

•09 

)' 

Erysipehis 

96 

•08 

Enteric  Fever. 

15 

■01 

Diphtheria  (57,187  cases) 

Scarlet  Fever  . 

2931 

5-12 

Cliicken-pox  . 

574 

1-00 

Measles  .... 

512 

■86 

yy 

Whooping-cough 

257 

•44 

German  Measles 

69 

•10 

yy 

Miinips  .... 

3 

•00 

Erysipelas 

4 

•00 

Enteric  Fever . 

2 

•00 

Enteric  FeA*er  (9333  cases) 

Scarlet  Fever  . 

29 

•31 

Diphtheria 

33 

•35 

yy 

Erysipelas 

1 

■01 

The  foregoing  record  shews  that  in  15,643  cases,  or  8'49  per  cent, 
the  convalescent  stage  was  complicated  by  the  appearance,  of  a.  second 
disorder. 

If  the  two  series  be  added  together  we  find  that  amongst  184,227 
cases  of  scarlet  fever,  diphtheria,  and  enteric  fever,  the  attack  Avas  com- 
plicated at  one  time  or  another  dmfing  its  progress  by  the  occurrence  of 
another  infective  disease  in  20,064  instances,  or  10‘8  per  cent.  In  ten 
instances  three  separate  infections  were  co-existent,  and  in  one  no  less 
than  four  diseases  were  present  at  the  same  time. 

Now,  for  the  reasons  above  stated,  the  foregoing  numbers  cannot  be 
taken  as  an  accurate  expression  of  the  proportionate  liability  to  co- 
existence ; yet  the  figures  are  not  Avithout  a ceiiain  value.  Experience 
sheAvs  that  the  diseases  Avhich  most  frequently  complicate  scarlet  fever  are 
diphtheria,  chicken-pox,  and  measles,  and  that  ivhooping-cough  comes  next  in 
frequency,  especially  in  very  young  children. 

Although  post-scarlatinal  diphtheria  is  a Avell- recognised  condition, 
much  confusion  e.xists  at  the  present  time  in  respect  to  those  cases  of 
scarlet  fever  Avhich  are  complicated  Avith  diphtheria  during  the  acute  stage. 
Seeing  that  in  many  cases  of  simple  scarlet  fever  an  exudation  is  found 
on  the  fauces,  Avhich  is  not  diphtheria,  closely  as  it  may  simulate  it,  the 
mistake  is  often  made  of  .adopting  too  Avide  a gener.alisation,  and  of 
referring  all  “ exudation  throats  ” to  the  same  category ; thus  virtually 
ignoring  the  possibility  of  the  co-exi.stence  of  diphtheria  Avith  scarlet  fever 
in  the  -acute  stage.  In  the  large  m,ajority  of  cases  in  Avliich  an  attack  of 


S46 


SVSrJiA/  OF  MEDICINE 


diphtheria  complicates  scarlet  fever,  it  arises  during  the  convalescent 
stage  of  the  scarlatinal  attack  ; in  which  case  the  infective  processes  are 
not  strictly  co-existent.  It  must  also  be  conceded  that  by  far  the  gi-eater 
number  of  faucial  exudations  seen  during  the  acute  stage  of  scarlet  fever 
are  not  examples  of  co-existent  diphtheria,  but  are  dependent  upon  inttara- 
mation  of  a special  character  set  up  by  certain  micro-organisms,  usually, 
it  would  seem,  streptococci,  which  are  frequently  present  in  the  scarlatinal 
throat.  It  must  be  remembered  that  diphtheria  bacilli  are  not  infre- 
quently present  in  the  throats  of  persons  suffering,  or  convalescent,  from 
scarlet  fever,  without  giving  rise  to  any  clinical  manifestations  : and  in 
the  absence  of  a bacteriological  examination  there  would  be  nothing  in 
the  nature  of  the  case  to  lead  to  their  presence  being  suspected.  Since 
the  germs  are  apparently  in  a latent  or  vegetative  phase,  the  patient  can 
hardly  be  said  to  be  suffering  from  diphtheria,  though  the  presence  of 
Kleb.s-LofHer  bacilli  must  always  be  regarded  as  a potential  source  of 
diphtheria,  not  only  to  the  person  harbouring  them,  but  to  others. 

That  measles  and  chicken-jwx  should  frequently  be  found  to  arise  in 
children  suffering  from  scarlet  fever  is  only  what  might  be  expected  in  view 
of  the  high  degree  of  infectivity  possessed  by  these  disorders ; moi’eover 
the  age-incidence  in  the  three  diseases  is  in  close  agreement. 

There  is  little  doubt  that  many  more  instances  of  co-existent  whooping- 
cough  would  have  to  be  recorded  were  the  age -incidence  in  the  two 
diseases  more  equal.  The  maximum  susceptibility  to  whoojjing-cough 
would  appear  to  be  during  the  second,  third,  and  fourth  years  of  life ; 
whereas  in  scarlet  fever  the  greatest  liability  is  evinced  during  the  fifth 
and  sixth  years. 

That  scarlet  fever  patients  arc  but  little  prone  to  enteiic  fever  and  vice 
versa,  is  evinced  by  the  fact  that  only  73  instances  are  recorded  in  127,040 
attacks.  This  inference,  too,  is  supported  by  a statement  of  Murchison, 
that  in  the  course  of  twenty-three  years’  experience  at  the  London  Fever 
Hospital,  at  a time,  too,  when  all  classes  of  disease  were  treated  in  the 
same  wards,  and  many  thousand  cases  of  scarlet  fever  were  admitted,  not 
more  than  eight  instances  were  recorded  in  which  the  scarlet  and  enteric 
fevers  were  co-existent  (6).  Here,  again,  the  age-incidence  in  the  two 
diseases  being  widely  different,  the  relative  susceptibility  would  naturally 
not  be  very  great.  If  it  were,  the  similarity  in  the  curves  of  their 
seasonal  prevalence  would  doubtless  tend  to  increase  the  chance  of  their 
occasional  co-existence. 

That  typhus  is  capable  of  existing  with  scarlet  fever  is  attested  by 
Murchison  (6).  At  the  present  day  the  opportunity  of  observing  their 
co-existence  must  necessarily  be  rare.  The  only  case  which  has  come 
under  my  own  notice  was  that  of  a boy  aged  eight,  in  whom  the  typhus 
eruption  appeared  on  the  third  day  of  a typical  attack  of  scarlet  fever. 
The  severity  of  the  combined  attack  Avas  too  great  for  the  child,  and 
he  died  on  the  fifth  day  after  the  eruption  came  out.  In  this  case  the 
typhus  Avas,  no  doubt,  contracted  first. 

As  in  the  converse  instance,  but  possibly  to  a less  degree,  the 
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diphtheria  patient  is  very  liable  to  take  the  infection  of  scarlet  fevefr,  and 
this  susceptibility  is  prol)ubly  as  great  in  the  acute  stage  as  it  is  in  later 
convalescence.  That  in  both  diseases  the  faucial  mucous  membrane  is 
the  part  first  and  mainly  afiected,  strongly  suggests  that  this  part  is  in 
each  case  the  point  at  which  infection  is  received.  As  regards  diphtheria 
modern  research  and  clinical  observation  have  confirmed  this  view  beyond 
all  reasonable  doubt ; the  mucous  membrane  of  the  throat,  weakened  by 
the  scarlatinal  infiammation,  provides  a soil  most  favourable  to  the 
development  of  the  Klebs-Lbffler  bacillus.  Whether  the  reverse  hold 
good,  namely,  that  a mucous  membrane,  either  at  the  time,  or  previously, 
afiected  with  diphtheria,  is  thereby  rendered  more  susceptible  to  the 
virus  of  scarlet  fever,  is  not  so  certain.  The  rapid  spread  of  scarlet  fever 
amongst  the  inmates  of  a diphtheria  Avard,  if  once  it  gain  admission,  and 
its  preference  for  the  severer  cases,  are  matters  of  common  observation  ; 
moreover,  the  observation  that,  in  many  cases  of  scarlet  fever,  a sore  throat 
precedes,  by  a week  or  more,  the  symptoms  of  definite  invasion,  strongly 
suggests  that  this  is  so. 

It  is  not  uncommon  for  diphtheria  patients  to  be  attacked  Avith 
measles,  chicken-pax,  or  tchooping-caugh,  but  it  is  doubtful  Avhether  any 
special  susceptibility  exists  in  respect  to  any  of  these  diseases. 

The  subjects  of  measles,  though  they  may  develop  anj?  of  the  other 
infectious  disorders,  evunce  a special  susceptibility  to  diphtheria  and 
ichooping -cough.  The  gi’avity  of  the  former  complication  is  extreme, 

as  in  both  diseases  the  respiratory  passages  are  especially  affected.  In 
respect  to  AA-hooping-cough  the  liability  lasts  for  some  Aveeks  after  obvious 
catarrh  has  ceased.  There  Avould,  therefore,  seem  to  be  a correlated 
susceptibility  in  respect  to  measles  and  Avhooping-cough  such  as  apjAears 
to  exist  betAveen  scarlet  fever  and  diphtheria. 

The  actual  concurrence  of  small-pox  and  scarlet  fever  is  not  very 
common,  although  the  small-pox  conA^alescent  is  very  liable  to  take  scarlet 
fever  if  exposed  to  its  infection.  Erysipelas,  again,  arises  occasionally  in 
confluent  cases. 

XoAV,  as  concerns  any  modification  of  the  characters  of  one  disease 
in  A-irtue  of  the  co-existence  Avithin  the  body  of  another,  it  may  be  stated 
that  there  is  no  eA'idence  to  AA^arrant  the  belief  that  the  incubatioii-stage 
of  either  is  interfered  AA-ith  in  any  particular.  Just  as  the  latent  period 
of  independent  chicken-pox,  measles,  or  small  pox  is  more  constant  than 
it  is  in  independent  attacks  of  scarlet  fever,  diphtheria,  and  enteric  fever, 
so  it  is  when  either  of  them  occurs  as  an  intercurrent  affection  during 

^ O 

the  progress  of  another  di.sease.  A primary  vaccination  runs  jArecisely 
the  same  course  in  a scarlatinal  child  as  it  does  in  a healthy  infant. 
Arguing  from  experimentol  dato  so  far  aA^ailable,  there  is  no  prima  facie 
rcr'ison  to  expect  the  products  of  one  organism  to  be  capable  of  modifying 
the  development  of  another  in  a medium  so  eminently  faA'ourable  to 
groAvth  as  is  afforded  by  the  human  body  ; unless  the  poison  be  present  in 
overwhelming  fpiantity.  The  restraiiring  influence  of  certain  putrefactive 
organi.sms  is,  however,  admitted. 
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It  may  then  be  affirmed  generally,  that  the  symptoms  of  one  disease 
are  neither  delayed  in  their  appearance,  nor  mitigated  in  their  severitv, 
by  the  presenee  of  another ; but  that  the  characteristics  of  each  are  for 
the  most  part  well  defined,  and  in  some  instances  even  exaggerated. 
The  gravity  of  the  combined  manifestation  would  seem  not  to  vary  so 
much  with  the  severity  of  the  iDrimary  attack,  which  seems  to  have  more 
efi'ect  in  determining  susceptibility,  as  with  the  propinquity  in  the 
incidence  of  the  two  disorders. 

There  are,  nevertheless,  clinical  points  characterising  the  conjunction 
of  certain  members  of  the  infectious  group  which  are  deserving  of 
mention.  When  diphtheria  arises  during  the  acute  stage  of  scarlet  fever 
the  patient’s  condition  is  usually  very  grave,  apart  from  the  chance  of 
extension  to  the  larynx.  There  is  a great  liability  to  mistake  a non- 
diphtheritic  scarlatinal  exudation,  or  the  surface -necrosis  {Scharlach 
Nekrose  of  Henoch)  which  is  sometimes  seen  on  the  tonsils  in  severe 
cases  of  scarlet  fever,  for  the  state  in  which  both  diseases  are  present. 
The  following  points  may  assist  in  discriminating  the  two  conditions : — 
The  scarlatinal  exudation  is  usually  limited  to  the  tonsils  ; it  is  apparentl}' 
dependent  upon  the  intensity  of  the  associated  tonsillitis ; the  surrounding 
mucous  membrane  is  usually  of  an  angry  red  tint,  and  frequently 
presents  a somewhat  dry  and  sticky  appearance ; the  exudation  itself 
either  consists  of  a thin  pellicle,  which  is  easily  detached,  and  commonly 
disappears  in  a day  or  two,  or  it  is  represented  simply  by  a necrotic 
surface  on  the  tonsil.  This  soon  proceeds  to  ulceration  with  a greyish- 
white,  woolly-looking  surface  which  may  exteiid  both  superficially  and  in 
deptli,  and  ultimately  lead  to  extensive  destruction  of  the  faucial  tissues. 
At  all  stages  of  this  condition  the  Streptococcus  pyogenes,  staphylococci, 
and  numerous  putrefactive  bacteria  are  usually  to  be  found  in  abundance  ; 
but  the  Klebs-Loffler  bacillus  is  conspicuous  by  its  absence,  whether 
sought  for  in  the  recent  exudation,  or  by  careful  cultivation  in  suitable 
meclia  ; and  the  attack  will  not  be  followed  by  paralysis.  In  co-existent 
diphtheria,  on  the  otlier  hand,  the  exudation  more  frequentl}’^  invades 
the  palate,  uvula,  and  the  pillars  of  the  fauces ; it  is  usually  thicker, 
especially  at  the  margin,  and  for  a time  more  adherent;  it  bears  no 
relation  to  the  intensity  of  the  tonsillitis,  and  the  mucous  membrane  is 
often  comparatively  pale,  of  a pinkish  tint,  and  usually  iiresents  a glairy 
appearance.  The  constitutional  depression  is  more  profound  at  an  earlier 
date  than  is  usual  in  uncomplicated  attacks  of  scarlet  fever.  The  Klebs- 
Lciffier  bacillus  can  be  isolated  with  ease  in  practically  all  cases,  together 
with  certain  pyogenetic  bacteria,  notably  Streptococcus  pyogenes  and 
Staphylococcus  allms  and  aureus ; moreover,  some  degree  of  parah'^sis  is 
found  at  a later  stage  in  a large  proportion  of  patients  who  survive. 

The  bacteriological  test  and  the  occurrence  of  post- diphtheritic 
paralysis  are,  of  course,  by  far  the  most  valuable  criteria  of  the  presence 
of  co-existent  diphtheria  ; and  I have  often  found  the  Klebs-Liiffler  bacillus 
in  cases  in  which  a definite  diagnosis  could  not  have  been  otherwise 
oljtained.  The  majority  of  such  cases  are  fatal ; and  the  reason  why 
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diphtheritic  panilysis  is  not  more  frecpieiitly  observed  is  that  the  patients 
usually  die  before  the  advent  of  this  sequel. 

Diphtheria  of  convalescence,  ov  posl-scarlatinal  diphtherki,  is  dealt  'vvith 
in  the  section  devoted  to  scarlet  fever  (p.  461). 

^Vheu  scarlet  fever  arises  in  a patient  who  has  recently  suffered  from 
diphtheria,  that  is,  during  the  first  few  weeks  of  the  illness,  a recrudescence 
of  diphtheritic  membrane  frequently  occurs,  especially  in  cases  treated 
with  antitoxin ; although  the  fauces  may  have  been  clear  for  the  previous 
two  or  three  weeks.  The  development  is  interesting  as  exemplifying  a 
recrudescence  of  vitality  on  the  part  of  a microbe  in  response  to  a change 
in  its  environment.  The  relapse,  however,  is  rarely  characterised  by 
excessive  viriUence. 

When  chicken-pox  complicates  the  scarlatinal  attack,  either  dui’ing  the 
eruptive  stage  or  duiing  convalescence,  the  attacks  are  on  the  whole 
more  severe  than  in  the  independent  disorder.  The  eruption  is  usually 
more  copious,  and  there  is  possibly  a greater  tendeney  to  pustulation.  In 
cases  in  which  the  eruptions  are  coincident,  the  varicella  will  have  been 
contracted  at  an  earlier  date  than  its  fellow. 

It  is  not  very  common  to  find  measles  actually  co-existent  with  scarlet 
fever,  although  either  is  frequently  to  be  met  with  during  convalescence 
from  the  other.  In  the  former  case  the  diagnosis  may  give  rise  to  some 
difficulty,  as  the  combined  eruption  wll  present  some  special  features  of 
both  diseases.  The  eruption  is  usually  intense,  often  patchy  in  distri- 
bution, and  generally  invades  the  circumoral  region.  A mottled  staining 
remains  behind  after  the  rash  has  faded,  often  associated  Avith  really 
free  desquamation ; a combination  which  is  not  met  with  in  any  single 
infectious  disease.  If  the  eruptions  be  nearly  coincident,  the  rapid  fall 
of  temperature,  which  in  most  cases  of  ordinary  measles  takes  place  within 
forty-eight  hours  of  the  appearance  of  the  rash,  may  be  arrested  by  the 
longer  sustained  pyrexia  of  scarlet  fever,  and  the  temperature  may  thus 
be  quite  devoid  of  its  usual  characters.  Ulcerative  stomatitis  is  very 
prone  to  appear  in  such  cases,  occasionally  running  on  to  definite  noma, 
and  there  is  a marked  tendency  for  the  bronchial  catarrh  to  develop  into 
serious  lung  mischief. 

It  is  curious  that  the  eruption  in  post-scarlatinal  measles  often  appears 
earlier  than  in  the  independent  disease.  In  seventy-eight  consecutive 
cases  of  measles  arising  in  scarlatinal  convalescents  the  eruption  was 
delayed  until  after  the  third  day  in  four  instances  only.  In  a large 
majority  it  appeared  on  either  the  first  or  second  day ; and  in  a con- 
siderable number  it  was  the  first  sign  of  illness.  These  were  cases  of 
undoubted  measles,  not  of  German  measles. 

I'ost-scarlatinal  measles  is  apt  to  be  more  severe  than  ordinary 
measles;  the  mortality  in  the  series  referred  to  being  over  14  per 
cent. 

'rhe  appearance  during  the  course  of  measles  of  a suffocative  cough, 
attended  with  progressive  laryngeal  sti'idor,  usually  implies  the  presence 
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of  membrane  in  the  air-passages.  This,  in  some  cases  at  an}^  rate,  is 
true  diphtheria. 

When  measles  is  complicated  with  definite  diphtheria,  either  during  the 
eruptive  stage  or  later,  the  condition  is  one  of  extreme  danger  in  view 
of  the  constaney^  with  which  the  latter  disease  affects  the  larynx  and 
respiratory  tract.  * It  constitutes  the  most  serious  combination  of  any  two 
infectious  diseases.  The  fatality  is  not  only  increased  in  virtue  of  the 
malignant  type  which  the  disease  assumes,  but  the  persistence  with  Avhich 
the  membrane  re-forms,  if  successfully  expelled,  renders  the  case  Avell- 
nigh  hopeless.  Tracheotomy  alone  is  very  rarely  successful,  but,  when 
combined  with  the  administration  of  antitoxin,  the  results  are  most 
encouraging. 

When  measles  occurs  in  a jDatient  who  is  suffering  from  'whooping- 
cough,  the  tendency  to  the  development  of  capillary  bronchitis  and 
bronchopneumonia  is  thereby  greatly  increased.  The  fatality,  as  might 
be  expected,  is  in  inverse  proportion  to  the  age  of  the  patient. 

It  is  remarkable  that  when  the  course  of  'whooping-cough  is  in- 
terrupted by  an  intercurrent  attack  of  scarlet  fever,  the  characteristic 
“ whoop  ” is  often  entirely  dropped  during  the  febrile  stage  of  the  latter 
affection,  but  returns  when  the  temperature  has  again  become  normal. 
The  same  phenomenon  is  occasionally  observed  during  an  intercurrent 
attack  of  measles. 

A child  once  came  under  my  care  in  whom  scarlet  fever,  diphtheria, 
measles,  and  whooping-cough  were  all  present  at  the  same  time,  the 
only  one  of  these  diseases  in  which  the  diagnosis  was  doubtful  being 
diphtheria,  for  the  bacteriological  test  was  not  applied.  In  another  case 
the  eruptions  of  mmsles  and  chicken-pox  were  mingled  with  the  early 
desquamation  of  scarlet  fever  in  a child  who  at  the  time  was  suffering 
from  whooping-cough.  In  both  cases  the  combined  attack  was  fatal. 

In  those  exceptional  cases  in  which  enteric  fever  co-exists  with  scarlet 
fever  the  diagnosis  is  not  likely  to  present  much  difficulty,  unless  the 
symptoms  happen  to  be  very  ill -defined.  In  each  of  three  instances 
under  my  observation  the  distinctions  of  both  diseases  were  clearly 
apparent,  though  in  two  of  them  the  rashes  were  actually  concurrent. 
They  all  made  a good  recovery.  One  was  complicated  with  cervical 
adenitis,  and  in  each  case  characteristic  desquamation  followed. 

Numerous  instances  have  been  recorded  by  different  observers  in  the 
past  in  which  the  presence  of  “ diphtheritic  membranes  ” have  been  observed 
in  the  throat  during  the  course  of  enteric  fever.  In  the  absence  of  the 
bacteriological  test  the  diagnosis  of  dipihtheria  may  in  some  instances  have 
been  but  conjectural.  Murchison  (7),  however,  reported  one  case  in  which 
albuminuria  and  pharyngeal  paralysis  supervened,  and  at  the  autopsy 
there  was  membrane  in  the  larynx. 

The  co-existence  of  enteric  and  typhus  fevers  would  not  be  very  likely 
to  occur  in  this  country  at  the  present  day.  Murchison  (7)  reported  5 
cases  in  which  the  diagnosis  could  hardly  be  called  in  question.  In  two  of 
them,  although  the  typhus  supervened  during  the  course  of  the  enteric 
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attack,  the  eruptions  overlapped  each  other,  and  the  patients  ultimately 
recovered.  In  the  absence  of  the  typhus  rash  the  elucidation  of  the 
condition  would,  no  doubt,  be  very  difficult. 

The  only  other  infective  fever  of  which  the  diagnosis  is  likely  to  give 
rise  to  any  special  difficulty  when  occurring  in  connexion  with  enteric  fever 
is  mumps.  It  should  not  be  forgotten  that  a symptomatic  parotitis  is  not 
infrequently  met  with  Jis  a complication  of  the  former  disease. 

Instances  in  which  the  course  of  one  infectious  disease  has  been 
complicated  by  the  appearance  of  a second  have  been  recorded  by  many 
competent  observers  during  the  last  fifty  or  sixty  years ; and  such 
concurrences  may  be  frequently  observed  in  the  wards  of  any  large 
fever  hospital. 

F.  Foord  Caiger. 
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FOOD  POISONING 
By  H.  Bai’ty  Shaw,  M.D.,  F.R.C.P. 

Introduction. — As  is  well  known,  some  diseases,  such  as  typhoid  fever, 
cholera,  and  dysentery,  may  he  spread  by  food  infected  with  the 
organisms  responsible  for  these  diseases. 

The  discovery  by  Selmi,  Brieger,  and  others  of  various  toxic  sub- 
stances which  can  be  separated,  in  a pm-e  crystalline  form,,  by  chemical 
means  from  decomposing  food,  is  responsible  for  the  widespread  belief 
that  ingesta  may  be  poisonous  from  the  presence  of  certain  alkaloidal 
substances.  Various  reasons,  however,  can  be  adduced  to  shew  that  this 
conception  is  largely,  if  not  entirely,  erroneous.  Thus,  although  certain 
alkaloidal  substances  can  be  separated  from  decomposing  organic  matter 
by  the  interaction  of  great  heat  and  strong  acids,  it  does  not  follow  that 
these  bodies  existed  before  the  employment  of  these  chemical  and 
physical  methods.  It  is  quite  true  that  symptoms  have  frequently 
followed  so  soon  after  the  introduction  of  poisonous  food  as  to  give  rise 
to  the  behef  that  some  soluble  preformed  poisons  were  responsible 
for  the  clinical  manifestations.  A rapid  onset  of  symptoms,  however, 
does  not  necessarily  point  to  the  presence  of  a chemical  agent ; indeed 
there  are  now  many  reasons  for  believing  that  the  poison  is  of  a more 
complex  nature — in  short,  is  a true  toxin  molecule,  in  the  bacteriological 
sense  of  the  term.  That  bacteria  are  responsible  for  the  poisoning  which 
follows  the  ingestion  of  certain  food,  is  probable  because  they  have  been 
identified  in  a very  large  proportion  of  the  epidemics  of  food  poisoning 
that  have  been  bacteriologically  investigated.  According  to  one  estimate, 
fully  four-fifths  of  meat-poisoning  epidemics  have  been  proved  to  be  due 
to  the  ingestion  of  the  flesh  of  animals  suffering  from  bacterial  infection. 
Out  of  more  than  100  epidemics  of  food  poisoning,  affecting  more  than 
6000  people,  van  Ermengem  (21)  could  find  only  nine  in  which  the 
healthiness  or  the  reverse  of  the  animals,  from  which  the  meat  was 
derived,  was  unknown,  as  against  103  epidemics  in  which  it  was  known 
definitely  that  such  animals  were  suffering  from  septicaemia,  pyaemia, 
enteriti.s,  and  other  diseases.  It  is  also  conceivable  that  meat  may  be 
contaminated  with  pathogenetic  organisms  after  the  slaughter  of  the 
animals.  Further,  milk  and  milk-products,  as  well  as  meat,  may  be 
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poisonous  as  the  result  of  infection  ; thus,  milk  may  contain  pathogenetic 
organisms  when  obtained  from  the  cow,  or  it  may  be  infected  subse,- 
quently.  The  question,  however,  remains  whether  food  undergoing 
putrefaction — that  is,  the  changes  associated  with  the  pi'oduction  of 
ofi'ensive  gases  as  the  result  of  the  activity  of  putrefactive  organisms 
such  as  the  Proteus  zenkeri,  Proteus  mirabilis.  Bacillus  pyocyaneus  fodidus, 
Micrococcus  feetidus — is  able  to  produce  some  of  the  symptoms  of  food 
poisoning. 

The  ptomaines  described  by  Gautier,  Briegcr,  and  others,  such  as 
neuridine,  saprine,  putrescine,  methylamine,  collidine,  although  at  one  time 
thought  to  be  of  importance  as  toxic  agents,  are  now  considered  to 
possess  very  slight  poisonous  action.  It  is  not,  moreover,  agreed  that 
putrefactive  organisms  or  their  products  are  cjipable  of  imoducing 
symptoms  of  poisoning  in  man,  for  it  is  argued  that  the  mere  production 
of  symptoms  experimentally  by  the  intravenous  injection  of  toxins 
derived  from  these  organisms,  does  not  prove  that  similar  sjmiptoms 
in  epidemics  of  food  poisoning  are  necessarily  due  to  the  same  agent. 

There  are  considerable  difficulties  with  respect  to  the  use  of  the  word 
“ sajwophyte  ” as  opposed  to  pathogenetic  organism.  Nearlj'^  all  patho- 
genetic organisms  can  be  cultivated  in  the  laboratory  and  can  live 
and  produce  jDoisons  outside  the  animal  body,  and  are  therefore  faculta- 
tive saprophytes.  But  van  Ermengem  maintains  that  certain  obligatory 
saprophytes  can  form  toxins  capable  of  producing  pathological  effects 
clinically  and  experimentally.  It  is  also  maintained  that  certain  putre- 
factive organisms  are  pathogenetic  in  the  same  Avay,  so  that  when  it  is 
remembered  that  various  organisms  can  grow  upon  meat,  and  can  produce 
toxic  agents  capable,  when  injected  intravenously,  of  giving  rise  to 
symi^toms  of  enteritis  in  animals,  there  is  some  reason  to  believe  that 
the  same  toxin,  when  present  in  food,  may  be  absorbed  from  the 
alimentary  tract  of  human  beings,  and  produce  the  enteritis  of  food 
poisoning.  The  consumiition  of  venison  and  game,  however,  is  not 
usually  followed  by  these  symptoms,  and  there  are  strong  reasons  for 
hesitating  to  accept  the  opinion  that  putrefactive  organisms  are  the 
cause  of  food  poisoning.  The  discovery  of  a putrefactive  organism  in 
food  does  not  exclude  the  possibility  that  a pathogenetic  organism 
originally  present  had  been  outgrown  by  the  possibly  harmless  putre- 
factive organisms.  Although  many  of  the  original  jAomaines  are  now 
known  to  be  harmless,  some,  such  as  choline,  which  has  been  found 
in  cholera  cultures,  have  been  shewn,  in  quite  another  department  of 
medicine,  to  be  capable  of  producing  convulsions.  Convulsive  seizures 
arc,  however,  conspicuous  by  their  absence  in  the  records  of  food  jjoison- 
ing,  so  that  even  such  a toxic  substance  as  choline  cannot  have  much  to 
do  with  food  poisoning. 

In  the  light  of  recent  research,  the  subject  of  food  2)oisoning  may  be 
summarised  in  the  following  way : — 

(1)  Food  poisoning,  in  an  increasingly  large  proportion  of  cases,  is 
due  to  the  action  of  pathogenetic  organisms  which  are  either  present 
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before  ileath  in  the  animal  from  which  such  food  was  obtained,  or  have 
subsequently  gained  access  to  such  food.  In  both  cases  the  human 
being  may  sutler  from  toxic  effects  either  immediately  or  oidy  after  an 
inteiwal  -the  period  of  incubation.  The  duration  of  the  incubation  will 
depend  upon  a number  of  circumsttinces,  such  as  the  virulence  of  the 
organism,  the  resistance  of  the  individual,  and  so  forth. 

(2)  Ptomaine  poisoning,  which  was  originally  held  to  be  responsible 
for  various  epidemics  of  food  poisoning,  is  a very  restricted  possibility. 
Decomposed  food  is  rarely  an  attractive  article  of  diet,  and  even  when 
game  or  high  cheese  is  eaten  in  considerable  quantity,  toxic  symptoms 
are  exceptional  or  entirely  absent.  In  many  cases  of  food  poisoning  the 
food  consumed  has  appeared  to  be  quite  free  from  putrefaction,  as 
tested  by  the  sense  of  smell.  Moreover,  it  is  admitted,  by  those  who 
believe  in  ptomaine  poisoning,  that  many  ptomaines  are  much  less  toxic 
than  the  fluids  from  which  they  were  separated. 

(3)  It  is  impossible  to  deny  that  a few  ptomaines,  such  as  mydaleine  and 
tyrotoxicon,  may  occur  in  tainted  food  before  ingestion,  or  may  develop 
during  intestinal  decomposition  and  cause  toxic  s}’^mptoms,  referable  to 
local  disturbances  of  the  alimentary  tract,  or  in  the  case  of  mytilotoxine, 
of  the  central  nervous  system  also. 

A knowledge  of  the  temperatures  necessary  to  destroy  toxins  has  a 
very  important  bearing  in  the  consideration  of  food  poisoning.  As  nnll 
be  seen  later,  exposure  of  food  to  a temperature  of  60°  to  80°  C.,  or  even 
to  boiling-point  for  a period  as  long  as  thirty  minutes  to  an  hour  and  a 
half,  is  not  sufficient  to  destroy  certain  toxins.  It  follows  therefore  that, 
despite  the  greatest  care  in  cooking,  safety  cannot  be  assirred  unless  the 
most  searching  inspection  of  meat  and  food  be  carried  out.  Recent 
researches  by  Drs.  Klein  and  Durham,  and  many  foreign  investigators, 
shew  that  a still  more  rigorous  examination  is  necessary  in  order  to 
detect  with  certainty  the  organisms  of  meat  poisoning.  Possibly  apathy 
towards  this  important  safeguard  has  resulted  from  the  failure  of  the 
conception  of  ptomaine  poisoning  to  carry  conviction  to  toxicologists. 

Another  problem  is  whether,  in  the  absence  of  bacterial  invasion,  food 
can  undergo  any  change  leading  to  the  production  of  toxic  substances. 
According  to  von  Jaksch,  pure  milk  kept  warm  in  closed  vessels  may 
manufacture  substances  which  are  not  destroyed  by  sterilisation.  The 
only  agency  by  which  such  changes  can  be  brought  about  in  the  absence 
of  bacteria,  aerobic  and  anaerobic,  is  that  of  the  intracellular  ferments 
so  Avidely  distributed  in  animal  tissues,  and  possibly  present  in  milk 
also.  These  ferments,  acting  upon  the  proteid  and  nucleo-proteid  of 
the  animal  cell,  produce  decomposition-products  very  similar  to  those 
produced  by  heat,  acids,  and  bacteria.  This  action  is  hydrolytic  ; water 
is  split  up  and  the  free  hydrogen  and  hydroxyl,  combining  with  the  con- 
stituents of  the  cell,  give  rise  to  the  various  amino-compounds,  hexone- 
bases,  ammonia,  and  so  forth,  derived  from  proteid,  and  purin  derivatives, 
such  as  xanthine,  hypoxanthinc,  pyrimidine  derivatives  and  phosphoric 
acid  from  the  disintegration  of  nucleo-proteids.  These  bodies,  included 
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under  the  old  term  “ leucomaines  ” by  Gautier,  are  very  feebly  toxic 
even  on  experimental  injection  ; so  that  the  danger  of  food  thus  altered 
is  at  least  doubtful.  The  symptoms  ascribed  to  the  ingestion  of 
purin  bodies,  such  as  hypoxanthine,  are  very  different  from  those  follow- 
ing the  consumption  of  food  infected  with  micro-organisms,  or  permeated 
with  their  toxic  products.  Though  it  is  probable  that  a diet  consisting 
of  large  quantities  of  proteid  and  nucleo-proteid,  when  prolonged  over 
many  years,  is  capable  of  disturbing  the  balance  of  health,  symptoms 
of  an  acute  character,  comparable  to  those  of  ordinaiy  food-poisoning, 
are  not  met  with.  Further,  a certain  amount  of  disintegi-ation  of  proteid 
and  nucleo-proteid  is  a valuable  quality,  for  meat  that  has  hung  for  some 
time  is  more  easily  digested,  and  is  more  sapid  than  fresh  meat,  a 
change  attributed  to  intracellular  ferments.  Albumoses  and  peptones 
are  formed  in  the  initial  disintegration  of  proteids ; the  intravenous 
injection  of  these  bodies  gives  rise  to  toxic  symptoms,  such  as  a fall  of 
blood-pressure.  There  is,  however,  little  reason  to  believe  that  when 
introduced  into  the  alimentary  tract  these  substances  can  be  absorbed 
as  such,  and  cause  the  symptoms  met  with  in  food  poisoning.  They 
would,  in  ordinary  circumstances,  undergo  the  disintegration  common  to 
similar  products  by  the  hydrolysis  of  proteids  in  natural  digestive 
processes. 

In  face  of  the  overwhelming  evidence  in  favour  of  the  belief  that  food 
poisoning  is,  in  a very  large  proportion  of  the  cases,  due  to  organisms  and 
their  toxins,  using  the  term  in  the  bacteriological  sense  and  viewing  with 
suspicion  the  conception  of  ptomaine  poisoning,  i.e.  poisoning  by  chemical 
substances  derived  from  bacterial  organisms  or  bj?^  leucomaines  or  sub- 
stances derived  from  the  various  chemical  processes  of  the  body,  the 
etiology  of  food  poisoning  may  well  be  introduced  by  a consideration  of 
these  micro-organisms  which  have  been  shewn  to  be  responsible  for 
outbreaks  of  various  forms  of  food  poisoning. 

Etiology. — (I.)  Meat  Poisoning. — (a)  Bacillus  enteritidis  (Gartner). 
— The  opinion  that  food  poisoning  is  due  to  bacterial  agencies  was  first 
bi'ought  into  prominence  by  Bollinger,  who  attributed  certain  alimentary 
disturbances  to  mycotic  influence,  and  described  the  condition  produced 
as  “intestinal  sepsis”  or  “ septico-pysemic  gastro-enteritis.”  Dr.  Klein 
(28),  one  of  the  first  to  work  at  the  important  subject  of  food  infection, 
investigated  in  1880  its  bacterial  origin  in  an  epidemic  at  Welbeck 
reported  on  by  Dr.  Ballard  (5),  and  subsequently  demonstrated  a short 
bacillus  in  the  lungs  of  animals  experimentally  fed  with  food  (salted 
pork)  that  had  been  proved  by  Dr.  Ballard  (6)  to  be  resjjonsible  for 
another  epidemic  of  pleuro-pneumonia  at  Middlesborough  in  1888.  It 
is  noteworthy  that  in  this  epidemic  the  disease  was  transmitted  from 
one  person  to  another,  that  is  to  say,  a disease  originated  by  infected 
food  spread  subsequently  like  an  infectious  disease.  In  the  same  year, 
1888,  Gartner  described  an  organism  recovered  from  some  meat  known 
to  have  produced  symptoms  of  gastro-intestinal  distui’bance  in  man.  This 
organism  is  the  well-known  Bacillus  enteiitidis,  and  possesses  characters 
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which  place  it  in  a position  intermediate  between  the  B.  typhosus  and  the 
B.  coli  communis.  It  differs  from  those  two  organisms  in  a number  of  ways, 
but  an  important  distinction  is  that  its  toxin  appears  to  be  able  to  resist 
heat ; it  is  infective  per  os  and  entering  the  system  can  produce  a hcemor- 
rhagic  septicsemia.  The  epidemic  investigated  by  Gartner  affected  fifty- 
eight  out  of  ninety -three  persons  who  had  eaten  the  flesh  of  an  ox  which 
had  been  killed  because  it  had  diarrhoea.  One  of  the  affected  individuals 
vomited  shortly  after  taking  the  food  and  died  in  thirty-six  hours. 
Microscopic  examination  shewed  that  the  capillary  blood-vessels  of  the 
meat  contained  numerous  bacilli,  which  by  cultural  methods  were  proved 
to  be  identical  with  the  bacillus  present  in  the  organs  of  the  fatal  case. 
Since  Gartner’s  discovery  numerous  investigations  have  been  made  on 
food  poisoning,  and  organisms  have  been  separated  which  recall  the 
morphological  features  of  the  Bacillus  enteritidis  so  strongly  that  it  has 
been  presumed  that  the  organisms  in  all  these  cases  were  identical  with 
one  another  and  with  this  organism. 

As  will  subsequently  be  seen  {vide  p.  878)  there  is  every  reason  to 
believe  that  there  is  a considerable  number  of  organisms  which,  though 
closely  allied  morphologically,  and  even  in  their  pathological  results,  to  the 
B.  enteritidis,  are  really  different  varieties  possessing  quite  different  agglu- 
tinative reactions ; as  was  shewn  by  Dr.  Durham,  who  investigated  outbreaks 
of  food  poisoning  at  Hatton  (16),  Chadderton  (15),  Surbiton,  and  Oldham 
(IS),  and  found  that  each  of  these  epidemics  was  due  to  the  infection  of 
food  by  organisms  belonging  to  the  group  of  the  Bacillus  enteritidis,  but 
differing  from  this  organism  in  important  particulars.  But  how  do  the 
animals  from  which  such  infected  meat  is  obtained  become  infected  1 They 
may  be  infected  from  food,  not  necessarily  derived  from  other  animals, 
but  from  vegetable  sources,  and  possibly  infected  by  air-borne  organisms, 
but  this  is  not  proved.  The  closely  allied  organisms  belonging  to  the 
Bacillus  enteiitidis  group  have  been  named  according  to  the  particular 
epidemic  for  which  they  have  been  considered  responsible.  They  fall 
into  one  or  other  of  two  gi'oups  according  to  their  agglutinative  reaction 
(van  Ermengem).  In  the  first  group,  exemplified  by  the  B.  enteritidis 
discovered  by  Gartner  in  the  epidemic  at  Frankenhausen,  are  included 
the  organisms  separated  by  van  Ermengem  at  Moorseele  and  Ghent  as 
well  as  organisms  isolated  by  de  Hobele,  Fischer,  and  others  in  various 
epidemics.  The  second  gi’oup  includes  organisms  which  show  different 
reactions,  and  the  type  taken  is  the  bacillus  discovered  by  de  Nobele 
at  Aertryke.  Van  Ermengem  includes  in  this  latter  group  the  organisms 
described  by  Dr.  Durham  in  the  Hatton,  Chadderton,  Surbiton,  and 
Salford  epidemics,  as  well  as  the  organisms  discovered  by  Gartner  at 
Posen  and  by  himself  at  Calmpthout.  The  bacillus  of  hog-cholera  may 
also  be  included  in  this  group.  Several  organisms  similar  to  the  Bacillus 
enteriti/lLs  have  been  found  in  various  animals,  some  of  which  have  been 
shewn  to  be  capaVffe  of  producing  disease  in  man,  and  such  human 
disease  has  been  transmitted  in  epidemic  form  to  other  persons  ; the 
Bacillus  psittacosis  of  Nocard,  the  Bacillus  typhi  murium  of  Loeffler,  and 
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the  organism  described  as  the  B.  pseudo-iuberculosis  may  also  be  said  to 
belong  to  the  Bacillus  enieritidis  gi-oup.  A “ paracolon  ” or  “ para- 
typhoid ” bacillus  (vide  article  “Paratyphoid  Fever,”  Vol.  I.  p.  1157) 
presents  affinities  to  the  types  of  Bacillus  enieritidis,  but  so  far  Las  been 
associated  with  only  one  definite  epidemic  of  meat  poisoning.  Traut- 
maiin  has  described  an.  epidemic  of  meat  poisoning  at  Diisseldorf  follow- 
ing the  consumption  of  horse-flesh ; the  organism  separated  avas  the 
bacillus  of  paratyphoid  fever.  , Mr.  H.  cle  K Morgan  has  studied  the 
organisms  belonging  to  the  meat-poisoning  group  and  the  paratyjihoid 
group  i!i  their  distribution  in  the  intestines  of  animals  such  as  the 
horse,  bullock,  ox,  sheep,  and  pig.  He  finds  that  the  organisms  present 
in  the  intestines  of  these  animals  fall  into  one  of  three  groups,  accord- 
ing to  their  agglutinative  reactions,  namely,  a group  closely  allied  to 
the  bacillus  responsible  for  the  meat  poisoning  at  Aertryke,  a group 
allied  to  the  Bacillus  psittacosis,  and  a group  allied  to  the  bacillus  of 
paratyphoid  fever  (type  A of  Schottmiiller). 

Important  investigations  have  been  carried  out  on  the  toxins  of  the 
Bacillus  ententidis.  Fischer  and  van  Ermengem  have  found  that  the 
Bacilhis  enieritidis  possesses  an  endogenous  toxin.  Fischer  maintains 
that  this  toxin  is  not  destroyed  by  prolonged  heat.  Dr.  Sidney  Martin 
(42)  has  she^vn  that,  except  in  its  resistance  to  heat,  the  toxin  of  Bacillus 
enieritidis  is  similar  to  that  obtainable  from  the  Bacilhis  coli  communis, 
and  Cathcart  has  recently  confirmed  this  observation  and  shewn  that 
the  endogenous  toxin  of  this  organism,  obtained  by  prolonged  autolysis 
or  by  grinding  up  the  bacilli  by  the  method  of  Dr.  A.  Macfadyen  and 
Mr.  Rowland,  resists  boiling  for  thirty  minutes. 

(b)  Bacillus  Typhosus. — It  is  unnecessary  here  to  discuss  the  infection 
of  meat  by  the  Bacillus  typhosus,  but  attention  may  be  drawn  to  Jacobs- 
thal’s  observation  that  the  meat  taken  from  a cow  with  a splenic  abscess 
caused  an  epidemic  of  typhoid  fever ; from  the  pus  of  the  abscess  he 
recovered  organisms  which  gave  an  agglutinative  reaction  identical  with 
that  of  the  typhoid  bacillus.  Babes  (4)  also  states  that  the  true  typhoid 
bacillus  has  been  found  in  pork. 

(c)  Bacillus  Botulinus. — It  is  well  known  that  in  certain  countries, 
especially  on  the  Continent,  epidemics  of  meat  poisoning  have  occurred 
from  titne  to  time  characterised  by  a very  definite  group  of  symptoms 
referable  to  the  nervous  system.  The  food  consumed  has  frequently 
been  in  the  form  of  sausages  made  from  liver,  blood,  and  so  forth ; 
but  similar  symptoms  have  followed  the  consumption  of  salted  and 
smoked  meat,  ham,  various  forms  of  game,  preserved  meat,  and  pies 
made  from  these  articles.  The  name  of  botulism  or  allantiiisis  has  been 
given  to  this  group  of  symptoms.  As  in  the  past  other  symptoms 
following  the  consumption  of  meat  have  been  attributed  to  ptomaine 
poisoning  from  putrefaction,  so  a similar  explanation  has  also  been  given 
of  botulism.  It  was  observed,  however,  that  the  organisms  of  putre- 
faction are  remarkable  by  their  absence  or  by  their  rarity  in  such  food, 
and  that  the  amount  of  ptomaine  that  could  be  extracted  was  very 
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small  and  incapable  of  producing  symptoms  of  trno  botulism,  \birious 
efforts  have  been  made  to  discover  the  organism  concerned,  but  little 
has  resulted  beyond  the  discovery  of  aerobic  bacilli,  possessing  all  the 
characteristics  of  the  Bacillus  coli  coinnmnis. 

In  the  year  1897,  however,  van  Ermengem  (20)  drew  attention  to  an 
anaerobic  bacillus  which  he  had  found  in  1895  in  some  ham,  parts  of 
which  had  been  eaten  by  five  people,  three  of  whom  died.  The  animal 
from  which  the  ham  was  prepared  was  evidently  free  from  disease,  for 
another  part  of  its  flesh  was  eaten  shortly  after  slaughter  and  caused  no 
symptoms ; moreover,  the  second  ham  prepared  from  the  animal  had 
undergone  putrefaction,  and  yet  persons  partaking  of  it  did  not  develop 
symptoms  similar  to  those  of  the  other  persons  who  had  partaken  of  the 
first-mentioned  ham,  and  the  only  organisms  separated  were  the  Bacillus 
proteus  and  the  Bacillus  coli  communis.  The  first-mentioned  ham  alone 
produced  symptoms  of  botulism,  and  it  was  one  which  had  been  sub- 
merged in  a pickling  fluid.  From  this  ham  van  Ermengem  was  able  to 
separate  an  anaerobic  sporogenous  bacillus,  the  Bacillus  botulinus,  which, 
although  capable  of  producing  fatal  toxins,  was,  he  states,  unable  to  grow 
in  the  living  body.  This  is  a somewhat  I’emarkable  statement,  because  he 
reports  that  he  found  the  bacillus  in  the  spleen  of  one  patient  who  died, 
as  well  as  in  the  spleen  of  an  animal  fed  udth  the  ham.  Van  Ermengem 
considered  it  not  a true  pathogenetic  organism,  but  rather  a saprophyte 
capable  of  producing  toxins ; his  reasons  for  considering  this  organism  as 
non-pathogenetic  in  the  ordinary  sense  need  not  be  discussed  at  present, 
but  it  may  be  said  that  Dr.  Durham  and  other  observers  do  not  accept 
van  Ermengem’s  view  that  the  Bacillus  botulinus  is  a toxigenous  or  patho- 
genetic saprophyte. 

To  return  to  van  Ermengem’s  observation,  watery  extracts  of  the 
poisonous  ham  yielded  on  filtration  a fluid  of  highly  toxic  character. 
Such  extract  exposed  to  heat  of  80°  C.  for  half  an  hour,  or  treated  with 
carbolic  acid  and  exposed  for  a long  time  to  air  and  sunlight,  shewed  a 
complete  loss  of  toxicity.  The  toxin  of  the  Bacillus  botulinus  resembles 
in  several  ways,  especially  in  its  highly  poisonous  character,  the  tetanus 
to.xin,  and  like  it  is  apparently  fixed  by  the  cells  of  the  central  nervous 
system.  The  toxin  of  the  Bacillus  botulinus  when  injected  subcutane- 
ously in  doses  of  ‘0001  to  '0005  c.cm.  of  a filtered  broth  culture  is  fatal 
to  rabbits.  An  observation  of  greater  importance  is  that  1 to  2 drops 
of  a broth  or  gelatin  culture  administered  to  guinea-pigs  by  the  mouth 
causes  death  in  twenty-four  to  thirty-six  hours  with  jwonounced  paralytic 
.symptoms.  The  same  results  occur  in  monkeys  after  administration  of 
the  poison  by  the  mouth.  Dog.s,  cats,  and  fowls  are  very  much  less 
susceptible  to  the  toxin  given  by  mouth,  and  dogs,  even  after  the  sub- 
cutaneous injection  of  10  to  30  c.cm.  of  a filtered  culture,  react  only  with 
fever,  local  suppuration,  and  wasting.  Van  Ei-mengcm  found  that  the 
amount  of  ptomaines  present  in  the  food  was  exceedingly  small. 

{d)  The  Bacillus  coli  communis  appears  to  occupy  a dual  position  ; 
sometimes  it  acts  as  a putrefactive  bacillus,  on  other  occasions  it  assumes 
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pathogenetic  characteristics.  Like  putrefactive  organisms,  it  may  pi-o- 
duce  an  unpleasant  odour  in  the  meat  upon  which  it  grows.  It  may  be 
expected  that  its  presence  in  meat  used  for  food  may  give  rise  in  certain 
cases  either  to  infection  or  to  intoxication. 

Dr.  Klein  (29)  in  1889  described  an  organism  clo.sely  allied  to  the 
Bacillus  coli  communis  which  was  responsible  for  an  outbreak  of  food 
poisoning  at  Carlisle  following  the  consumption  of  pork  and  a certain 
gravy-stock.  He  investigated  a similar  epidemic  at  Portsmouth  in  1890 
which  followed  the  consumption  of  meat-pic,  and  suspected  the  organism 
of  this  epidemic  to  be  the  Bacillus  coli  commvmis,  though  subsequent 
inquiry  led  him  to  believe  that  the  organism  was  the  Bacillus  enteritidis 
(34).  Further  evidence  that  Bacillus  coli  communis  may  infect  meat  is 
provided  by  Dineur  (quoted  by  van  Ermengem),  who  was  able  to  shew 
that  an  epidemic  of  sausage  poisoning  was  due  to  a highly  virulent 
Bacillus  coli  communis  in  the  food.  Fischer  also  separated  a virulent 
Bacillus  coli  communis  from  pickled  meat  and  from  goose-liver. 

(e)  Bacillus  Proteus. — As  already  pointed  out,  some  authorities  do  not 
believe  that  the  toxins  of  putrefactive  bacteria  produce  the  symptoms  of 
meat  poisoning ; for  the  discovery  of  a putrefactive  organism  in  food  and 
the  demonstration  of  its  toxic  effects  when  injected  experimentally  into 
a vein,  or  subcutaneously,  is  obviously  not  sufficient  proof  that  it  is  the 
cause  of  similar  symptoms  in  man  occurring  after  the  consunqjtion  of 
food  containing  the  organism  j though  of  course  it  is  somewhat  sug- 
gestive. Dr.  Durham  obtained  by  cultivation  from  the  liver  of  a patient 
dead  of  infection  with  Gartner’s  bacillus,  numerous  colonies  of  this  bacillus 
as  well  as  a few  of  the  Bacillus  coli  communis.  A sample  was  kept,  and 
on  plating  out  from  it  again  a few  days  later,  the  Bacillus  coli  communis 
and  a few  examples  of  the  Bacillus  p'oteus  were  recovered ; but  there 
were  no  representatives  of  the  Bacillus  enteritidis.  A week  later  fresh 
plating  shewed  the  Bacillus  p'oteus  only ; the  other  two  organisms 
seemed  to  have  died  out. 

However,  the  notion  that  organisms  of  putrefaction  can  jjroduce 
toxic  symptoms  has  so  impressed  other  observers  that  reference  must 
be  made  to  the  subject.  As  the  name  implies,  there  are  several  varieties 
of  the  Bacillus  proteus.  Unlike  the  Bacillus  coli  communis,  it  does  not 
jjroduce  a faecal  odour,  though  it  is  associated  with  the  usual  putre- 
factive odours.  Salus  has  recently  brought  forward  reasons  for  exclud- 
ing the  Bacillus  proteus  from  the  group  of  putrefactive  organisms,  on 
the  ground  that  this  organism  is  unable  to  produce  putrefaction  of 
fibrin.  He  is  also  inclined  to  follow  the  teaching  of  Pasteur,  that  true 
putrefactive  bacteria  are  obligatory  anaerobes ; tbe  Bacillus  proteus  is  an 
aerobic  organism.  The  earlier  investigations  of  Brieger  and  others  were 
directed  to  the  separation,  by  chemical  and  physical  means,  of  deriva- 
tives of  putrefactive  organisms,  which  included  the  Bacillus  proteus ; to 
these  substances  the  term  jitomaine  was  applied. 

Various  epidemics  of  meat  poisoning  through  the  alleged  agency  of 
the  Bacillus  proteus  have  been  described,  such  as  those  by  Levy,  by  Dr. 
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Klein  (32)  in  an  epidemic  of  poisoning  by  potted  meat  at  Mansfield,  by 
Wesenbei’g,  Schumberg,  Gliicksmann,  and  Silberschmidt. 

Dr.  Sidney  Martin  (47)  has  shewn  that  it  is  possible  to  demonstrate 
in  the  filtered"  cultures  of  the  Bacillus  profeus,  and  in  the  bodies  of  these 
organisms,  a toxic  substance  closely  combined  with  a proteid  which  is  not 
an  albumose.  This  substance  is  readily  extracted  from  the  dead  bodies 
of  the  bacilli  by  distilled  water.  He  also  observed  that  this  toxin  when 
injected  intravenously  into  rabbits  causes  a fall  of  temperature  even  to 
an  extreme  degree,  rapid  evacuation  of  the  intestinal  contents,  great 
bodily  weakness,  vomiting,  and  even  death.  Exposure  to  a temperature 
of  100“  C.  for  a short  time  does  not  destroy  the  toxin.  Levy  considers 
that  B.  proleus  produces  “ sepsine,”  a base  described  by  Schmiedeberg  and 
Bergmann,  intravenous  injection  of  which  sets  up  gastro-intestinal 
symptoms  in  dogs. 

Various  other  organisms  have  been  discovered  in  meat,  and  have  been 
regarded  as  possible  causes  of  meat  poisoning.  Dr.  Klein  (37)  has 
sep;irated  from  an  infusion  of  beef  which  was  allowed  to  putrefy,  an 
obligatory  anaerobic  bacillus  which  was  motile  and  sporogenous ; when 
injected  into  guinea-pigs,  this  organism,  described  as  B.  carnis,  produced 
death  in  twenty-four  hours. 

The  particular  kinds  of  meat  which  are  liable  to  infection  are  pork, 
veal,  beef,  and  horse-flesh.  As  a rule,  mutton  does  not  cause  meat  poison- 
ing, though  cases  of  poisoning  from  lamb  have  been  recorded  b}^  Babes 
(4)  and  Zalplachta. 

These  considerations  about  infection  and  intoxication  in  meat  poison- 
ing must  raise  many  questions,  especially  the  possibility  that  such 
infections  and  intoxications  may  explain  certain  acute  illnesses  of 
doubtful  origin.  It  is  known  that  certain  typhoid-like  disorders  are 
due  to  a special  paratyphoid  organism,  and  it  is  conceivable  that  meat 
or  food  infection  may  be  responsible  for  the  numerous  cases  of  zymotic 
diarrhoea,  of  various  haemorrhagic  disorders,  acute  bronchial  and  pul- 
monary affections,  myelitis,  various  forms  of  febrile  jaundice,  and  a 
large  group  of  cases  for  which  at  present  we  have  no  explanation  and 
can  merely  label  cryptogenetic  infection. 

As  Babes  points  out,  the  application  of  serum-diagnosis  to  such  cases 
may  in  the  future  shew  that  some  at  least  are  due  to  food  infection,  not 
only  by  typhoid  bacilli,  but  by  the  paratyphoid  bacillus  or  by  that  large 
group  of  organisms  which  are  generically  known  as  the  organisms  of 
meat  infection. 

Scurvy  has  been  attributed  to  the  want  of  certain  ingredients  found 
only  in  fresh  vegetables.  It  has,  however,  been  found  that  scurvy  does 
not  develop  so  long  as  fre.sh  meat  is  consumed,  and  Mr.  Jackson  and 
Dr.  Harley,  by  feeding  animals  with  slightly  tainted  meat,  have  pro- 
duced experimentally  a disease  analogous  to  scurvy,  which  was  not 
prevented  by  giving  sound  maize  and  rice  at  the  same  time.  Torup 
indeed  has  suggested  that  scurvy  is  due  to  ptomaine  poisoning,  but 
in  the  al;sence  of  bacteriological  investigation  in  Mr.  Jackson  and 
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Dr.  Harley’s  research,  it  is  possible  that  human  scurvy  is  due  to  the 
presence  of  bacteria  and  to  the  development  of  bacterial  to.xins  in  the 
meat  consumed. 

It  is  stated  that  the  flesh  of  animals  that  have  underf>;one  great  fatigue 
just  before  death  is  toxic.  Richardiere  suggests  that  this  may  be  dvie 
to  the  presence  of  an  excessive  amount  of  leucomaines,  but  Roger 
conjectures  that  these  animals  have  really  undergone  an  auto -infection, 
and  Wurtz,  supporting  the  same  opinion,  quotes  Charrin’s  expeiiments 
shewing  that  fatigue  favours  the  escape  of  micro-organisms  from  the 
intestinal  tract  into  the  blood.  It  is  known  that  the  flesh  of  fatigued 
animals  putrefies  much  more  quickly  than  that  of  unfatigued  ones. 

(II.)  Poisoning  by  Milk  and  Milk  Derivatives. — Milk  may 
become  infected  by  organisms  present  in  the  animal  from  which  it  is 
obtained,  or  by  organisms  after  its  removal  and  before  consumption,  and 
in  this  way  may  spread  diseases,  such  as  tuberculosis,  enteric  fever,  and 
probabty  those  zymotic  diseases  which  affect  children  more  especially  in 
the  summer  months  and  are  due  to  organisms  allied  to  the  Bacillus 
(lysenteriai  (Shiga).  It  is  possible  that  putrefactive  changes  occurring  in 
milk  may  also  be  responsible  for  the  symptoms  produced.  Dr.  Klein  (3G) 
has  shewn  that  pathogenetic  varieties  of  the  Bacillus  coli  communis  may 
occur  in  ice-cream.  Cultures  of  this  organism,  when  inoculated  in  small 
doses  into  rodents,  jiroduced  general  hmmorrhagic  septicaemia,  gastro- 
enteritis, peritonitis,  and  death  within  twenty-four  to  forty-eight  hours. 
The  organism  had  been  recovered  from  ice-cream  responsible  for  an  out- 
break of  gastro-enteritis  in  man.  This  organism  was  not  the  Bacillus 
enteritidis,  and  was  not  the  Bacillus  coli  communis,  though  it  closely 
resembled  it.  Dr.  Klein  (31)  has  also  detected  the  anaerobic  Bacillus 
enteritidis  sporogenes  in  eight  out  of  ten  samples  of  milk  subjected  to 
examination ; its  pathogenicity  to  rodents  was,  however,  variable.  He 
also  found  it  in  the  stools  in  infantile  diarrhoea  and  cholera  nostras,  and 
Dr.  Andrewes  has  described  epidemics  apparently  due  to  this  organism. 

Out  of  thirty-nine  samples  of  milk  from  different  counties  in  this 
country.  Dr.  Klein  (34)  found  that  ten,  i.e.  25'5  per  cent,  contained  the 
Bacillus  enteritidis  (Gartner) ; and  he  points  out  that  in  warm  weather  the 
organism  would  have  rapidly  increased  in  number  without  altering  the 
appearance  of  the  milk,  and  so  in  the  absence  of  sterilisation  of  the  milk 
this  oi'ganism  would  have  been  readily  capable  of  producing  infection  of 
the  individual  who  consumed  the  milk.  As  already  pointed  out  the 
toxin  of  the  Bacillus  enteritidis  is  not  destroyed  by  heating  for  a con- 
siderable time  to  1 00°  C.,  so  that  ordinary  methods  of  sterilisation 
would  not  have  rendered  such  milk  harmless. 

Drs.  Darra  Mair  and  W.  H.  Brook  have  described  an  epidemic  occur- 
ring in  Lincoln  which  simulated,  but  was  in  reality  quite  distinct  from, 
scarlet  fever.  This  epidemic,  apparently  due  to  milk  infection,  affected 
forty-three  people,  and  caused  the  death  of  one  from  septic  phlebitis, 
hemiplegia,  and  coma.  Drs.  Klein  and  Gordon  have  brought  forward 
evidence  to  shew  that  this  epidemic  was  due  to  a yeast  closely  related  to 
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Oldhim  albiatns,  though  not  identical  with  it,  and  they  have  given  it  tlio 
name  of  Succhuwiiii/Lvs  hoDiiuis.  The  yeast  was  obtained  by  culture 
from  three  swabs  out  of  the  seventeen  submitted  to  examination. 

l’(/i6oninij  hj  cheese  has  attracted  mnch  attention  since  the  remark- 
able outbreak  in  Michigan,  in  1883-4,  of  an  epidemic  which  was 
investigated  by  Vaughan.  He  was  able  to  separate,  by  means  of  extrac- 
tion by  ether  of  an  alkaline  watery  extract  of  the  cheese,  a crystallisablo 
substiuice  to  which  he  applied  the  name  tyrotoxicon — a term  previously 
used  to  describe  a poisonous  substance  suspected  to  be  in  cheese,  but 
not  separated  in  a pure  state.  Tyrotoxicon  has  also  been  found  in 
milk,  ice-cream,  and  custards.  Vaughan  considered  it  to  be  the  result 
of  putrefactive  changes  in  the  food,  but  has  not  been  able  to  discover 
the  organism.  Tyrotoxicon  is,  however,  a comparatively  rare  poison  in 
cheese;  and  in  1890  Yanghan,  having  failed  to  obtain  evidence  of  its 
presence  in  several  cheeses  known  to  be  poisonous,  carried  out  further 
investigations  which  led  him  and  his  collaborators  to  conclude  that  in 
certain  cheeses  a bacillus  occurs  which  belongs  to  the  colon  group  and 
contains  an  intracellidar  toxin.  He  found  that  this  toxin  is  not  destroyed 
by  such  extreme  heat  as  184°  C.,  and  is  capable  of  exerting  patho- 
logical effects  when  injected  into  guinea-pigs.  Obviously  this  organism 
is  not  the  Bacillus  coli  communis,  for  the  toxin  of  this  organism  is 
destructible  at  much  lower  degrees  of  temperature.  Possibly  the 
organism  discovered  by  Vaughan  really  belongs  to  the  meat-poisoning 
group  of  organisms.  Lochte  points  out  that  some  cases  of  cheese 
poisoning  are  due  to  infection  with  an  organism  allied  to  the  colon 
bacillus,  and  considers  that  in  the  remainder  the  symptoms  are  probably 
due  to  intoxication  by  the  products  of  this  organism.  Even  butter  has 
been  found  to  produce  symptoms  allied  to  milk  and  meat  poisoning, 
and  presumably  similar  organisms  are  responsible  for  such  effects.  It  is 
probable  that  in  poisoning  by  milk  and  milk-derivatives,  bacteria  are 
responsible  for  the  symptoms  either  directly  or  indirectly  through  the 
influence  of  their  toxins,  and  that,  as  in  meat  poisoning,  hesitation  to 
accept  this  origin  of  food  poisoning  has  been  caused  by  our  ignorance  of 
the  re.sistance  to  heat  of  the  various  toxins  concerned. 

HII.)  Poisoning  by  Fish. — What  has  been  said  about  milk  and  milk 
derivatives  applies  equally  well  to  fish.  The  name  of  ichthyotoxismus 
has  been  given  to  the  symptoms  produced  by  poisonous  fish.  According 
to  Ulrich,  fish  poisoning  may  be  due  to  the  infection  of  living  fish,  such 
as  sturgeon,  carp,  or  barbel,  by  the  Bacillus  j^'oteus,  or  the  food  may 
lie  infected  after  the  death  of  the  fi.sh  and  before  it  is  eaten.  Probably 
the  epidemic  of  malignant  oMcma  described  by  Sir  T.  Stevenson  was  due 
to  microbic  infection  of  sardines  iji  tliis  way.  In  some  cases  fish  have 
produced  toxic  symptoms,  and  the  organism  recovered  from  the  food  has 
been  recognised  as  the  Bacillus  paral/iphosus,  variety  B,  described  by 
Schottmiiller ; Stoll  described  an  epidemic  in  which  two  families  were 
affected ; .seven  people  fell  ill,  and  two  died.  Schottiniiller’s  organism 
was  recognised  by  Silberschmidt.  Other  cases  of  fish  poisoning  have 
von.  ir. — IT.  I 3 ic" 
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been  ascribed  to  the  Bacillus  hotulimis.  Salted  cod  occasionally  becomes 
red  in  colour,  and  is  then  found  to  be  very  toxic.  At  one  time  it  was 
thought  that  this  Avas  due  to  a chromogenetic  fungus,  but  Wurtz  states 
tliat  the  toxicity  is  due  to  the  action  of  bacteria  Avhich  flourish  more 
aljnndantly  in  the  presence  of  other  chromogenetic  fungi. 

Another  form  of  fish  poisoning,  howcA'cr,  depends  upon  quite  different 
factors.  The  roes  of  certain  fish  are  more  poisonous  at  the  spawning 
seasons  than  at  others.  This  is  avell  known  in  the  case  of  the  sardines 
caught  in  the  Antilles,  in  the  case  of  the  tunny  fish,  or  Spanish  mackerel, 
in  the  case  of  the  pike,  and  especially  of  the  barbel.  The  consumption 
of  the  ovary  of  the  barbel  gives  rise  to  a group  of  symptoms  simulating 
those  of  cholera,  hence  the  German  term  of  Barbencholera.  Sometimes 
the  muscle  of  fish  is  made  harmful  by  admixture  Avith  poisonous  organs 
derived  from  the  same  animal ; for  example,  various  species  of  tetrodon 
found  in  the  Japanese  and  Chinese  seas,  in  the  East  Indian  Archipelago, 
and  at  the  Cape,  are  especially  poisonous  if  the  flesh  be  contaminated 
Avith  the  liver,  stomach,  or  ovary ; a curari-like  substance,  fugin,  is  said 
to  be  responsible  for  this  effect.  Gunther  has  shewn  that  certain 
members  of  the  herring  tribe,  Avhich  ordinarily  possess  neither  poisonous 
flesh  nor  poisonous  organs,  become  harmful  Avhen  they  feed  on  certain 
coral  banks.  Fatal  gastro-enteritis  has  been  knoAvn  to  folloAv  the  con- 
sumption of  stich  fish  in  these  circumstances.  Petromyzon  fluviatilis, 
the  lamprey  or  “ Nine-Eyes,”  in  the  fresh  condition,  or  even  after  Avash- 
ing  or  boiling,  causes  symptoms  of  poisoning ; but,  if  first  treated  Avith 
salt,  the  animal  discharges  a large  amount  of  mucus  and  becomes  in- 
nocuous (Kobert). 

Shell- fish. — Very  considerable  interest  attaches  to  the  study  of 
bactei’ial  infection  following  the  consumption  of  certain  crustaceans, 
molluscs,  etc.  Symptoms  of  poisoning  are  knoAvn  after  eating  lobsters, 
shrimps,  crabs,  periAvinkles,  and  edible  snails.  Oysters,  too,  have  been 
considered  to  be  the  vehicle  of  typhoid  and  allied  diseases,  and  no  con- 
sideration of  food  infection  Avould  be  complete  Avithout  a reference  to 
the  grave  danger  of  mussel  poisoning.  It  is  stated  that  the  health 
of  mussels  can  be  materially  affected  by  unhealthy  surroundings,  such 
as  seAA'age  discharge ; and  it  has  been  stated  that  the  disturbance  of  its 
health  thus  induced  leads  to  the  accumulation  Avithin  the  liver  of  the 
mussel  of  certain  products  of  disturbed  metabolism.  It  was  formerly 
supposed  that  the  poison  of  mussels  Avas  of  purely  putrefactive  origin ; 
but  this  opinion,  and  the  one  Avhich  attributed  the  symptoms  to  copijer 
poisoning  are  no  longer  held.  It  must  be  admitted,  hoAvever,  in  the  light 
of  recent  researches  on  other  forms  of  food  poisoning,  that  the  explana- 
tion that  mussel  poisoning  is  due  to  metabolites  produced  in  the  mussel 
as  the  result  of  unhealthy  surroundings,  is  equally  unsatisfactory ; 
the  Avhole  subject  requires  thorough  re-investigation.  Our  present 
knowledge  dates  from  an  epidemic  of  mussel  poisoning  at  Wilhelms- 
haven,  reported  on  by  VirchoAv  in  1885,  in  Avhich  an  alkaloid  mytilotoxine 
Avas  separated.  E.  Salkowski  found  that  the  toxicity  of  the  mussels 
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was  due  to  an  organic  substance  soluble  in  alcohol  \ 5'3  nigin.  of  the  dried 
residue  of  the  alcoholic  extract  sufliced  to  kill  a rabbit  of  1 kilogramme 
in  much  the  same  way  as  curari  does.  Brieger  separated  this  substance, 
and  gave  it  the  formula  of  CuHjjXO.,.  AVolff  found  that  the  toxic 
substance  was  mainly  accumulated  in  the  liver.  Since  it  Avas  possible  to 
render  the  mussels  cpiite  harmless  by  exposure  to  fresh  sea-water,  and 
to  make  them  poisonous  again  bj’’  replacing  them  in  the  harbour  Avater, 
it  is  highly  probable  that  the  formation  of  mytilotoxine  is  due  to 
bacteria.  As  the  Bacillus  hotulinus  is  the  most  common  cause  of  so-called 
ichthyotoxismus,  it  has  been  suggested  that  mussel  poisoning  is  also  due 
to  this  micro-organism ; but,  as  AA*ill  be  seen  in  the  section  on  Diagnosis, 
there  are  strong  clinical  reasons  against  this.  Ostertag  concludes  that 
mussel  poisoning  must  be  considered  an  intoxication  sui  (jeneris. 

(IV.)  Vegetable  Poisoning. — Eeference  to  poisoning  by  vegetable 
products,  as  in  the  case  of  ergotism  or  pellagra,  Avill  be  found  elsewhere. 
It  is  obAAOus  that  tinned  meats  and  tinned  fruits  may  contain  ijoisons  of 
an  inorganic  nature  derived  from  the  metal  covers  enclosing  them.  [Vide 
“ Metallic  Poisoning.”] 

Potato  Poisoning.  — In  various  plants  lielonging  to  the  Solanacew 
there  occirr,  in  certain  circumstances,  tAvo  glucosidal  alkaloids — solanin 
and  solanein.  Solanin  is  very  similar  in  action  to  saponin,  and  occurs 
in  cabbages  and  green  fruits,  and  in  the  jackets  and  “ eyes  ” of  potatoes, 
especially  in  those  which  are  beginning  to  grow.  FoavIs  and  other 
domestic  animals  are  said  to  have  been  poisoned  by  these  parts  of  the 
plants,  and  by  the  Avater  in  Avhich  potatoes  have  been  cooked.  Although 
appjirently  characteristic  symptoms  occim  in  domestic  animals,  such  as 
paralysis  and  dilatation  of  the  pupil,  there  are  comparatively  feAv  reports 
of  potato  poisoning  in  man,  and  in  these  the  symptoms  have  been  mainly 
those  of  gastric  irritation.  Pfuhl  described  an  epidemic  of  poisoning, 
affecting  fifty-six  soldiers  belonging  to  a German  regiment,  due  to 
potatoes  that  had  begun  to  sprout.  Schmiedeberg  and  Meyer  have  sug- 
gested that  potato  poisoning  is  also  due  to  the  action  of  bacteria,  Avhereby 
the  amount  of  the  solanin  present,  normally  ‘064  gramme  per  kilo- 
gramme, is  increased  Avhen  the  potatoes  sprout  or  are  groAvn  only 
partially  covered  Avith  earth.  Weil  found  that  the  2Aercentage  of  solanin, 
is  increased  by  the  action  of  at  least  tAvo  of  the  thirteen  bacteria  he 
investigated — the  Bacterium  solaniferum  noncolorabile  and  the  Bacterium 
1‘olani/erum  coloraUle  — Avhereas  the  remaining  eleven  organisms  failed 
to  produce  any  increase  in  the  amount  of  solanin. 

Landmann  has  reported  an  epidemic  of  food  poisoning  folloAAung  the 
use  of  bean-.salad.  TAventy-one  people  Avere  affected  and  eleven  died. 
The  sjrmptoms  produced  Avere  remarkable,  and  suggested  the  action  of 
a nerve  poison  resembling  that  produced  by  the  Bacilhis  hotulinus. 
Indeed,  I..andmann  Avas  able  to  separate  the  B.  hotulinus  from  the 
fragments  of  meat  Avhich  had  been  incorporated  in  the  salad.  Dieudonne 
has  also  described  an  epidemic  of  jjotato  jjoisoning  in  Avhich  the  Bacilhis 
proteus  was  recovered. 
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It  is  not  easy  at  the  present  moment  to  say  whether  solanin  poisoning 
is  a reality  or  not.  There  are  some  reasons  to  believe  that  bacilli  other 
than  those  which  lead  to  an  increase  of  solanin  are  responsible,  even 
for  this  form  of  food  poisoning ; Dieudonn6  found  that  the  amount  of 
solanin  present  in  the  suspected  potatoes  was  only  '012  gramme  per 
kilogi'amme,  or  less  than  is  usually  found  in  harmless  potatoes,  and  yet 
the  symptoms  agreed  with  those  usually  ascribed  to  solanin  poisoning. 

Vegetable  products  have  been  shewn  to  harbour  the  Bacillus  coli 
communis  by  Drs.  Klein  and  Houston,  who  were  able  to  demonstrate 
it  in  wheat,  hour,  oats,  rice,  and  oatmeal  purchased  at  random  at  various 
establishments. 

Mushroom  Poisoning.  — The  symptoms  of  mushroom  poisoning,  or 
mycetismus,  have  been  variably  ascribed  to  idiosyncrasy,  to  the  acci- 
dental ingestion  of  inediljle  varieties  containing  intrinsic  poisons  such, 
as  phallin  and  various  other  toxic  substances,  and  to  the  development  in 
the  fungi  after  gathering  and  in  a variety  of  circumstances,  such  as 
putrefaction,  of  such  alkaloidal  bodies  as  muscarine.  These  etiological 
possibilities  seem  at  first  sight  reasonable  and  adequate ; but  a study  of 
the  symptoms  produced  by  the  experimental  introduction  of  the  various 
active  principles  which  have  been  separated,  and  a comparison  of  them 
with  the  symptoms  found  in  mushroom  poisoning,  shew  that  our  know- 
ledge of  the  etiology  of  mushroom  poisoning  is  unsatisfactory.  Nor  is 
the  influence  of  putrefactive  and  other  oiganisms  well  understood,  and 
little  attention  has  been  paid  to  the  possible  influence  of  axitolysis  in  the 
genesis  of  harmful  agencies,  quite  apart  from  mycotic  influence  and  the 
existence  of  natural  intrinsic  poisons.  Mr.  Worthington  G.  Smith  states 
that  it  is  believed  that  some  mushrooms  are  harmful  by  virtue  of  other 
parasitic  fungi  which  produce  changes  in  the  host ; thus  the  common 
edible  fungus  is  sometimes  attacked  by  the  Mycogona  alba. 

It  is  impossible  to  avoid  the  suggestion  that  possibly  in  all  cases  of 
mushroom  poisoning,  even  in  those  in  which  symptoms  ai’e  said  to  have 
arisen  as  a result  of  putrefactive  changes,  the  genuine  cause  of  the 
toxic  symptoms  is  the  accidental  inclusion  of  some  poisonous  fungus. 
It  is  remarkable  that  cases  of  mushroom  poisoning  are  not  more  common 
even  in  this  country  than  they  are,  considering  the  very  real  difficulty 
that  must  be  met  witli  in  distinguishing  poisonous  from  edible  varieties, 
and  the  very  toxic  nature  of  some  common  varieties  of  harmful  mush- 
rooms. 
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Mr.  M'ortliington  G.  Smith  states  that  no  reliance  can  be  placed  on 
the  colour  of  the  gills  as  a means  of  separating  the  poisonous  from  the 
edible  varieties.  It  is  more  important,  even  essential,  to  observe  the 
colour  of  the  spores ; frequently  the  colour  of  these  is  the  .same  as 
that  of  the  gills,  but  while  the  Colour  of  the  spores  is  constant,  that  of  the 
gills  varies  during  the  growth.  In  order  to  discover  the  colour  of  the 
spores,  he  recommends  that  the  cap  or  pileus  of  the  mushrooms,  which 
are  being  examined  with  the  object  of  distinguishing  the  Agaricus  camr 
pestris  or  Agaricus  arvensis  from  the  Agaricus  phalloides  or  Agaricus 
muscarius,  after  removal  from  the  stalk,  should  be  placed  on  a piece  of 
paper  or  glass  vuth  the  gills  lowermost ; in  a few  hours  the  spores  will 
have  fallen  off  and  have  formed  a coloured  pattern  of  the  gills ; the 
Avhite  spores  of  the  poisonous  varieties  form  a marked  contrast  to  the 
coloured  spores  of  the  edible  fungi.  Marasmius  oreades  is  readily  distin- 
guished by  its  habit  of  growing  in  the  familiar  “ fairy  rings,”  and  the 
Boletus,  INIorchella,  Helvella,  and  truffle  are  readily  distinguished  by  their 
respective  peculiarities  above  indicated.  It  is  recommended  to  scrape 
away  the  tubes  on  the  under  surface  of  the  Boletus  before  cooking.  The 
British  truffle  is  not  much  in  favour  as  an  article  of  food,  the  French 
representative,  Tuber  nielanosporum,  being  preferred.  It  is  universally 
agreed  that  it  is  quite  useless  to  depend  on  the  popular  methods  of  dis- 
tinguishing harmless  from  poisonous  mushrooms  ; appeal  must  be  made 
to  the  botanical  characters.  The  blackening  of  articles  of  silver  placed 
in  mushrooms  which  are  being  cooked  is  no  test  of  their  harmfulness ; 
nor  can  poisonous  mushrooms  be  rendered  innocuous  by  macerating  iii 
cold  water,  except  in  the  case  of  Agaricus  muscarius,  or  by  adding  salt, 
vinegar,  or  tannin.  Ponfick,  Bostroem,  Bohm  and  Kiilz  have  shewn  that 
Helvella  esculenta  when  fresh  contains  a poisonous  principle,  but  that 
washing  in  hot  water,  cooking,  or  even  drying  renders  it  innocuous. 
Most  mushrooms,  the  morel  in  particular,  become  very  dangerous  as  soon 
as  they  begin  to  putrefy. 

ToxicPrinciplesof  Mushrooms. — Muscarine. — This  alkaloid  was  discovered 
by  Schmiedeberg  and  Koppe  in  Agaricus  muscarius ; choline  also  was  found, 
and  amanitine  has  likewise  been  separated  from  the  various  amanitEC, 
and,  according  to  Robert,  is  identical  with  choline.  Another  alkaloidal 
body,  muscaridine,  was  separated  by  Schmiedeberg  ; but  this  is  identical 
with  pilz-  or  fungus-atropine,  which  had  previously  been  described  by 
Robert.  Muscarine  is  also  separable  from  other  fungi,  such  as  the  Agaricus 
pantherinus,  Boletus  luridus,  B.  saianas,  Itussida  emeiica,  and  Agaricus 
phalloides.  Considerable  interest  centres  arotind  the  effects  produced  by 
poisoning  by  muscEirine  as  compared  with  those  of  poisoning  by  Agaricus 
muscarius.  There  ;ire  strong  reasons  for  believing  that  the  poisonous 
effects  met  with  in  poisoning  by  Agaricus  muscarius  are  not  due  to 
muscarine,  or  at  most  in  part  onlj^ ; the  experimental  effects  of  muscarine 
poisoning  and  poisoning  by  Agaricus  muscarius  are  not  identical.  It  is 
generally  believed  that  Agaricus  muscarius  contains  other  toxic  principles 
which  are  responsible  for  the  symptoms  produced,  and  that  muscarine  does 
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not  exist  as  an  intrinsic  preformed  poison,  but  results  from  the  decom- 
position ot  neurine,  which  is  derived  from  the  lecithin  present  so  univer- 
sally in  vegetable  life.  A further  difficulty  is  that  muscarine  obtained 
from  Agaricus  muscarius  does  not  produce  effects  identical  with  the 
muscarine  derived  by  chemical  means  from  neurine  or  choline.  According 
to  Harmsen,  the  substance  described  by  him  as  fungus-toxin  is  responsible 
for  some  at  least  of  the  more  characteristic  features  of  mushroom 
poisoning,  especially  the  symptoms  which  suggest  alcoholic  intoxication. 
Fungus-atropine  or  muscaridine  has  also  been  supposed  to  neutralise  some 
of  the  effects  from  the  action  of  muscarine,  so  that  symptoms  of  muscarine 
poisoning  only  arise  when  such  neutralisation  is  inefficient. 

In  men,  subcutaneous  injection  of  muscarine  in  small  doses  produces 
profuse  salivation,  rapidit}'^  ■nuthout  subsequent  slowing  of  the  pulse, 
redness  of  the  face,  giddiness,  anxiety,  and,  according  to  some  authors, 
contraction  of  the  pupil,  or,  according  to  others,  dilatation.  All  observers 
agree  that  disturbance  of  vision  occurs,  especially  paralysis  of  accom- 
modation. Perspiration  of  the  face  and  slightly  of.  the  body  is  also 
noticeable.  After  large  doses  there  is  slowing  of  the  pulse,  vomit- 
ing, diarrhoea,  convulsions,  and  death  from  cessation  of  the  heart- 
beats. 

In  contrast  with  these  effects,  poisoning  by  mushrooms,  such  as  the 
Agaricus  muscarius,  produces  intoxication  with  all  the  initial  signs  of 
excitement,  including  dilatation  of  the  pupil.  Salivation,  vomiting, 
diarrhoea,  anol  slowing  of  the  pulse  may  be  entirely  absent.  Robert 
states  that  this  is  more  particularly  the  case  with  the  Fly-fungus  obtained 
from  Kamschatka  and  Siberia,  where  the  natives  use  the  fungus  as  an 
intoxicant.  The  Agancus  muscarius  of  Europe,  however,  produces 
symptoms  more  like  those  of  muscarine  poisoning — delirium,  dilatation 
of  the  pupil,  slow  pulse,  diarrhoea,  anol  vomiting. 

Fhalliii. — Robert  extracted  from  Agaricus  phalloides  a toxalbumin 
which  he  called  phallin.  This  substance  is  capable  experimentally  of 
exei'ting  a marked  hoemolytic  action.  Ford  has  shewn  that,  besioles 
phallin,  Agancus  phalloides  contains  another  active  substance  which  he 
calls  amanito-toxin.  Unlike  phallin,  amanito-toxin  is  thermostabile,  and 
rcsi.sts  digestion  by  pepsin  and  pancreatin.  According  to  Ford,  an 
experimental  injection  of  phallin  is  followed  l)y  subcutaneous  oedema 
and  hjemoglobinuria ; and,  as  a result  of  its  blood-laking  power,  gives 
rise  to>  pigmentation  of  the  spleen,  while  amanito-toxin  produces  hmmoi- 
rhages  and  fatty  degeneration  of  various  organs. 

Ilelvellk  Acid. — As  already  mentioned,  the  toxic  effects  produced  by 
the  consumption  of  fresh  Helvella  are  due  to  this  body  ; when  diied, 
this  fungus  Ijecomes  harmless  from  evaporation  of  the  acid,  but  it  must 
be  remembered  that  flrying  does  not  render  otlicr  poisonous  fungi,  such 
fis  Agaricus  jihallmdrs  and  Agaricus  muscarius,  harmless ; muscarine  does 
not  evaporate,  and  is  necessarily  still  ])resent  in  these  fungi  aftoi  the 
process  of  drying.  Helvcllic  acid  and  extracts  of  the  llclvclla  produce 
nan-sea,  vomiting,  hfemoglobinuria,  icterus,  suppression  of  iiriiic  (rarely), 
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and  nrremia.  Moreover,  cerebral  disturbances  may  also  occur,  recalling 
the  efl'ects  of  poisoning  by  Agaricns  phalloidcs  and  Agarkus  muscarius. 

Other  toxic  substances  have  been  separated  by  various  workers  from 
mushrooms,  but  the  three  mentioned  above  are  the  most  important. 
It  M'ill  be  seen  that  there  is,  still  considerable  room  for  a sharper 
differentiation  of  the  various  toxic  iDrinciples,  and  of  their  toxic  effects ; 
the  importance  and  real  significance  of  these  observations  must  be 
accepted  Avith  reserve,  for  the  various  toxic  substances  described  do 
not  appear  to  be  present  constantly  in  the  various  fungi  in  Avhich 
they  were  originally  detected.  This  discrepancy  harmonises  Avith  the 
considerable  variability  in  the  toxic  effects  of  mushroom  poisoning  in 
man.  Kobert  in  the  last  edition  of  his  Avork  admits  Avith  disappoint- 
ment that  he  no  longer  believes  phallin  to  be  a constant  or  even  frequent 
constituent  of  Agarkus  phalloicles. 

Pathological  Anatomy. — In  poisoning  by  foods  such  as  meat,  fish, 
milk,  and  the  deriA'atiA'^es  of  milk,  containing  organisms  belonging  to  the 
“ entcritidis  ” group,  the  morbid  changes  are  mainly  confined  to  the 
alimentary  tract  and  resemble  those  in  scAmre  gastro- enteritis.  They 
are  restricted  mostly  to  the  small  intestine.s,  Avhich  are  SAvollen  and 
hypera3mic ; the  SAvelling  being  particularly  marked  in  the  solitary 
follicles  and  Peyer’s  patches.  The  liver  may  sheAv  hyperasmia,  the 
spleen  enlargement,  and  the  kidneys  congestion  or  inflammation.  The 
animals  from  Avhich  the  harmful  meat  Avas  obtained,  such  as  cattle, 
calves,  pigs,  may  have  manifested  signs  of  septicaemia  depending  upon 
injury,  puerperal  infection,  and  there  may  be  CA'idence  of  inflammation 
of  the  uterus,  joints,  umbilical  vein  ; or  it  may  be  that  they  suffered 
from  enteritis  and  pulmonary  inflammation.  After  slaughter  the  Avarious 
members  of  the  Bacillus  enteritidis  group  have  been  found  in  the  sjfieen, 
liA’er,  glands,  lungs,  muscles,  and  other  parts  of  the  animals,  so  that  the 
use  of  these  particular  organs  as  food  is  especially  apt  to  be  folloAved  by 
epidemics  of  food  poisoning. 

The  lesions  produced  in  man  by  the  toxins  of  the  Bacillus  hotulinns 
chiefly  affect  the  central  nervous  system  and  the  salivary  glands.  Mari- 
ncsco  has  demonstrated  changes  in  the  antei'ior  horns  of  the  grey  matter 
of  the  cord  and  medulla,  especially  of  the  nuclei  of  the  cerebral  motor 
nerves — oculo-motor,  hypoglossal,  glosso-pharyngeal,  and  vagus.  Most 
of  the  organs  shcAv  a certain  amount  of  hypersemia,  Avith  small  haemor- 
rhages and  round-celled  infiltration.  Pneumonia  or  congestion  of  the 
lungs  has  been  a feature  in  certain  epidemics  of  meat  poisoning,  for 
example,  the  Middlesborough  outbreak  of  epidemic  pneumonia.  Occa- 
sionally mussel  poisoning  is  associated  Avith  gastro-intestinal  disturbance, 
and  then  the  stomach  and  intestines  sIicav  the  ordinary  signs  of  catarrh. 

There  may  be  little  or  nothing  discoverable  after  death  in  mushroom 
poisoning,  2Dossibly  becaAise  death  has  resulted  from  the  effects  on  the 
various  vital  centres  of  such  a toxin  as  fnngus-ati'Oiflne.  Mhen  gastro- 
intestinal sym2)toms  haAm  been  Avell  marked,  haemorrhages  into,  and 
erosions  of,  the  mucous  membrane  of  the  stomach  and  intestine  are 
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frequently  met  with.  The  po.st-niortem  clianges  seen  after  poisoning 
by  ^Iffaricus  muscarius  are  closely  allied  to  those  found  in  phosiihorus 
poisoning,  as  shewn  by  marked  fatty  change  in  the  liver,  heart,  and 
kidney.  Ford  shewed  that  similar  changes  followed  the  injection  experi- 
mentally of  amanito-toxin.  So  close  is  the  resemblance  to  phosphorus 
poisoning  that  confusion  is  very  possible. 

Symptoms. — The  manifestations  of  food  poisoning  naturally  depend 
upon  the  nature  of  the  bacillus  or  toxic  agent  ingested ; disturbance  of 
the  alimentary  tract  is  most  frequently  obsei’ved. 

I'he  period  of  incubation  varies  considerably  in  different  epidemics  of 
food  poisoning.  In  the.  present  state  of  knowledge  of  the  various 
epidemics  it  is  impossible  to  define  sharply  the  length  of  the  incubation 
following  the  ingestion  of  various  organisms.  All  that  can  be  said  is 
that  in  the  difterent  epidemics  the  period  has  varied  from  one  or  two 
to  eighteen  or  thirty  hours,  and  even  longer.  When  symptoms  arise 
immediately  after  the  ingestion  of  the  food  the  probabilities  are  that  the 
toxin  has  been  preformed  in  the  food,  for  example,  in  authentic  cases  of 
meat  poisoning  due  to  the  Bacillus  enteritidis.  In  botulism  the  onset  of 
symptoms  is  preceded  by  a somewhat  long  interval,  viz.  twenty-four 
to  thirty-six  hours. 

The  Symptoms  of  Food  Poisoning  by  Organisms  belonging  to  the  Ch'oup  of 
Bacillus  Enteritidis. — After  a varying  incubation-period  symptoms  arise 
which  recall  the  well-known  featimes  of  cholera  nostras,  cholerine, 
infective  diaiThma,  of  catarrhal  gastro- enteritis,  and  in  some  cases  of 
typhoid  fever.  The  onset  of  sj^mptoms  is  quite  sudden ; vomiting  may 
occur,  giddiness,  diarrhoea  accompanied  by  the  passage  of  jmllow  or 
blood-stained  offensiA'e  motions  and  great  thirst.  Sometimes  the  onset 
is  shewn  by  a rigor,  faintness,  muscular  weakness,  and  colicky  pains.  The 
temperature  may  be  raised  and  the  pulse  frequent  and  of  low  tension, 
^luscular  twitching  and  dilatation  of  pupils,  disturbance  of  A’ision 
and  drowsiness  may  be  present  and  give  the  case  the  aspect  of  the 
so-called  “ typhoid  ” state.  Albuminuria  and  suppression  of  urine  occur, 
as  Avell  as  roseolar,  erythematous,  herpetic,  or  urticarial  skin  eruptions. 
ConA'alescence  may  be  tedious,  and  delayed  by  relapses.  In  some  cases 
scurvy  is  simulated,  and  Andespread  petechise  occur.  The  A'arious  skin 
eruptions  may  be  folloAA’ed  by  extensiA'e  desquamation,  most  seA’ere 
on  the  palms  and  soles.  As  already  stated,  pneumonia  may  folloAv  the 
consumption  of  meat  infected  Avith  these  organisms. 

Symptoms  arising  from  Poisoning  by  Putrefactive  Organisms. — xVlthough 
decomposed  meat,  such  as  game  and  venison,  may  be  eaten  Avith  imininity 
in  moderate  amounts,  consumption  of  an  excessive  amount  of  such  food 
is  occa.sionally  folloAved  by  A'omiting,  diarrhcea,  colic,  fcACi,  gcnoi.d 
Aveakne.s.s,  and  cutaneous  eruptions.  These  symptoms,  hoAvcver,  are 
not  so  marked  as  in  poisoning  by  members  of  the  Bacillus  eideritidis 
group. 

The  symptoms  set  up  by  changes  in  food  due  to  the  action 
of  the  Bacillus  jrrotens  may  ajipear  twelve  hours  after  the  ingestion  of 
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the  food.  Schumburg  described  an  epidemic  of  poisoning  by  the  Bacillus 
proteus  affecting  thirty-four  people  out  of  a total  of  one  hundred  who 
had  partaken  of  infected  beef  sausages.  The  main  symptoms  were 
nausea,  profuse  diarrhoea,  and  drowsiness.  There  were  no  other  symptoms 
specially  referable  to  disturbance  of  the  nervous  system. 

Symptoms  of  poisoning  by  the  toxin  of  Bacillus  botulinus  may  be  so 
characteristic  as  to  make  a clinical  diagnosis  comparatively  simple ; but 
this  does  not  always  hold  good,  for  on  some  occasions  the  symptoms  are 
accompanied  by  those  of  gastro-enteritis,  so  that  some  other  form  of  meat 
infection  or  other  disease  may  be  suspected.  Van  Ermengem  states  that 
the  symptoms  of  true  botulism,  that  is  to  say,  those  resulting  not  merely 
from  poisoning  by  sausages,  but  by  any  form  of  food  infected  with  the 
Bacillus  botulinus,  are  easily  recognised.  Diarrhoea  and  vomiting  arc 
usually  absent,  or  are  only  slight  and  transitory,  while  obstinate  con- 
stipation and  retention  of  urine  are  prominent  features.  Usually  there 
is  no  fever  and  no  disturbance  of  consciousness.  The  characteristic  signs 
are  referable  to  disturbances  of  the  central  nervous  system  and  of  the 
various  secretory  glands,  the  former  shewn  by  partial  paralysis  of  muscles 
supplied  by  the  cranial  nerves,  resulting  in  double  vision,  ptosis,  dilata- 
tion of  the  pupils,  and  paralysis  of  accommodation,  the  latter  by  dryness 
and  redness  of  the  mouth  and  pharynx  ; ajahonia  and  dysphagia  are  also 
characteristic  features.  Death  results  from  involvement  of  the  medullaiy 
centres. 

The  symptoms  of  poisoning  by  milk,  cheese,  and  other  of  its  derivatives 
are  in  the  majority  of  cases  gastro-intestinal,  and  it  is  probable  that  in  the 
epidemics  occurring  after  the  use  of  milk  and  milk  products,  the  cause 
is,  as  already  explained,  some  organism  allied  to  the  group  of  B.  coli 
communis,  B.  enteritidis,  etc. 

In  some  cases  the  nervous  symptoms  suggest  atropine  poisoning — 
for  example,  dilatation  of  the  pupils.  Double  vision,  delirium,  and  lock-jaw 
also  occur,  symptoms  which  were  ascribed  by  von  Anrep  and  others  to  the 
effects  of  ptomatropine,  an  alkaloidal  body  which  has  been  found  in 
many  other  foods,  such  as  meat  sausages  that  have  undergone  putre- 
faction. AVe  are  quite  ignorant  of  the  special  organism  concerned  in 
the  development  of  this  poison,  but  it  is  more  than  probable  that  a 
true  Ijacterial  toxin  is  responsible  for  the  sym])toms. 

The  incubation-period  of  the  symptoms  in  the  Lincoln  epidemic  of  milk 
poisoning  (vide  p.  864)  amounted  to  twenty-four  to  thirty-six  hours.  A 
special  feature  was  intense  sore  throat  with  great  oedema  of  the  uvula,  and  the 
formation  of  a pseudo-membrane  on  the  tonsils.  There  was  considerable 
elevation  of  temperature,  but  the  pulse-rate  was  not  much  altered.  The 
tongue  was  furred,  and  an  eruption  occiu’red  in  29  cases,  twenty-four  to 
thirty-six  hours  after  the  onset  of  other  symptoms.  The  rash  resembled 
German  measles,  and  was  often  accompanied  by  much  itching.  It  generally 
apiiearcd  first  on  the  neck  and  chest,  but  occa.sionally  on  the  face ; desquama- 
tion followed  the  disappearance  of  the  rash.  Additional  features  were 
considerable  tenderness  and  swelling  of  the  cervical  glands,  stiffness  of  the 
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muscles  of  the  neck,  signs  of  gastric  disturbance,  and  pains  in  the  joints. 
Kecoverv  was  the  rnle,  and  took  place  in  about  a week. 

Professor  Kenwood  and  Dr.  Vincent  have  referred  to  a similar  out- 
break of  illness  aflecting  500  people,  apparently  due  to  milk.  Besides 
malaise,  they  also  noticed  veiy  marked  affection  of  the  tonsils  and 
cervical  glands,  as  well  as  high  fever,  headache,  abdominal  pains, 
vomiting,  hcemorrhagic  stools,  and  a measly  rash.  The  bacterial 
investigation  of  the  suspected  milk  gave  negative  results.  The 
occurrence  of  sore  throat,  rashes,  etc.,  has  been  noted  by  other  observers 
amongst  the  inmates  of  poor-law  institutions,  and  the  symptoms  have 
been  variousl}'  attributed  to  bacterial  or  other  infection  of  milk,  or  to 
the  presence  of  preservatiA'es.  Dr.  Mdnekton  Copeman  has  described 
“an  epidemic  skin  disease”  with  a death-rate  of  10  per  cent,  which  was 
possibly  due  to  the  action  of  preservatives ; for  in  some  cases  observed, 
direct  bacterial  infection  could  be  excluded  because,  as  in  the  Hendon 
cases,  the  amount  of  preservative  present  in  the  milk  would  have 
prevented  the  gi-owth  of  any  organisms.  The  presence  of  toxins  may, 
however,  explain  such  an  epidemic. 

Symptoms  of  Mussel  Poisoning. — Vaughan  and  Novy  have  grouped  the 
symptoms  of  mussel  poisoning  under  three  heads.  In  the  first  grou]> 
symptoms  indicate  simple  gastro-enteritis.  In  the  second  group  these 
sjTnptoms  are  exaggerated,  and  the  clinical  picture  is  that  of  cholera. 
In  the  third  group  the  symptoms  are  referable  to  the  nervous  system, 
and  include  a sensation  of  heat  and  itching,  dyspnoea,  lividity  of  the  face, 
and  paralysis ; coma  and  death  may  result.  On  other  occasions  such 
s3'mptoms  as  nausea,  vomiting,  various  paraesthesias,  muscular  feebleness, 
suppression  of  urine,  dilated  and  insensitive  pupils,  have  been  observed. 
Fever  is  usually  absent.  The  sj^mptoms  may  appear  soon  after  eating 
the  food,  or  be  delayed  several  hours.  Brieger  states  that  death  may 
follow  in  one  and  three-quarter  hours ; five  to  six  mussels  are  sufficient  to 
cause  poisoning  in  an  adidt. 

Symptoms  of  Poisoning  by  Fish. — The  use  of  the  term  ichthyotoxismus 
is  futile,  as  the  symptoms  appear  to  be  dependent,  not  so  much  upon 
the  food  being  fish,  as  upon  the  organisms  which  infect  it.  As  may  be 
gathered,  the  symptoms  are  such  as  have  already  been  described,  accord- 
ing as  the  infection  is  due  to  B.  hotulinus,  B.  protcus,  etc.  Diffuse 
scarlatiniform  rashes  so  familiar  after  the  consumption  of  mackerel, 
shrimps,  oysters,  are  probably  due  to  various  bacteria  and  their 
toxins. 

Special  reference  may  be  made,  however,  to  poisoning  by  fish  which 
has  been  contaminated  with  the  secretion  of  various  poisonous  organs 
pre.serit  in  the  same  animal.  Fugin,  the  poisonous  body  found  in  certain 
organs  of  the  tetrodon  of  the  Japanese  and  Chinese  Sea.s,  juoduces 
flisturbance  of  the  nervous  and  digestive  systems,  such  as  headache,  rest- 
le.ssness,  salivation,  vomiting  of  large  amounts  of  mucus  01  of  blood, 
paralysis,  cj'anosi.s,  dilatation  of  the  pupils,  and  death  from  djspiuea. 
80  potent  is  this  poi.son  that  it  ha.,  been  used  a.s  a means  of  committing 
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suicide.  The  gastric  form  of  fish  poisoning  known  to  the  Germans  as 
Barbencholei’a  is  characterised  by  frequent  loose  evacuations. 

The  Fdroniyzon  jiuviatilis  or  lamprey,  if  not  first  treated  lil^erally 
with  salt,  will  cause,  when  eaten  either  raw  or  cooked,  loose  blood-stained 
evacuations. 

Potato  Poisoning. — From  the  uncertainty  as  to  the  agent  really 
concerned  in  potato  poisoning  it  is  difficult  to  specify  the  symptoms 
that  may  be  considercil  characteristic  of  the  malady.  Amongst  the 
symptoms  which  have  followed  after  the  consumption  of  potatoes  or  food 
containing  potatoes  are  rigors,  fever,  headache,  giddiness,  abdominal  pain, 
cramps,  drowsiness,  diarrhoea,  and  vomiting  : such  a group  of  manifestations 
makes  it  A'ery  probable  that  the  true  cause  is  iiifection  of  the  food  by  an 
organism  capable  of  producing  a toxic  body,  though  it  is  conceivable  that 
solanin  may  play  a part  as  well. 

The  symptoms  of  mushroom  poisoning  have  already  been  referred  to, 
to  some  extent,  in  the  description  of  the  toxic  substances  separated  from 
jimrious  poisonous  mushrooms  (vide  87  0).  Robert,  adopting  Husemann’s 
grouping  of  the  symptoms,  describes  different  forms  of  mushroom  poison- 
ing or  mycetismus.  1.  Intestinal  form. — Almost  all  mushrooms  can,  in 
certain  circumstances,  give  rise  to  symptoms  of  gastro-enteritis,  and  some 
mushrooms,  such  as  Russrda  emetim,  are  constantly  liable  to  do  so,  but 
at  present  it  is  not  known  upon  what  substance  this  effect  depends.  In 
some  cases  the  enteritis  is  so  extreme  as  to  resemble  cholera — the 
“ choleraic  ” form  of  poisoning.  The  intense  diarrhoea  in  such  cases  is 
accompanied  by  severe  abdominal  pains,  cramp  in  the  legs,  intense  thirst, 
cold  clammy  sweats,  suppression  of  urine,  subnormal  temperature,  deliriixm, 
and  coma.  Usually  the  mild  forms  of  gastro-enteritis  come  on  almost 
immediately  after  the  ingestion  of  the  mushrooms,  but  the  choleraic  form 
may  only  supervene  after  the  lapse  of  several  hours.  According  to 
Dr.  C.  B.  Plowright  the  Ag.  phalloides  is  respon.sible  for  most  of  the 
cases  of  intestinal  mycetismus ; and  was  so  for  the  four  cases  observed 
by  him.  The  Helvella  is  also  a frequent  cause  of  this  form  of  poisoning 
abroad.  2.  The  cerebral  or  nervous  form  is  especially  common  after 
the  ingestion  of  Ag.  muscarius  and  its  ally  Ag.  pantherinus,  and  depends 
in  some  cases  not  upon  muscarine  but  upon  the  action  of  fungus-atropine 
and  various  toxalbumins.  The  common  symptoms  are  dilatation  of 
the  pupil  and  an  alternation  of  delirium  and  depression ; muscular 
cramps  have  also  been  observed.  As  already  observed  the  symjffoms 
following  the  consumption  of  Ag.  muscarius  sometimes  more  closely 
resemble  those  of  muscarine  poisoning,  as  shewn  by  contraction  of  the 
pupils,  salivation,  slow  pulse,  and  collapse.  3.  Hasmatogenous  Form. 
— ^Kobert  includes,  under  this  foi'm,  the  effects  which  he  originally 
described  as  due  to  the  action  of  phallin,  but  admits  that  the  evidence 
for  this  belief  is  based  more  on  experimental  than  upon  clinical  evidence. 

Diagnosis. — When  symptoms  arise  in  a number  of  people  imme- 
diately after  the  consumption  by  them  of  certain  foods  which  are  recog- 
nised to  be  possible  causes  of  food  lioisoning,  such  as  fish,  various 
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molluscs  or  tainted  food,  it  is  comparatively  simple  to  connect  the  illness 
with  the  proper  cause.  Naturally,  more  difficulty  will  be  met  with 
when  an  interval  elapses  between  the  taking  of  food  and  the  onset  of 
symptoms.  There  may  be  still  greater  difficulty  when  the  symptoms 
produced  are  referable  to  disturbances  of  the  central  nervous  system,  a 
possibility’  which  is  less  thoroughly  apprehended.  It  is  obvious  that 
when  symptoms  follow  the  ingestion  of  food  which  is  generally  con- 
sidered quite  hcU-mless,  and  which  when  eaten  is  free  from  oflensive 
odour,  and  to  all  appearance  quite  wholesome,  the  difficulties  are  exceed- 
ingly great. 

Dr.  Durham  has  pointed  out  that  unexplained  epidemics  may’  depend 
upon  contamination  of  food  by  the  organisms  of  meat  poisoning,  and 
that  in  such  cases  the  serum  reaction  may  establish  a correct  diagnosis, 
even  though  the  suspected  food  be  no  longer  obtainable.  Among  meats, 
those  rich  in  gelatinous  material  are  especklly’  prone  to  do  harm.  The 
addition  of  gra^’y’-stock  to  food  which  in  other  cases  has  proved  to  be 
quite  harmless  may  account  for  symptoms  of  food  poisoning,  for  gravy- 
stock  forms  an  admirable  medium  for  the  development  of  bacterial 
toxins. 

Botulism  and  mussel  poisoning  attack  the  central  nervous  system, 
but  the  onset  of  the  symptoms  in  the  two  cases  is  quite  different.  In 
mussel  poisoning,  according  to  Ostertag,  symptoms  may  develop  within 
less  time  than  the  limit  given  by  Brieger,  in  less  than  even  a quarter 
to  half  an  hour  after  eating  the  food,  and  death  may  ensue  within  a few 
hours.  The  graver  symptoms  are  not,  as  in  the  botulism,  ushered  in 
by  long  intervals  of  ocular  disturbance. 

Since  cases  of  combined  atropine  and  curari  poisoning  are  extremely 
rare,  it  is  unnecessary  to  do  more  than  point  out  the  similarity  between 
botulism  and  this  form  of  poisoning. 

Me<it  poisoning  may  occur  not  only  in  extensive  epidemics  but 
may  be  confined  to  one  or  ttVo  individuals,  and  in  this  event  the 
diagnosis  is  difficult.  But  as  the  outcome  of  Dr.  Durham’s  researches 
this  difficulty  has  been  largely  overcome,  for,  as  already  mentioned,  the 
agglutination  reaction  of  the  blood  of  individuals  suffering  from  meat 
poisoning  makes  it  possible  to  obtain  a certain  diagnosis.  By  this  means 
the  varieties  of  meat  poisoning  can  be  discriminated.  Dr.  Durham’s 
results  have  been  confirmed  by  de  Nobele  (21). 

It  is  hardly  necessary  in  this  article  to  discuss  the  numerous  proldems 
and  difficulties  involved  in  these  agglutination  tests,  nor  to  enter  into  the 
refinements  by  which  the  groups  of  organisms  known  collectively  as  the 
Budllun  enlerilidis  group  may  be  difierentiated.  It  may  be  said,  how- 
ever, that  these  differentiations  are  rendered  possible  by  the  use  of 
dilutions  of  various  .strengths  and  by  the  employment  of  experimental 
stjnirns. 

It  is  well  known  that  human  typhoid  serum  will  cause  agglutination 
not  onlv  of  the  typhoid  organism  but  also  of  the  BitciUns  rnkriiuhs  and 
its  allies;  but  the  degree  of  dilution  necessary  for  the  agglutination 
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of  the  latter  organism  is  much  lower  than  for  the  B.  typhosus.  In  the 
same  way,  an  individual  infected  by  any  of  the  varieties  of  the  B. 
cnteritidis  as  the  result  of  meat  poisoning,  will  usually  provide  a serum 
which  will  agglutinate  the  B.  enteritidis  in  higher  dilutions  than  would  be 
the  case  for  the  B.  typhosus.  Thus,  Dr.  Durham  was  able  to  shew  that  the 
particular  variety  of  meat-poisoning  organism,  isolated  from  the  liver  of  a 
patient  in  the  Hatton  epidemic,  was  agglutinated  by  the  serum  of  18 
surviv'ors  in  dilutions  of  1 in  100  to  1 in  1000,  whereas  the  typhoid 
bacillus  was  agglutinated  by  the  serum  of  5 of  these  18  suljjects  with  a 
dilution  of  1 in  100  ; marked  agglutination  with  B.  typihosus  was  given 
by  the  serum  of  all  the  cases  when  the  dilution  was  1 in  20. 

The  task  of  diagnosing  cases  of  meat  poisoning  would  thus  appear  to 
be  comparatively  simple.  For  instance,  the  patient’s  serum  would  be 
tested  against  the  typhoid  bacillus,  and  a diagnosis  of  this  infection 
would  be  excluded  when  the  dilution  necessary  for  agglutination  was 
low ; then  the  serum  would  be  tested  against  A'arious  members  of  the  B. 
enteritidis  grouj),  and  if  the  degree  of  dilution  at  which  agglutination 
occurred  was  very  high,  the  diagnosis  of  infection  by  this  organism 
might  be  confidently  made.  Unfortunately,  there  are  certain  difficulties 
in  the  way.  In  the  first  place  the  number  of  organisms  which  belong 
to  the  group  of  B.  enteritidis  is  large.  It  is  known,  however,  that 
these  organisms  fall  into  one  or  other  of  two  groups  possessing  dis- 
tinctive agglutination  reactions,  so  that  this  difficulty  is  not  a very 
great  one.  These  two  groups  are  separated  the  one  from  the  other 
purely  by  their  agglutination  reactions,  and  the  second  gi-oup  includes, 
besides  the  various  strains  separated  by  Dr.  Durham,  the  bacillus  of  hog- 
cholera  and  other  organisms,  separated  by  van  Ermengem,  de  Nobele, 
and  others.  Trautmann  has  grouped  together  a number  of  other 
organisms  which  are  morphologically  similar  to  B.  enteritidis  and  which 
yet  differ  in  agglutinating  power.  His  five  groups  include,  beside  the 
meat-poisoniiig  organisms,  the  two  types  of  the  paratyjihoid  bacillus,  the 
Bacillus  morbijicans  hovis  of  Basenau  and  others.  The  task  of  differen- 
tiating diseases  depending  on  these  similar  organisms  by  means  of 
different  serum  reactions  ma}'-  well  cause  dismay,  but  when  it  is  remem- 
bered that  all  conform  to  one  or  other  of  a few  common  types  of  serum 
reaction,  the  task  appears  much  simpler. 

The  second  difficulty  referred  to  above  is  that  the  serum  of  patients 
suffering  from  typhoid  fever  may  react  in  as  high  (even  higher)  dilution  on 
the  B.  enteritidis  as  upon  the  B.  typhosus.  The  researches  of  Dr.  Durham 
and  de  Nobele  have  shewn,  however,  that  these  difficulties  are  overcome 
by  an  appeal  to  the  use  of  experimental  serums.  Thus,  if  an  animal  be 
highly  immunised  with  the  B.  typhosus,  its  serum  will  react  in  much 
higher  dilution  (1  in  30,000)  on  the  B.  typhosus  than  upon  the  various 
members  of  the  group  of  B.  enteritidis  (1  in  2000).  The  same  means  ma3’’ 
be  used  to  differentiate  between  the  hog-cholera  or  Aertryke  group  of 
meat-poisoning  organisms,  and  the  other  group  of  meat- poisoning 
organisms  which  possess  an  agglutinative  reaction  like  that  of  the 
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bacillus  discovered  by  Giirtner  in  the  e2iideniic  at  Fraiikenhausen.  It  is 
also  {lossible  by  this  means  to  separate  the  B.  coli  communis  from  the 
meat-poisoning  organisms. 

Not  only  is  the  method  elaborated  by  Dr.  Durham  of  great  value 
in  distinguishing  the  various  forms  of  meat-jmisoning  organisms  the  one 
from  the  other,  and  in  differentiating  them  from  infections  by  other 
organisms  morphologically  similar  though  widely  different  in  their  patho- 
genetic effects,  but,  as  will.be  seen  under  the  heading  Prophylaxis,  it  can 
be  employed  to  diagnose  these  infections  in  animals  before  they  are 
slaughtered,  and  even  to  detect  the  infection  in  meat  exposed  for  sale. 

Dr.  Sidne\'  Martin  (46)  has  studied  the  agglutinative  power  of  the 
B.  proteus,  and  finds  that,  like  the  toxins  of  B.  coli  communis  and  of  B. 
typhosus,  the  proteus  toxin  leads  to  the  develo}Dment  of  an  agglutinin 
fairly  rapidly  and  in  comparatively  large  quantities.  Further  study  is 
required  on  the  specificity  of  the  agglutinating  reaction  of  the  proteus 
toxin  before  it  is  possible  by  this  means  to  set  at  rest  the  vexed  question 
whether  the  Proteus  vulgaris  is  merely  a harmless  ^putrefactive  organism 
or  one  which  is  seriously  concerned  in  the  subject  of  meat  poisoning. 
Dr.  Klein  (35)  has  shewn  that  the  serum  of  animals  and  of  human  beings 
affected  with  the  B.  enteritidis  sporogenes  does  not  develop  any  agglutin- 
ative property,  which  thus  makes  it  impossible  to  diagnose  such  infection 
by  serum  tests. 

The  diagnosis  of  mushroom  poisoning  may  be  very  difficult  if  the  symp- 
toms have  followed  upon  the  use  of  the  liquid  part  of  mushroom  food  ; 
and  Avhen  the  symptoms  occur  several  hours  or  even  days  after  the  eating 
of  mushrooms,  the  association  of  the  caiise  and  effect  may  be  overlooked. 
Fortunately,  in  many  cases  fragments  of  mushroom  are  discoverable  in 
the  vomit  and  dejecta ; in  suspected  cases,  examination  should  be  made 
of  the  gastric  and  intestinal  contents  for  remnants  of  the  fungus. 

The  Prognosis  in  the  various  forms  of  food  poisoning  depends  on  the 
nature  of  the  poisons  present  in  the  food.  The  mortality  in  epidemics 
of  food  poisoning  due  to  the  B.  enteiitidis  group  varies  considerably 
between  1 in  5 to  1 in  200.  In  mussel  poisoning  the  mortality  is 
higher ; 2 out  of  30  persons  affected  dying  in  one  epidemic  and  as  many 
as  1 in  3 in  another.  Botulism  has  a high  mortality,  death  occurring  in 
25  to  30  per  cent  of  the  cases.  Intoxication  by  the  products  of  the  B. 
f/roteus  is  not  as  a rule  followed  by  a fatal  result.  It  is  not  desirable  to 
quote  the  figures  of  the  mortality  follovdng  the  ingestion  of  such 
ptomaines  as  mytilotoxine,  tyrotoxicon,  iJtomatropine,  etc.,  until  thpe 
subjects  have  been  revised  in  accordance  Avith  the  great  change  Avhich 
has  taken  place  in  the  conception  of  food  poisoning  during  recent  years. 
In  musliroom  poisoning  prognosis  is  difficult,  as  it  dejjends  not  only  upon 
the  possible  idiosyncrasy  of  the  i)atient,  but  upon  the  amount  of  mush- 
room eaten,  the  comjdeteness  or  incompleteness  of  its  mastication,  and 
the  amount  of  toxic  princifdes  ])rcsent  in  the  food.  The  cjises  in  Avhich 
vomiting  and  diarrhtea  follow  quickly  after  eating  the  mushiooms  are 
naturally  more  favourable  than  those  in  which  the  synq)toms  come  on 
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some  considerable  time  later.  Yet  other  symptoms  may  develop,  even 
when  vomiting  and  diarrhoea  have  been  well  marked  and  prompt,  and 
they  may  supervene  several  hours  later. 

Treatment. — Prophylaxis. — Our  national  habit  of  cooking  all  meat 
much  more  thoroughly  than  in  certain  continental  countries  unfortunately 
does  not  obviate  all  risk  of  meat  and  fish  poisoning.  Since  the  endo- 
to.xins  of  the  B.  enteritidis  are  not  destroyed  even  by  boiling  at  100°  C. 
for  thirty  minutes,  cooking  sufiicient  to  kill  the.  organism  still  leaves  their 
endotoxins  intact  in  the  meat  derived  from  animals  infected  by  this 
group  of  organisms.  Infection  of  animals  by  these  organisms  may  be 
suspected  when  they  are  suffering  from  enteritis,  and,  by  means  of  the 
scrum  reaction,  freedom  from  infection  by  the  meat-poisoning  organisms 
can  be  ascertained  during  the  life  of  the  animal.  The  agglutination  test 
also  provides  a means  of  deciding  whether  meat  which  is  exposed  for 
sale  is  free  from  infection  with  the  meat-poisoning  organisms  belonging 
to  the  group  of  B.  enteritidis.  One  method  adopted  is  to  make  a culture 
from  the  depths  of  the  meat  under  examination  ; the  cultivation  tube  is 
exposed  from  eight  to  twelve  hours,  to  a temperature  of  25°  to  30°  C.  If 
bacterial  growth  occur  in  this  interval  the  meat  should  be  rejected. 
According  to  van  Ermengem  this  test  is  reliable  eight  days  after  the 
slaughter  of  the  animal,  and  even  though  the  meat  has  already  shewn 
signs  of  putrefaction.  A more  rapid  preliminary  test,  introduced  by  de 
Nobele,  depends  upon  the  fact  that  the  muscle-juice  obtained  from  the 
flesh  of  animals  infected  with  any  member  of  the  Bacillus  cnteiitulis  group 
is  capable  of  agglutinating  one  or  other  of  the  two  sub-groups  of  the 
meat-poisoning  bacillus  to  which  reference  has  already  been  made,  low 
dilutions  of  1 in  10  or  1 in  20  being  used.  The  muscle-juice  of  healthy 
animals  even  in  such  low  dilutions  as  1 in  1 will  fail  to  give  any 
agglutination.  The  result  may  be  worked  out  in  about  two  hours ; if 
negative,  the  slower  method,  described  above,  may  be  carried  out  as  well. 

The  essential  prophylactic  measures  against  food  poisoning  by  the 
simple  putrefactive  organisms  are  to  prevent  the  occurrence  of  their  growth 
by  storage  of  food  in  suitable  places,  such  as  ice-chambers  ; and  to  condemn 
all  food  which  does  not  appear  wholesome,  or  has  any  odour  of  putre- 
faction. The  B.  botulinas  causes  but  slight  odour,  or  none  at  all,  so 
that  food  infected  by  it  does  not  arouse  any  suspicion.  The  symptoms 
of  botulism  are  apt  to  occur  in  cases  in  which  various  forms  of  meat 
food  are  incompletely  cooked ; for  instance,  the  outer  parts  of  sausages 
may  reach  a high  temperature  during  cooking,  whereas  the  interior  may 
escape.  It  is  fortunate  that  a temperature  of  80°  C.  is  adequate  as  a 
means  of  destroying  both  the  B.  botulinus  and  its  toxin,  so  that  thorough 
cooking  would  thus  prevent  jioisoning  by  these  agents.  Symptoms  have 
only  arisen  when  infected  meat,  ham,  preserved  meat,  sausages,  salted 
fish,  have  been  eaten  raw  or  incompletely  cooked.  Frequently  such  raw 
food  becomes  poisonous  after  being  kept  some  weeks ; in  such  circum- 
stances if  the  meat  be  covered  with  gelatinous  material,  buttei’,  or  fat  Avhich 
serve  as  protectives,  every  opportunity  is  given  for  the  development  of 
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the  anaerobic  B.  botuliiius.  Ihiw  meat,  oven  when  eaten  just  after 
removal  from  a slaughtered  animal,  never  causes  the  symptoms  of 
botulism.  ^ an  Ermengem  recommends  that  all  meat  having  even  merely 
a rancid  smell  should  be  excluded  from  use.  Pickling  of  meat  in  a 10 
per  cent  solution  of  salt  will  prevent  the  development  of  this  organism. 
It  is  obvious  that  the  greatest  care  must  be  taken  in  the  storage  of  all 
articles  of  food  which,  as  shewn  above,  are  capable  of  providing  suitable 
media  for  the  growth  of  organisms.  In  all  cases  this  requirement  may 
be  largely  met  by  ordinary  domestic  cleanliness. 

Shell-fish,  such  as  mussels  and  oysters,  which  have  been  stored  in 
waters  contaminated  by  sewage,  as  shewn  by  the  presence  of  the  B.  coU, 
should  be  unhesitatingly  rejected.  It  will  be  remembered,  however,  that 
infected  bivalves  when  placed  in  the  open  sea  may  be  rendered  quite 
innocuous.  Shell-fish  are  so  often  eaten  raw  that  excessive  care  is  needed 
to  ensure  that  they  are  wholesome.  The  knoAvledge  that  mytilotoxine  is 
destroyed  by  boiling  with  potassium  carbonate  is  of  little  use  from  the 
practical  point  of  view.  It  is  known  that  simply  heating  mytilotoxine  to 
a temperature  of  110°  C.  does  not  destroy  its  poisonous  property. 

In  mushroom  poisoning  prophylactic  measures  are  all  - important. 
Many  of  the  accidents  in  this  country  have  occurred  in  children  and  young 
people  who,  out  of  ignorance,  have  eaten  mushrooms  which  are  usually 
avoided ; for  the  same  reason  mushroom  poisoning  is  more  common 
in  country  districts  than  in  towns,  where  inspection  is  more  critical. 
It  is  a well-recognised  ride  that  mushrooms  should  be  cooked  before 
being  eaten,  and  consumed  shortly  after  being  gathered ; and  that 
remnants  should  not  be  served  up  again  at  a subsequent  meal.  Mush- 
rooms should  be  well  masticated,  thereby  securing  more  prompt  digestion, 
and  so  obviating  an}'^  prolonged  stay  in  the  alimentary  canal  and  the 
possible  subsequent  formation  of  muscarine.  Mushrooms  Avhich  have 
putrefied  would  necessarily  be  rejected  as  articles  of  food,  and  mushrooms 
shewing  parasitic  invasion  by  other  fungi  should  be  discarded. 

Immediate  Treatment. — The  readiest  method  of  dealing  with  food 
poisoning  is  obviously  to  empty  the  alimentary  tract.  AYhen  symptoms 
arise  soon  after  ingestion,  and  if  vomiting  have  not  already  occurred,  an 
emetic  should  be  given  at  once,  either  of  a simple  form  such  as  salt 
and  water,  mustard  and  water,  or  zinc  sulphate,  or  an  injection  of 
apomorphine  hydrochloride  (.^'-jj^th  to  yVth  grain,  or  5 to  10  minims  of 
the  injectio  apomorphinaj  hypodermica)  guarded  by  a suitable  dose  of 
strychnine;  it  may  also  be  advisable  to  wash  out  the  stomach. 
When  a longer  interval  h;is  elapsed  since  the  suspected  food  was 
tjiken,  purgatives  should  be  given  in  addition  for  example,  an  ounce 
of  castor  oil  or  of  the  compound  mixture  of  castor  oil  with  5 to 
10  minims  of  the  tincture  of  opium,  or  3 to  5 grs.  of  calomel.  Diuretic 
mixtures  may  help  in  eliminating  the  poison  ; in  the  event  of  very 
profuse  and  painful  diarrhoea,  {)urgatives  should  bo  withheld  and  seda- 
tive mixtures  of  bismuth  and  opium  given  instead,  or  small  doses  of 
calomel,  or  of  hydrargyrum  cum  creta,  may  lie  given  at  frequent  intervals 
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to  assist  in  checking  intestinal  decomposition,  without  producing 
purgative  effects.  In  cases  of  severe  collapse  diffusible  stimulants  such 
as  ether  or  alcohol  may  be  used,  and  coffee  may  be  serviceable.  Infusion 
of  normal  saline  solution  under  the  skin,  or  intravenously,  vmuld  be  of 
further  help.  The  dietaiy  should  be  of  the  simplest,  and  consist  of  milk, 
broths,  and  jellies.  In  cases  of  collapse  and  coldness  of  the  extremities, 
brisk  massage  and  the  use  of  warm  baths,  hot  bottles,  and  hot  blankets 
may  also  be  necessary.  In  extreme  cases  oi  choleraic  diarrhoea  a hypo- 
dermic injection  of  morphine  should  be  at  once  administered.  If  the 
respiratory  function  threatens  to  cease  as  in  poisoning  by  certain  fish 
(tetrodon),  artificial  respiration  may  be  necessary. 

Pelzl  describes  three  cases  of  botulism  which  ended  in  recover3^  As 
the  muscles  of  the  oesophagus  were  paralysed,  it  was  necessary  to  feed  the 
patient  artificially  by  means  of  an  oesophageal  tube.  Irrigation  of  the 
bowel  was  also  carried  out,  and  pilocarpine  in  doses  of  to  ^ grain 
was  administered  by  the  mouth. 

Mushroom  Poisoning. — In  the  absence  of  any  methods  b}^  which  the 
toxic  symptoms  may  be  attacked  directly,  immediate  treatment  is  mainly 
symptomatic  and  of  the  same  character  as  that  already  described  for 
other  forms  of  food  poisoning.  The  notion  that  muscarine  is  largely 
responsible  for  the  symptoms  has  led  to  the  indiscriminate  use  of 
atropine  in  all  cases  of  mushroom  poisoning ; it  should  be  restricted, 
however,  to  these  cases  in  which  the  symptoms  are  really  suggestive 
of  muscarine  poisoning,  and  as  already  shewn  this  is  by  no  means 
universal ; in  other  forms  of  mushroom  poisoning  atropine  may  be 
decidedly  harmful,  for  example  when  delirium  is  present.  In  the 
choleraic  form  the  use  of  morphine  may  be  strongly  indicated. 

Causal  Treatment. — As  might  be  expected,  the  discoveries  which 
have  transferred  so  manj'^  examples  of  food  poisoning  from  the  domain  of 
the  chemist  to  that  of  the  bacteriologist  have  led  to  the  hope  of  a serum 
treatment  for  such  cases.  So  far  little  has  been  accomplished  in  this 
direction,  though  there  is  some  evidence  that  such  treatment  may  be 
possible  in  the  future. 

Dr.  Klein  (35)  was  able  to  shew  that  the  injection  of  guinea-pigs 
with  non-lethal  doses  of  B.  enteritidis  sporogenes,  so  far  from  leading 
to  the  development  of  immunity,  caused  them  to  be  more  susceptible 
to  the  organism.  Fischer,  working  on  the  organisms  of  the  meat- 
poisoning group,  was  unable  to  demonstrate  in  animals  subjected  to 
the  injection  of  large  amounts  of  cultures  of  these  organisms  any  trace 
of  development  of  antitoxic  or  of  bactericidal  properties,  although  the 
serum  of  such  animals  shewed  a high  degree  of  agglutinating  power. 
Dr.  Durham,  however,  found  protective  properties  as  well  as  aggluti- 
nating ones,  in  the  serum  of  animals  injected  with  the  strains  of  the 
meat-poiso)iing  organisms  concerned  in  the  Hatton  and  Chadderton 
outbreaks.  Kempner  has  succeeded  in  obtaining  an  antitoxic  scrum 
against  the  Bacillus  hotidinus  which  is  very  active  for  animals.  He 
shewed  that  this  serum  is  cajjable  of  rendering  animals  immune  to 
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subseiiuent  inoculation  or  feeding  with  the  B.  botulimi.%  and  that  the  senun 
is  not  only  preventive,  but  curative,  for  b}’  its  means  toxic  symptoms 
experimentally  produced  were  counteracted. 

H.  Batty  Shaw. 
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Brit.  Med.  Journ.  1904,  vol.  i.  p.  602. — 30.  Klein.  Ibid.  1881,  vol.  i.  p.  360. — 
31.  Idem.  Bep.  of  the  Med.  Officer,  Loc.  Gov.  Board,  1889-90,  p.  223. — 32.  Idem. 
Ihid.  1890-91,  249.-33.  Idem.  Ibid.  1895-96,  p.  197.-34.  Idem.  Ibid.  1896-97, 

p.  115.-35.  Idem.  Ibid.  1897-98,  p.  210.— 36.  Idem.  Ibid.  1898-99,  p.  333.— 
37.  Idem.  Ibid.  1898-99,  p.  338.-38.  Idem.  Trans.  Path.  Soc.  Bond.  1903,  vol. 
liv.  i>.  39. — 39.  Idem.  Ibid.  1904,  vol.  Iv.  p.  74. — 40.  Idem.  Ibid.  1905,  vol.  Ivi. 
p.  130. — 41.  Klein  and  Gordon.  Bep.  of  the  Med.  Officer,  Loc.  Gov.  Board,  1902-1903, 
p.  599. — 42.  Klein  and  Houston.  Ibid.  1899-1900,  p.  593. — 43.  Kobkkt.  Lehrbuch 
der  Intoxikalionen,  1906.— 44.  Bandmann.  Hyg.  Bundsch.  1904,  vol.  xiv.  p.  449.-45. 
Bevy.  Arch.  f.  exper.  Path.  u.  Phannak.  1894,  vol.  xxxiv.  p.  342. — 46.  Bochte.  Hyg. 
Bundsch.  1904,  vol.  xiv.  p.  144.-47.  Marinesco.  Bull.  soc.  debiol.  1896,  j).  989.-48. 
Martin,  Sidney.  Croonian  Bectures,  Brit.  Med.  Journ.  1898,  vol.  i.  pp.  1569,  1644  ; 
vol.  ii.  Dl>.  11,  73. — 49.  Idem.  Bej).  of  the  Med.  Officer,  Loc.  Gov.  Board,  1901-1902, 
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]905  54.  Pelzl.  JPien.  med.  Wchnschr.  1904,  vol.  xxxi.  p.  864. — 5.').  Pfuhl. 
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190(5,  vol.  liii.  p.  176. — 73.  Vaughan  and  Now.  Cellular  Toxins,  1903,  4tli  ed. — 
74.  Vincent.  Bnt.  Med.  Journ.  1904,  vol.  i.  p.  302. — 7.5.  Von  Jakscii.  Die  Ver- 
giftimgen,  1897,  p.  590. — 76.  Weil.  Arch.  f.  Hijg.  1900,  vol.  x.xxviii.  p.  330. — 77. 
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Guide  to  Sowerby's  Models  of  British  Fungi  in  the  Department  of  Botany,  British 
Museum,  Bond.  1898. — 80.  Zali’lachTa.  Bpitalnl,  1905,  vol.  xxv.  p.  459. 


To  Dr.  Sidney  JIartiu  and  Dr.  Herbert  Durham,  I am  indebted  for  much  kindly 
advice  and  help. 


H.  B.  S. 


GEAIN  POISONING 

By  Prof.  T.  Clifford  Allbutt,  M.D.,  F.R.S.,  and  Prof.  W.  E.  Dixon,  M.D. 

Pare  and  indeed  virtually  unknown  as  are  the  grain  intoxications  in  our 
own  country,  Ave  might  well  have  lieen  content  with  a brief  reference  to 
them.  But  the  pathological  interest  of  these  cases  is  very  great,  both 
from  a clinical  point  of  view  and  from  that  of  the  experimental  pathologist. 

The  damage  done  by  the  use  of  musty  grain  as  food  falls  upon  the 
nervous  system,  and,  above  all,  upon  the  medulla  and  spinal  cord ; more- 
over, the  influence  of  this  part  of  the  central  nervous  system  upon 
nutrition  is  in  no  disease  more  remarkable.  The  effects  of  vasomotor 
disorder  are  also  evident ; and  this  is  due  to  stimulation  of  some  portion 
of  the  vasomotor  mechanism  situated  probably  between  the  spinal  cord 
and  the  sympathetic  nerve -terminations  in  the  blood-vessels.  The 
parallels  between  the  effect  of  the  grain  poisonings  and  cei'tain  forms  of 
spinal  disease  more  common  in  this  country  are  also  very  instructive. 
That  Eaynand’s  disease,  acrodynia,  and  erythi’omelalgia  may  be  illus- 
trated by  the  events  of  grain  poisoning  is  indicated  hereafter.  There 
are  three  well-known  modes  of  grain  poisoning : Ergotism  ; Pellagra  > 
Lathyrism. 


Ergotism 

Synonyms. — Epidemic  Gangrene.  Germ.  Kriebelkrankheii 

Although  this  Avork  is  not  concerned  Avith  the  historical  aspects  of 
medicine,  yet  a very  brief  account  of  the  story  of  ergotism  may  not  be 
out  of  place.  Passing  over  the  conjectural  matter — such  matter,  for 
example,  as  the  possible  reference  to  ergotism  in  several  places  in  the 
Old  Testament ; or,  again,  in  Hippocrates  and  the  Arabians — Ave  come  to 
a pestilence  which  Avas  called  “ignis  sacer”  by  the  chroniclers  of  the 
tenth  to  the  twelfth  centuries.  This  grievous  disease  at  a later  date  Avas 
called  “St.  Anthony’s  Fire”;  but  under  this  name  certainly  more  than 
one  disease  Avas  included,  especially  erysipelas ; Avhich,  indeed,  Avas  prob- 
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ably  regarded,  even  by  the  physicians,  as  but  one  of  the  forms  of  tlie 
disease  we  now  know  to  have  been  ergotism.  Nomenclature  was  loose 
enough  in  the  twelfth  century.  That  St.  Anthony’s  fire  was  often 
ergotism,  at  any  rate,  is  almost  proved  by  a woodcut  reproduced  by  Dr. 
Ehlei-s,  from  Gersdorlf,  in  which  the  saint  is  adored  b}^  a man  who  has 
lost  his  right  foot ; while  his  left  hand,  which  he  raises  towards  the  saint, 
is  represented,  not  as  swollen,  distorted,  or  ulcerated,  but  as  burning  with 
a living  flame.  Gersdorff  entitles  his  chapter  “Von  dem  heyssen  Brand, 
den  man  nennet  sanct  Anthonius  fewr.”  St.  Martial  was  also  more 
or  less  concerned  with  the  pestilence.  S3'philis  and  gangrenes,  ulcers 
and  Avitherings,  were,  of  course,  confounded  Avith  ergotism  and  with  one 
another. 

The  ignis  sacer  of  Celsus  AA'as  an  acute  eczema ; that  of  Virgil  and 
Columella,  probably  malignant  pustule  (anthrax).  Pliny,  being  a closer 
observer,  describes  scA'eral  kinds  of  ignis  sacer.  Later  writers  took  the 
name  A'ariously  to  signify  malignant  pustule,  scarlatina,  scurvy  (Bateman), 
and  so  on.  Ehlers  says  that  to  Thuillier  belongs  the  honour  of  first 
detecting  the  part  played  by  ergot  in  the  tragedy. 

The  first  epidemic  Avhich  can  Avith  some  certainty  be  ascribed  to  ergot 
is  recorded  in  the  annals  of  the  convent  of  Xanten  on  the  Ehine  (1). 
The  gangrene  of  ergot  was  not  always  dry  ; it  is  here  stated  that 
“detestabili  eos  putredine  consumpsit,  ita  ut  membra  dissoluta  ante 
mortem  deciderent.”  A hundred  y'^ears  later  the  people  of  Paris  were 
flocking  into  the  churches  to  pray  for  cure  of  their  sufferings  from 
ergotism.  In  the  same  (tenth)  century  40,000  persons  are  said  to  haA'e 
died  of  the  “ feu  sacre  ” in  Aquitaine,  Limousin,  and  neighbouring  parts. 
“ The  cries  of  the  sufferers  Avere  piteous  j the  stench  of  their  limbs  Avas 
intolerable ; and  many  Avere  carried  off  in  a night.”  The  only  persons  to 
come  Avell  out  of  the  affair  Avere  the  clergy,  who  received  rich  donations. 
The  bishops  of  Aquitaine  carried  the  relics  of  St.  ^Martial  in  procession  ; 
Avhen,  indeed,  as  if  by  enchantment,  the  plague  ceased.  Ehlers  maliciously 
suggests  that  the  procession  took  place  in  the  late  spring,  at  Avhich  season 
the  poison  becomes  attenuated.  The  scourge  Avas  most  virulent  in  the 
end  of  the  eleventh  and  early  tAvelfth  centuries,  at  the  time  of  the 
Crusades.  The  harvests  Avere  bad  and  the  bread  discoloured.  Dauj)hin6 
Avas  HO  .smitten  that  Pope  Urban  the  Second  founded  a religious  order  at 
Vienne  devoted  to  St.  Anthony  ; an  order  to  bring  help  to  the  afflicted. 
There  Avere  several  hospitals  of  the  order  in  France.  That  at  Lvons,  as 
Kabelais  tells  us,  had  its  doors  painted  red,  emblematical  of  the  fire. 
Clermany,  Flanders,  Burgundy,  Denmark,  and  other  countries  sutlered 
heavily,  and  even  England.  Whole  districts  Avere  depopulated  as  if  by 
the  bubonic  plague.  The  English  epidemic  is  described  as  “an  epidemic 
erysipelas  Avhereof  many  died  ; the  parts  being  black  and  shrivelled  up. 

Hugh  of  Idncoln  is  saifl  by  his  chronicler  to  have  seen  many  avIio  had 
recovered  from  the  fire,  at  ^lont  St.  Antoine  in  Dauphim?.  lIoiiibl\ 

crip{)lcd,  their  health  Avas  nevertheless  thoroughly  restored  ; the  cripples 
were  of  all  ages,  some  lacked  a forearm,  others  a leg,  or  even  leg  and 
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thigh  up  to  the  groin  : all  these  stumps  were  soundly  healed.  To 
follow  this  woeful  story  through  the  thirteenth,  fourteenth,  and  fifteenth 
centuries  would  be  but  to  repeat  the  same  piteous  tale  of  poor  and 
ignorant  people,  the  sport  of  a malignant  fate  which  a word  of  warning 
would  have  averted  had  there  been  any  to  utter  it.  The  result  was 
devastation,  physical,  moral,  and  civil.  There  is  a grim  liumour  in  the 
story  that  the  priests  and  sextons  often  suffered  much,  as  the  folk  would 
pay  the  tithe  in  the  lightest  grain. 

The  evil  was  most  destructive  in  bad  harvests  and  times  of  famine ; 
but  after  the  middle  of  the  thirteenth  century  we  hear  less  of  the  sacred 
fire,  although  it  lingered  long  in  the  current  speech.  Dr.  Ehlers  quotes 
an  instance  from  Luther,  “ wie  die  trewen  erzte  thun,  wenn  das  heilige 
feir  in  die  bein  komen  ist.”  The  jalague,  however,  if  less  virulent  was 
by  no  means  stayed,  as  we  shall  see  presently ; and  the  medicine  books 
still  contained  elaborate  recipes  for  its  cure.  In  the  eighteenth  century 
there  was  an  epidemic  in  Denmark  (Holstein)  and  also  in  Norway. 

Slowly  science  did  for  these  miserable  peoples  what  the  saints  failed 
to  do.  The  Abb6  Tessier  formed  a good  judgment  of  the  conditions  likely 
to  promote  an  outbi'eak  (he  speaks  of  La  Sologne) : these  are  three — 
(i.)  That  the  district  was  damp  and  foggy ; (ii.)  That  the  vegetable 
products  were  ill-thriven  and  stunted;  (iii.)  That  the  inhabitants  were  in 
bad  health,  being  reduced  by  want  and  malaria. 

Thuillier  now  discovered  that  the  cause  of  the  plague  lay  in  the 
spurred  rye ; that  the  intensity  of  the  malady  is  in  proportion  to  the 
close  of  this  poison ; and  that  the  rye  is  spurred  in  damp  and  cold  seasons. 
Experiments  performed  on  animals  corroborated  and  clinched  the  other 
evidence.  Dodart,  in  the  year  1676,  was  commissioned  to  investigate  the 
nature  of  the  disease ; and  in  addition  to  previous  observations  he  dis- 
covered that  the  ergot  is  most  active  when  it  is  new,  and  loses  much  of 
its  virulence  as  it  grows  s-tale.  He  describes  the  symptoms  with  some 
care  and  accuracy ; to  these,  however,  we  shall  return  hereafter.  C.  N. 
Lange  gave  an  admirable  account  of  an  epidemic  of  ergotism  in  the 
cantons  of  Berne,  Lucerne,  and  Zurich,  in  1709.  He  speaks  of  the 
excruciating  pain  which  preceded  and  accompanied  the  gangrene ; in 
many  cases  and  epidemics  pain  was  absent,  but  it  was  usually  a terrible 
feature  of  the  medise\'al  crgotic  plague.  Lange  also  traces  the  pest  to 
ergot  in  a very  careful  way.  This  ei)idemic  spread  in  Dauphine  and 
Languedoc ; and  we  have  a full  account  of  it  in  the  archives  of  the 
Abbaye  St.  Antoine  at  Vienne.  The  ruthless  persistence  of  the  malady 
is  agaiii  noted,  the  victims  often  lieing  in  torture  for  six  months  or  more 
before  the  release  of  death.  The  physician  of  tlie  abbey  also  notes  the 
devouring  fire  which  burns  the  affected  parts,  cold  as  they  appear,  with 
intolerable  pains.  He  describes  the  gangrene  as  of  the  black  and  dry 
variety  ; but  another  doctor  of  the  abbey  saw  many  cases  in  which  the 
gangrene  was  not  altogether  dry,  but  suppurating,  stank  horribly,  and 
was  filled  with  worms.  Four  hundred  parishes  in  this  part  of  France 
were  attacked — men,  women,  and  children  indiscriminately. 
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In  1746-47  there  was  a terrible  outbreak  in  Sweden,  liiissia,  Sologne 
again,  les  Landes,  Artois,  Flanders,  and  other  places.  In  this  epidemic 
piin  was  most  violent ; so  that  the  fire  in  the  limbs  drove  the  victims 
hither  and  thither — some  in  their  agony  hurling  themselves  against  the 
walls  or  even  into  the  water.  Those  grievously  attacked  generally  died ; 
those  who  survived  became  blind,  dumb,  or  demented.  Salerne  experi- 
mented with  the  poison  on  pigs,  ducks,  and  fowls ; and  the  animals  died 
of  gangi’ene.  He  corroborated  the  stiitement  that  the  fresh  ergot  was 
the  most  virulent,  and  that  after  some  months  it  sweated  and  lost  its 
poisonous  properties.  About  this  time  Linnaeus  led  observers  into  error 
by  alleging  that  the  malady  was  due  to  the  radish  (raphanus) ; and  thus 
his  authority  led  to  the  name  of  raphania  for  ergotism.  It  does  not 
appear  that  Linnaeus  had  ever  visited  the  ravaged  districts ; and  it  has 
since  been  shewn  that  the  raphanus  is  never  poisonous.  Later  in  the 
eighteenth  century  there  were  many  severe  outbreaks  in  many  parts  of 
Eiu'ope ; one  of  them  (small  in  extent)  in  Suffolk.  An  observer  in 
one  afflicted  district  found  an  average  of  twenty  spurred  grains  in 
each  handful.  Wagner  reported  one-fifth  of  a bulk  of  rye  to  be  spurred ; 
and  Bryce  says  that  10  per  cent  of  the  meal  might  consist  of  ergot. 

Ergotism  has  by  no  means  ceased  in  Europe : it  is,  however,  almost 
confined  to  the  Enssian  Empire,  in  many  parts  of  which  it  seems  to  be 
still  endemic.  Speaking  generally,  a better  knowledge  of  the  causes  of 
the  disease  and  of  its  treatment  has  lightened  the  weight  of  the  plague. 
Still  many  and  grave  cases  are  seen  ] and  during  the  last  century  many 
epidemics  in  many  parts  of  Europe  have  been  described.  The  year  1845 
seems  to  have  been  very  fertile  in  ergotism:  in  1881  there  was  a great 
outbreak  in  Ekaterinoslav ; and  in  1883  a like  outbreak  occurred  in 
Tomsk — out  of  300  patients  36  died. 

The  convulsant  form  of  ergotism,  which  does  not  produce  such  highly 
characteristic  effects  as  the  gangrenous,  has  not  received  the  same 
historical  recognition  as  the  latter.  Our  first  account  dates  from  the 
si.xteenth  century  ; and  it  is  particularly  noteworthy  that  the  descriptions 
of  epidemics  of  convulsant  ergotism  come  from  countries  which  have 
been  less  frequently  the  seat  of  the  gangi’enous  form,  and  not  from 
France,  where  the  latter  form  of  the  disease  has  been  most  prevalent 
from  the  earliest  to  modern  times.  The  gangrenous  and  the  convulsant 
forms  have  always  had  almost  entirely  distinct  areas  of  distribution,  each 
disease  appearing  time  after  time  in  its  own  territory  as  a widespread 
ex>idemic.  In  only  a few  epidemics  have  both  forms  been  observed 
together. 

To  avoid  detaining  the  reader  by  a description  of  the  most  recent 
and  therefore  most  scientifically  described  epidemics,  we  content  our- 
selves by  giving,  in  the  list  of  referencc.s,  the  titles  of  the  most  iinpoi  taut' 
of  the  reports  and  studies  of  recent  years. 

Causation, — Ergotism  is  due  to  one  or  more  poisons  which,  under 
certain  condition.s,  arc  elaborated  by  the  fungus  Claviceps  puij)uie.i, 
remoter  causes  arc  starvation,  misery,  and  ill-health.  I.pidomics  thii\o 
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only  under  conditions  which  are  favourable  to  the  growth  of  this 
parasite ; that  is,  after  a damp  season,  and  particidarly  in  jmars  when 
a hot  and  dry  summer  has  followed  a very  rainy  spring,  especially  Avhen 
the  grain  has  been  grown  in  marshy  districts  and  in  the  shade.  Ergot 
affords  one  of  the  most  noteworthy  examples  of  a plant  which  elaborates 
different  substances  according  to  the  climatic  and  other  conditions  under 
which  it  is  grown.  Papaver  somniferum  grown  in  Turkey  yields  an 
opium  very  rich  in  morphine,  but  in  the  British  Isles  the  same  plant  jwo- 
duces  an  opium  containing  a mere  trace  of  the  alkaloid.  And  so  it  is  with 
ergot;  unless  the  ergot  is  grown  under  certain  conditions,  and  these 
have  not  yet  been  precisely  laid  down,  it  elaborates  little  or  none  of  the 
active  principles  to  which  its  medicinal  virtues  and  poisonous  properties 
are  due.  The  cause  of  the  inactivity  of  so  much  of  the  modern  ergot  is 
no  doubt  to  be  found  in  the  improved  conditions  under  which  rye  and 
other  cereals  are  now  grown.  Grain  is  now  brought  into  Europe  from 
America,  India,  and  other  parts,  competition  is  more  acute,  and  so  the 
plants  arc  sown  in  Europe  only  upon  suitable  ground,  which  in  most 
cases  is  properly  prepared  and  drained.  These  conditions  are  not  very 
favourable  for  a free  growth  of  ergot,  and  the  fungus  is  apt  to  lose  its 
power  of  producing  the  poisonous  constituents  of  the  plant.  These  con- 
siderations indicate  the  reason  for  the  decline  of  epidemic  ergotism ; rye, 
which  is  the  commonest  cereal  attacked  by  ergot,  is  eaten  l>y  man  less 
than  formerly  ; ergot  is  less  prevalent,  and  what  there  is  tends  to  be  less 
active. 

That  our  knowledge  of  the  composition  of  ergot  is  in  a very  un- 
satisfactory condition  is  principally  due  to  the  instability  of  its  active 
principles.  The  active  bodies  so  far  separated  do  not  crystallise,  and 
have  no  characteristic  chemical  reactions;  it  is  probable  that  they 
have  not  been  isolated  in  a pure  condition.  The  most  reliable  work  has 
been  done  by  Robert  and  Jacoby ; as  a I’esult  of  their  researches  three 
gi’oups  of  bodies  have  been  isolated.  First,  ergotinic  acid,  a nitrogenous 
glucoside  with  the  properties  of  the  sapotoxins,  is  a gastro-intestinal 
irritant,  but  is  not  absorbed  when  taken  by  the  mouth,  so  that  be}'ond 
causing  some  vomiting  and  diarrhcea  it  is  not  likely  to  lead  to  evil  effects. 
A second  substance,  cornutine,  which  is  jirobably  a mixture  of  several 
alkaloids,  has  an  action  resembling  that  of  picrotoxin,  and  produces  its 
effects  by  excitation  of  the  central  nervous  system,  more  especially  the 
medulla.  In  poisonous  doses  cornutine  produces  clonic  convulsions.  The 
third  has  been  termed  by  Robert  sphacelinic  acid ; according  to  Jacoby  it 
is  a mi.xtui'C  : he  has  isolated  a nitrogen-free  resin  sphacelotoxin  which  ho 
regards  as  the  active  principle  or  the  gangrene- producing  substance. 
This  body  does  not  exist  free  in  the  crude  ergot,  but  is  combined  with 
ergochrysin  as  chrysotoxin,  or  with  an  alkaloid  secaline  as  secalintoxin. 
Sphacelotoxin  increases  the  tonus  and  peristaltic  movements  of  most  of  the 
plain  muscle  throughout  the  body,  especially  of  the  vessels,  which  become 
so  intensely  constricted  that  stasis  may  occur  in  certain  of  the  peripheral 
parts  of  the  circulation.  The  vaso- constriction  is  associated  with  the 
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pouring  out  of  a hyaline  substjvnce  that  more  or  less  completel}'  blocks 
the  smaller  vessels,  and  results  in  peripheral  gangrene ; the  walls  of  the 
larger  arteries  become  thickened,  and  their  lumen  is  diminished.  The 
action  of  sphacelotoxin  is  certainly  not  peripheral,  for  we  have  frecjuently 
shewn  that  perfusion  of  the  drug  through  isolated  vessels  never  leads  to 
diminution  of  their  calibre ; according  to  Dr.  Dale  it  corresponds  with 
an  excitation  of  the  cranial  and  sacral  autonomic,  and  also  of  the  true 
sympathetic  nerve-supply  to  all  organs  containing  plain  muscle. 

There  is,  therefore,  reason  to  believe  that  the  two  varieties  of 
ergotism,  the  gangrenous  and  the  convulsant,  are  caused  by  the  varying 
amount  of  the  two  constituents  cornutine  and  sphacelotoxin  present  in 
the  ergot. 

In  the  case  of  ergot,  as  of  some  other  poisons,  certain  persons  are 
said  to  be  peculiarly  susceptible  to  its  effects,  and  medicinal  doses  of 
ergot  have  been  followed  by  severe  poisoning.  An  explanation  of  this 
is  no  doubt  to  be  found  in  the  extreme  variability  of  strength  of  the 
extracts  of  ergot.  We  have  pointed  out  elsewhere  that  by  far  the  greater 
number  of  these  at  present  on  the  market  are  quite  valueless,  in  that  they 
possess  little  or  no  power  of  constricting  vessels  or  exciting  the  uterus  to 
contract  Occasionally,  however,  a very  active  sample  maj^  be  met  with, 
and  it  is  suggested  that  the  rare  cases  of  poisoning  which  have  been 
described  after  the  administration  of  medicinal  quantities  of  ergot  are 
caused  by  the  use  of  such  a sample.  There  is,  however,  evidence  that 
some  persons  are  more  susceptible  to  ergot  than  others,  because  not 
infrequently  during  epidemics  of  ergotism  some  members  of  a stricken 
family  escape ; other  patients  are  sporadically  victims  in  the  midst  of 
general  immunity.  Again,  those  persons  must  suffer  first  and  chiefly 
who  are  mainly  or  altogether  dependent  on  the  diseased  corn  for  food. 
Thus  cattle  died  first  in  some  epidemics ; and  those  labourers  whose  food 
was  but  bread  and  water.  So  long  as  milk,  cheese,  or  meat  fonned  part 
of  the  diet  the  peasant  suffered  less  severely  or  not  at  all.  The  proi^rietor 
who  dressed  his  own  corn  Avas  better  protected  than  the  workmen  Avho 
had  to  take  their  corn  from  the  miller,  Avho  bought  the  cheapest  gi'ain  he 
could  get. 

Pathology. — The  sensory  nerves  are  paralysed,  but  it  is  uncertain 
whether  the  action  be  central  or  peripheral  (Brunton).  The  muscles  and 
motor  nerves  are  unaffected.  Dr.  Mitchell  Bruce  says  that  the  posterior 
columns  of  the  cord  shew  sclerosis  somewhat  resembling  that  of  tabes 
dorsalis.  The  arteries  are  thrown  into  a state  of  contraction,  producing 
a rise  of  blood-pres.sure.  In  some  measure,  however,  this  rise  is  due  to 
stimulation  of  the  va.somotor  centre  in  the  bulb,  although  the  main  action 
is  on  sympathetic  nerve-cells  ; none  of  the  action  is  peripheral  on  the 
vessels.  In  the  constricted  and  thrombosed  arterioles  a glutinous  matter 
(decolorised  plasma  1)  is  found,  and  the  Avails  of  the  vessels,  either  jirimarily 
or  .secondarily,  undergo  a hyaline  degeneration,  especially  of  the  tunica 
intima.  The  blood  drawn  during  life  is  dark  and  viscous.  After  death 
the  alxlominal  viscera  arc  found  “ii. flamed  (lirunton);  and  the  lungs 
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rare  always  in  a state  of  congestion.  Ehlers  repeats  the  serious  warning, 
therefore,  against  the  use  of  ergot  in  enteric  fever,  in  which  disease  it 
may  do  fatal  mischief.  The  uterus,  intestines,  and  Idadder  are  tetanically 
contracted,  and  the  continuous  medicinal  use  of  ergot  is  apt  to  do  grave 
harm. 

The  detection  of  ergot  in  flour  is  thus  performed  : — a small  quantity 
of  the  sample  is  mixed  with  ether,  and  a few  crystals  of  oxalic  acid  are 
added  ; if  the  liquid,  after  being  boiled  and  allowed  to  become  clear, 
exhibit  a red  tinge,  ergot  is  present  in  the  sample  (Bottger). 

Symptoms. — Ergot  may  prove  fatal  by  acute  intoxication  or  by  slow 
torture.  It  may  occur  in  two  chief  forms  at  least,  the  spasmodic  or 
convulsive,  and  the  gangrenous — the  variation  being  probably  due  to  the 
variable  quantities  of  two  or  more  poisonous  principles  in  the  spur.  In 
the  acute  form,  which  is  more  common  in  children,  heaviness  of  the  head, 
giddiness,  depression  of  spirits,  and  formications  may  pass  rapidly  into 
colic,  tympanites,  clonic  and  tonic  cramps  (Krummekrankheit),  precordial 
anguish,  violent  vomitings,  purging,  and  stupor,  Avith  or  Avithout  con- 
vulsions (epilepsia  epidemica) : if  death  ensue  in  one  or  tAAm  days,  as  is 
not  infrequent,  the  seizure  is  not  unlike  cholera,  but  Avith  a more  clouded 
sensorium.  A vesicular  eruption  has  been  seen  in  some  cases.  If  con- 
valescence folloAv  an  acute  attack,  Avhich  is  a rare  result,  it  is  very  tedious 
and  imperfect,  broken  I37  relapses,  and  dogged  in  after-time  by  such 
sequels  as  epilepsy,  weak-mindedness,  cataract  (Taube,  Meier,  Graefe), 
and  many  other  misfortunes.  The  gangrenous  form  may  also  set  in  AAuth 
terrible  vehemence,  though  of  course  for  tlie  destruction  of  the  limbs 
more  time  is  required.  The  agonising  pain  may  penetrate  the  affected 
limb,  or  limbs,  like  a fire ; but,  on  the  other  hand,  there  may  be  no  pain. 
An  erysipelatous  IaIusIa  may  precede  lividity  ; but  usually  it  is  absent,  and 
the  lividity  passes  into  darkness  or  blackness.  As  a rule  the  gangrene 
is  dry ; but  moist  gangi’ene  is  seen  occasionally.  An  inflammatoiy  band 
marks  off  the  dead  part,  Avhich  separates  Avithout  haemorrhage,  klore 
than  one  limb  may  be  affected ; and  part  after  part,  until  the  body  and 
viscera  are  invoh'ed,  and  death  ends  the  ruthless  course  of  the  disease. 
At  first  the  blood-pressure  is  raised : the  radial  artery  is  felt  to  tighten 
from  day  to  day,  and  the  pulse  becomes  very  small ; as  the  disease 
advances  it  becomes  almost  or  quite  imperceptible.  When  the  mischief 
is  arrested  at  an  earlier  stage,  and  the  poor  sufferer  recovers,  he  is 
probably  cripjiled  by  the  loss  of  hand,  foot,  or  limb. 

The  malady  may  pursue  a A^ery  chronic  but  not  less  pitiless  form, 
Avhen  all  the  symptoms  iuA'ade  the  body  A'ery  gradually.  The  erysipela- 
tous skin  may  die  first  and  become  detached  like  the  slough  of  a snake. 
Again,  there  may  be  a mixture  of  the  spasmodic  and  gangrenous 
symptoms  in  the  same  patient. 

In  mitigated  attacks  there  may  be  little  more  than  heaA'iness  of  the 
head,  melancholy,  some  creepings,  and  slight  tonic  contractions  of  the 
legs ; the  appetite  may  not  fail,  and  the  paresis  ma)'  not  go  beyond 
anaesthesia.  In  this  stage  it  is  not  uncommon  for  patients  to  be  so 
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anaesthetic  as,  for  example,  to  sew  a finger  to  needlework.  It  is  a good 
sign  when  the  creeping  returns ; an  irritation  may  folloAv,  annoying 
enough,  but  welcome,  as  in  recovery  from  frost-bite ; heat  returns  to 
the  cold  limb,  and  the  characteristic  pallor  of  the  face  gives  place  to  a 
freshening  tint.  These  recoveries  are  more  common  in  the  spring  and 
early  summer  before  the  new  grain  comes  into  use,  and  as  the  old  spurs 
are  losing  their  virulence. 

Diagnosis. — Ergotism,  only  too  easily  recognised  in  times  of  epidemics, 
may  not  readily  be  detected  in  sporadic  and  mitigated  cases.  Ehlers 
does  not  hesitate  to  raise  the  whole  question  of  the  relation  of  other 
diseases  marked  by  ischaemia  of  the  extremities  to  ergotism  ; such  as 
acrodynia,  Eaynaud’s  disease,  and  erythromelalgia.  As  to  acrodynia, 
Ehlers  unhesitatingly  attributes  the  cases  described  by  Rajmr  to  ergot. 
The  disease  arose  spontaneously,  appeared  epidemically,  and  in  damp 
seasons.  The  symptoms  certainly  presented  the  characters  of  ergotism. 
Ehlers  alleges  that  ergotism  and  Raynaud’s  disease  arise  at  the  same 
season  ; that  Raynaud  was  mistaken  in  supposing  that  ergotism  respects 
certain  ages  or  one  sex;  and,  finally,  that  the  cases  Nos.  9,  12,  and  15 
of  Raynaud  were  certainly  ergotism.  No.  9 and  No.  12  were  in  patients 
who  ate  rye  habitually.  In  the  young  woman.  No.  15,  a gramme  and 
a half  of  ergot  had  been  administered  in  her  confinement  three  days 
before  the  symptoms  began.  Robert  relates  a case  in  which  sixty 
centigrammes  of  ergot  caused  gangrene  in  a woman  shortly  after  con- 
finement, and  death  a month  later.  In  other  cases  Ehlers  hints  that 
young  women  may  forget  to  inform  their  medical  adviser  that  they  have 
been  taking  ergot,  even  if  they  were  aware  of  the  contents  of  some 
medicine  taken  for  abortion.  Other  cases,  he  thinks,  were  too  indefinite  in 
character  to  permit  of  an  accurate  diagnosis.  We  must  add,  however, 
from  personal  knowledge  as  well  as  from  the  evidence  of  his  treatise, 
that  Raynaud  did  not  overlook  the  possibility  of  ergotism  in  his  cases, 
and  decided  against  this  poison. 

In  1872,  and  again  in  1878,  Dr.  Weir  Mitchell  described  a group  of 
symptoms  under  the  name  of  erythromelalgia,  and  reported  six  cases. 
Many  cases  have  subsequently  been  put  on  record  [?;z7fe\ol.  VI.].  One  of 
these,  recorded  by  Nieden,  is  pronounced  by  Ehlers  without  hesitation  to 
be  one  of  ergotism:  he  is  disposed  to  put  the  same  interpretation  on 
others  of  these,  and  urges  that  all  these  cases  should  in  future  be  studied 
in  the  light  of  ergoti.sm.  The  differences,  hoAvever,  are  notable  enough. 
The  superficial  resemblance  of  acute  ergotism  to  cholera  has  already  been 
mentioned ; confusion  between  the  two  maladies  is  not  likely  to  arise. 

Prognosis. — The  mortality  in  severe  epidemics  may  be  as  high  as 
60  per  cent ; in  the  less  severe  it  ma)''  fall  as  low  as  1 0 j)er  cent.  As  is 
j>ointed  out  in  another  section,  the  symptoms  of  gangrene  may  i)ass  off 
ami  the  limb  recover ; but  this  event  is  not  to  be  anticipated.  -Veuto 
ergoti.sm  is  generally  fatal.  In  chronic  cases  much  depends  on  the  dose 
of  the  yx)ison  and  on  the  snbsef|nent  ])reventioti. 

The  treatment  of  ergotism  mus*  be  laigely  symptomatic.  Acvito 
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cases,  in  which  death  may  result  from  collapse,  should  be  treated  like 
other  forms  of  irritant  poisoning : the  stomach  must  be  emptied  either 
by  the  tube  or  emetics,  stimulants  administered,  and  external  warmth 
applied.  After  the  poison  has  been  absorbed  into  the  system  the 
circulatory  and  nervous  symirtoms  must  be  treated  as  they  arise,  in 
much  the  same  way  as  in  cases  of  chronic  poisoning. 

In  chronic  poisoning  of  whichever  form  an  endeavour  should  be  made 
to  trace  the  source  of  infection  ; not  always  an  easy  task  in  sporadic  cases  ; 
the  pernicious  grain  or  drug  must  be  at  once  withdrawn  and  the  patient 
placed  on  light  food  of  approved  source.  The  patient  must  be  kept  wai-m, 
and  in  the  more  severe  cases  put  to  bed.  Drug  treatment  is  necessarily 
palliative ; in  the  gangrenous  form  we  have  to  fight  against  the  stimulant 
action  of  the  drug  on  the  sympathetic  nerve-ganglia ; it  is  this  action 
which  produces  the  intense  vaso-constriction  and  the  verj'^  large  increase 
in  systemic  blood-pressure.  To  counteract  this  effect  drugs  should  be 
given  which  exert  a depressant  action  on  these  same  nerve-ganglia ; such 
drugs  are  conium,  lobelia,  and  the  alkaloid  sparteine.  Sparteine  is  the  best 
drug  for  the  purpose,  because  it  is  mtich  less  poisonous  than  the  others  ; 
it  should  be  pushed  until  the  blood-pressure  is  appreciably  lowered.  In 
very  severe  cases,  however,  it  may  be  necessary  to  supplement  the 
sparteine  with  drugs  which  directly  paralyse  the  vessels,  such  as  the 
nitrites.  Motor  nervous  affections,  such  as  twitchings,  tremors,  spasms, 
and  convulsions,  as  we  have  already  pointed  out,  are  caused  by  excitation  of 
the  medulla,  and  should  be  treated  by  drugs  such,  for  example,  as  chloral, 
which  depress  this  structure ; when  convulsions  are  severe  the  patient 
may  be  kept  under  chloroform  for  a time.  Small  doses  of  morphine  may 
be  used  to  relieve  the  sensory  efl'ects.  The  bowels  should  be  made  to  act 
freely,  saline  aperients  being  most  useful  for  this  purpose. 

Pellagra 

This  disease,  which  presents  many  analogies  to  ergotism,  is  due  to 
a poison  the  nature  of  which,  like  the  poison  of  ergot,  e.xerts  its  effects 
mainly  upon  the  central  nervous  system. 

Pellagra  is  at  times  epidemic  in  its  invasion  ; at  other  times  or  places 
it  is  endemic  or  sporadic.  It  appeared  for  the  first  time  in  Europe  some 
fifty  or  si.xty  years  after  the  introduction  of  maize  from  America ; it 
broke  out  first  in  Spain  and  spread  later  to  France,  Lombardy,  and  else- 
where. Casal,  in  1750,  described  the  disease  in  the  Asturias  under  the 
name  of  mal  de  la  rosa : the  Asturias  are  still  its  headquarters  in  Spain. 
Frapolli  of  Milan  termed  the  disease  pellagra  in  1771.  In  Italy,  Dr. 
Creighton  tells  us  that  it  first  broke  out  in  the  neighbourhood  of  Lago 
Maggiore ; and  in  1750  it  rapidly  extended  its  ravages  in  North  Ital}’. 
Its  extension  in  the  Emilia  and  in  Tuscany  has  taken  place  during  the 
last  century.  In  Central  Ital}''  it  is  little  known ; in  South  Italy  and 
Sicily  it  is  not  seen  at  all.  In  1881  there  were  103,958  pellagi’ons  in 
Italy;  and  in  the  year  1903  the  death-roll  from  this  disease  was  stated 
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to  be  264i3.  Antoiiini  has  shewn  that  pellagra  has  been  receding  in 
some  provinces  and  increasing  in  others.  The  nnniber  of  pellagrous 
patients  varied  from  0T2  per  1000  of  the  agricultural  population  in  the 
least  aftected  areas  to  50  per  1000  in  others,  such  as  Perugia,  Cremona, 
and  Padua.  Like  ergotism,  pellagra  is  a disease  of  the  poor,  especially  of 
the  poorest.  The  Italian  peasantry  are  for  the  most  part  in  a wretched 
condition  ; they  are  ill-clad,  ill-fed,  oppressed  by  hard  labour,  and  housed 
in  huts  scarcely  fit  for  the  domestic  animals.  The  pestilence  was  formerly 
veiy  prevalent  in  Kumania;  in  1888,  10,626  persons  in  liumania,  out 
of  a total  population  of  5,339,650,  were  suffering  from  pellagra.  Since 
1856  the  disease  has  she^vn  itself  in  Corfu.  In  still  more  recent  times, 
pellagra  has  spread  to  Egypt,  and  in  certain  provinces  apparently  has 
affected  a very  large  proportion  of  the  poorest  peasants.  Dr.  Sandwith 
examined  315  men,  presumably  healthy,  in  eleven  different  villages  in  the 
province  of  Gharbieh,  and  of  these  36  per  cent  shewed  signs  of  earlj' 
pellagra.  Yet  they  stoutly  denied  that  anything  Avas  Avrong  Avith  them. 
Pellagra  is  practically  unknoAvn  in  this  country ; a supposed  case  has 
recently  been  published  (41-4);  but,  as  neither  the  symptoms  nor 
the  physical  signs  Avere  characteristic,  the  diagnosis  must  remain 
doubtful. 

Causation. — Although  pellagra,  like  ergotism,  is  associated  with  bad 
food  and  Avater,  misery,  and  grinding  labom-,  yet  these  conditions,  Avhich 
favoiu’  the  disease,  are  not  sufficient  of  themselves  to  produce  it  : the 
peasantry  in  Southern  Italy  are  even  more  miserable  than  those  of  Lom- 
bardy. A more  specific  cause  is  necessary ; and  there  is  noAv  no  doubt 
that  this  immediate  cause  has  been  traced  to  bad  maize.  There  are  three 
circumstances  in  the  history  of  pellagra  AAffiich  throAV  some  light  on  its 
origin  : — first,  that  pellagra  has  appeared  only  in  comparatively  recent 
times,  after  the  introduction  of  maize  from  America ; secondly,  its  dis- 
tribution is  very  restricted,  and  that  endemic  foci  exist  only  among 
rural  populations ; and  thirdly,  that  epidemics  invariably  folloAv  the 
abundant  use  of  maize  ; where  it  is  not  cultivated  or  consumed  pellagra  is 
absent.  Dr.  Creighton  points  out  that  although  maize  fonns  a large  part 
of  the  staple  diet  of  the  peasantry  in  countries  other  than  those  subject 
to  this  plague,  yet  beyond  its  ordinary  haunts  pellagra  does  not  occur. 
“ Compared  Avith  the  maize  zone  the  area  of  pellagra  is  a mere  spot  on 
the  map.”  Even  in  countries  such  as  Burgundy,  Franche  Comte,  and 
the  Bre'sse,  Avhere  the  climate  and  soil  are  someAvhat  trying  for  maize, 
pellagra  rarely  appears ; in  these  provinces  the  greatest  care  is  taken  to 
dry  the  gi-ain  before  it  is  stored,  yet  after  a particularly  bad  harvest 
pellagra  may  arise.  These  considerations  make  it  very  improbable  that, 
as  De  Giaxa  insists,  sound  maize  may  .set  up  the  disease  in  susceptible 
j)ersori.s. 

Bellat'ra  is  less  prevalent  Avhere  the  maize  is  sui)plemented  by  other 
fowls.  Corfti,  !is  Dr.  Creighton  points  oitt,  is  almost  a crucial  instance  ; 
maize  thrives  well  there,  but  its  culture  h«is  been  largely  displaced  lu 
vine  culture ; since  this  change  m.»ize  luis  been  imported,  and  the 
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importations  consist  of  the  inferior  maize  of  Rumania  still  more  deteri- 
orated during  a long  water  transit  by  the  Danube  and  Black  Seii.  The 
Wallach  peasantry  of  Rumania,  who  are  subject  to  pellagra,  gather  the 
corn  before  it  is  ripe,  and  shoot  it  into  pits,  where  it  becomes  musty.  In 
lower  Egypt  the  poorest  and  most  careless  of  the  peasants  sow  diseased 
maize  seed,  gather  the  crop  before  it  is  ripe,  store  it  in  damp  places 
before  it  is  dry,  and  leave  the  cobs  v^dthin  their  sheaths.  The  peasants 
in  upper  Egypt  are  equally  poor  and  ignorant,  but  they  are  saved  from 
pellagra  because  their  stable  diet  is  not  maize  but  millet.  In  Northern 
Italy  the  peasantry  grow  the  more  worthless  kinds  of  maize  on  poorly 
cultivated  grounds,  sow  it  late,  harvest  it  before  its  maturity,  and 
carelessly  store  it  undried.  The  millers  grind  the  cheapest  corn  for  the 
peasants’  use  ; moreover,  the  loaves  are  unleavened,  half-baked,  and  turn 
mouldy  before  they  are  consumed.  This  kind  of  evidence  goes  no 
farther  than  to  indicate  that  the  jsoison  is  due  to  ordinary  putrefactive 
changes — changes  due,  no  doubt,  to  microbes,  but  the  microbes  concerned 
may  be  the  ordinary  agents  of  decomposition  : the  special  characters  of 
maize  poisoning  may  be  due  to  some  peculiarity  in  the  chemical  structure 
of  this  grain  itself.  One  fungus  to  which  the  disease  has  been  attributed 
is  the  Reticularia  ustilago ; its  spores  are  seen  as  a brown  or  greenish- 
brown  powder  which  is  deposited  under  the  epidermis.  This  fungus  is 
found  in  other  diseased  grain,  yet  in  the  case  of  maize  only  is  its  invasion 
followed  by  the  pellagra.  Whatever  be  the  nature  of  the  organism 
there  can  be  no  doubt  that  the  symptoms  of  pellagra  are  caused  by 
some  poisoi*  produced  in  diseased  maize.  Balardini  performed  some 
experiments  with  pellagra-maize  upon  men  and  animals.  Fowls  which 
were  fed  on  such  maize  became  thin,  lost  their  feathers,  and  later  their 
power  of  movement.  Men  were  affected  principally  with  digestive 
troubles  and  diarrhoea.  Lombroso  made  some  more  exact  investigations. 
In  fowls  he  observed  diarrhoea,  casting  of  the  feathers,  and  death ; in 
rats,  wasting,  choreiform  movements,  and  death ; in  healthy  men  after  a 
prolonged  course  of  a tincture  prepared  from  the  maize,  loss  of  appetite, 
vomiting,  diarrhoea,  desqu<amation  of  the  skin,  malnutrition,  and  dilatation 
of  the  pupil.  He  prepared  from  the  pellagrous  maize  a fatty  oil  and  an 
extractive  substance,  pellagrozein,  which  are  never  found  in  sound  maize, 
but  which  can  be  artificially  produced  in  the  corn  when  it  is  exposed  to 
fermentation.  Cortez,  working  in  Husemann’s  laboratory,  has  experi- 
mented with  the  toxic  substances  obtained  from  maize  by  Lombroso,  and 
confirms  him  in  almost  every  point.  Procopiu  even  states  that  alcohol 
distilled  from  damaged  maize  may  give  rise  to  pellagra.  Nevertheless 
Ceni,  following  up  his  work  with  Besta,  has  recently  stated  that  he  has 
found  aspergillus  in  21  out  of  28  cases  of  pellagra.  And  in  one  woman 
who  died  of  pellagra-typhoid  the  mesenteric  glands,  which  were  enlarged 
and  copper-red  in  colour’,  yielded  Aspergillus  fnmigatus  on  cultivation  ; it 
is  not  stated  whether  the  spores  were  seen  in  sections  of  the  glands. 
Ceni  offers  no  adequate  reason  why  cultures  taken  from  those  dying  of 
acute  pellagra  give  negative  results,  and  his  experiments  ai’e  quite 
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insufficient  to  modify  our  present  views  on  the  nature  of  pellagra,  that 
it  is  a poison  formed  outside  the  body. 

Pellagra  is  chieHy  a disease  of  middle  life,  and  of  women  more  often 
than  men ; but  children  are  attacked  not  infrecpiently,  and  Dr.  Creighton, 
treating  of  its  heredity,  says  that  infants  at  the  breast  may  shew  signs  of  it ; 
he  adds,  however,  that  such  infants  are  partly  fed  on  tlie  household  polenta. 

Pathology. — Whatever  the  poison,  its  effects,  as  in  the  case  of  ergotism 
and  lathyrism,  fall  directly  upon  the  nervous  system,  and  the  main 
external  features,  such  as  erythema  and  gangi'ene,  are  secondary  to 
changes  of  the  nervous  structures,  whether  of  vasomotor  or  directly 
“ trophic  ” origin.  Although  the  vasomotor  changes  are  not  so  definite 
as  in  ergotism,  yet  in  pellagra  they  seem  to  be  of  no  small  account.  The 
most  obvious  changes  are  found,  however,  in  the  spinal  cord ; and  these 
are  precisely  such  as  the  palsies  would  lead  us  to  expect.  Both  in 
ergotism  and  in  pellagra  the  posterior  columns  are  injured.  In  the  most 
painful  cases  of  ergotism  the  posterior  root-zones  are  attacked  ■,  in  pellagra, 
as  the  report  of  the  clinical  symptoms  would  indicate,  the  lateral 
columns  rather  are  implicated.  The  weight  of  the  disease  falls  on  the 
crossed  pyramidal  tracts.  The  direct  cerebellar  tracts  are  never  touched. 
The  cells  in  the  anterior  horn  are  deeply  pigmented ; but  the  muscular 
atrophy  of  the  later  phases  of  the  malady  is  general,  not  particular. 
The  lesions  of  the  posterior  columns  fall  chiefly  upon  the  cervical  and 
upper  dorsal  region  : those  of  the  lateral  column  rather  upon  the  middle 
and  lower  thirds  of  the  dorsal  region.  Pigmentation  also  is  found  in 
other  internal  organs  and  in  the  skin.  Dr.  Sandwith  (50)  has  studied 
the  spinal  cord  in  three  cases  of  pellagra  poisoning.  In  the  first  case  there 
was  some  degeneration  of  the  posterior  columns  as  shewn  by  Pal’s  method 
of  staining  ; a degenerated  root  entered  at  the  third  lumbar,  and  could 
be  traced  up  to  the  dorsal  region ; the  posterior  medium  columns  were 
unduly  pale.  In  the  second  case  well-marked  degeneration  of  the  posterior 
columns  was  present,  evidently  of  root  origin  : there  was  also  an  increase 
of  connective  tissue  in  the  area  of  the  affected  roots,  and  some  thickening 
of  the  walls  of  the  arteries.  The  posterior  roots  also  shewed  marked 
degeneration  in  their  extra-medullary  course.  The  third  case  shewed 
only  some  doubtful  alterations  in  the  medullary  sheath  of  certain  nerves. 
He  suggested  that  the  sclerosis  of  the  posterior  columns  was  of  root 
oriffin  and  that  the  increase  of  connective  tissue  in  these  columns  was 
seconflary  to  degeneration  of  the  roots.  In  pathological  character  the 
changes  seem  rather  to  be  extremely  slow  degenerations  than  inflam- 
mations : they  are  probably  not  essentially  of  a progressive  kind  ; the 
advance  of  the  mischief,  at  any  rate  in  the  earlier  stages  of  the  disease, 
depends  on  the  persistence  of  the  causes.  The  brain  presents  general 
wfistin*' ; the  ventricles  are  somewhat  distended  and  contain  some  excess 
of  fluid.  The  .stomach  may  be  dilatcfl. 

Symptoms. — Pellagra  hiis  three  characteristic  groups  of  symptoms 
which  .'ire  .wsociated  with  (1)  the  skin,  (ff)  the  alimentaiy  can.il.  .uul  (.*1) 
the  central  nervous  system.  In  the  bpring-time  the  patient  comiffiiins  of 
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bodily  weakness,  headache,  depression  of  spirits,  sleeplessness,  cramps, 
vagne  bnt  often  severe  pains  in  the  spine  and  joints,  vertigo,  and 
dyspepsia.  As  the  malady  progresses  the  skin  disease  appears,  though 
the  eruption  is  not  constant ; there  may  be  “ pellagra  sine  pellagra.” 

The  eruption  is  an  erythema  which  chieHy  affects  the  parts  exposed  to 
the  sun  ; the  backs  of  the  hands  and  feet  become  shiny,  tense,  and  red. 
The  skin  is  swollen  and  is  the  seat  of  burning  or  itching  sensations  ; 
petechiiB  are  frequent,  and  bullrn  appear,  which  on  rupturing  leave 
indolent  ulcers  (pellis  agria  = ulcer  of  the  skin).  In  about  a fortnight 
from  the  beginning  of  the  attack  the  erythema  subsides,  and  desquama- 
tion follows,  leaving  the  underlying  skin  thickened  and  stained  of  a 
light  sepia  colour.  The  symptoms  usually  subside  in  the  autumn,  to 
reappear  in  an  exaggerated  form  in  the  following  spring.  The  attacks 
thus  recur  regularly  every  year,  the  thickening  and  pigmentation  being 
increased  on  each  occasion  in  the  first  four  or  five  years.  Afterwards 
the  integument  undergoes  atrophy,  and  becomes  dry  and  wizened  as  in 
old  ago  : this  atrophy  is  especially  marked  on  the  backs  of  the  hands. 
The  nails  and  hair  shew  no  change. 

In  the  later  stages  diarrhoea  sets  in.  The  dyspepsia  seems  to  he  the 
first  disorder  to  follow  the  invasion  of  the  jjoison  (T.  C.  A.).  In  severe 
cases  free  hydrochloric  acid  may  be  altogether  absent ; in  all  it  is  much 
reduced.  A deficiency  of  hydrochloric  acid  in  the  gastric  juice  is  not, 
however,  in  any  way  characteristic  of  pellagra,  as  has  been  asserted  : such 
a deficiency  is  present  in  most  forms  of  wasting  disease.  Digestion  is 
therefore  slow  and  imperfect ; peptones  are  deficient,  and  the  catarrhal 
discharge  facilitates  the  lactic  and  other  fermentations.  Agostini  states 
that  carefid  attention  to  this  stomach  derangement,  including  lavage,  is 
of  benefit  in  pellagra. 

When  the  patient  has  thus  been  the  subject  of  the  disease  in  its 
recurring  attacks  for  three  or  four  years  his  depression  of  spirits  deepens 
into  melancholia  of  a severe  and  irremediable  kind.  He  commonly 
suffers  from  globus.  The  melancholia  may  be  altogether  dull  and 

heavy,  or  on  the  other  hand  it  may  have  maniacal  phases  : the  patient 
may  be  moody,  self-accusing,  and  remorseful,  or  he  may  present  maniacal 
periods,  in  which  misery  or  a horrible  burning  of  the  skin  may  drive  him 
to  suicide.  Systematic  monomania  (“paranoia”)  is  never  seen.  As 
depression  may  alternate  with  mania,  so  stupor  may  alternate  with  the 
vertigo  : and  twitchings,  tremors,  and  even  epileptiform  seizures  of  the 
cortical  variety  are  not  uncommon.  The  cramps,  likewise,  may  pass  on 
into  pennancnt  contractures. 

Palsies  form  part  of  the  ordinary  course  of  the  disease  : the  knee-jerk 
may  differ  on  the  two  sides,  but  in  the  large  majority  of  cases  it  is 
increased  ; it  is  rarely  absent.  Tendon  reflexes  are  often  to  be  detected 
in  the  forearms.  The  gait,  though  uncertain,  is  never  ataxic ; it  rather 
assumes  the  form  of  spastic  paraplegia.  Ankle  clonus,  though  often 
present,  is  not  invariable.  These  paretic  symptoms  are  commonly 
preceded  by  tremor.  Sensation  is  virtually^  unaffected. 
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Together  with  this  degeneration  on  the  side  of  the  nervous  system 
the  whole  man  also  deteriorates.  Flesh  and  strength  fall  away,  the 
mental  faculties  wane,  and  life  is  but  too  often  prolonged  to  the  dregs,  to 
be  cut  short  at  last  b}’-  colliquative  diarrhoea.  With  each  successive  year, 
to  use  Dr.  Creighton’s  words,  the  patient  becomes  more  like  a mummy : 
his  skin  is  shrivelled  and  sallow,  or  even  black  at  cerhiin  points ; his 
bones  protrude  ; his  muscles  waste  ; his  movements  are  slow  and  languid, 
and  his  sensibilities  grow  more  and  more  obtuse.  The  disease  is  some- 
times so  chronic  as  not  to  shorten  life,  and  it  is  I'arcly  very  acute. 

Diagnosis. — In  countries  where  jjellagra  is  known  there  can  be  little 
difficulty  in  detection  of  the  maladjq  even  in  its  earlier  stages.  The  only 
diseases  to  which  it  shows  any  likeness  belong  to  the  same  class  of  pro- 
gressive dementias.  General  paralysis  of  the  insane  might  at  certain 
moments  present  some  resemblance  to  pellagra ; but  the  character  of  the 
lesions  of  the  limbs  or,  if  in  rare  cases  these  be  absent,  the  lack  of 
grandiose  ideas,  the  features  of  the  palsy,  and  the  histoiy  of  the  origin 
of  the  attack,  would  direct  the  observer  to  a true  opinion.  The  speech 
may  be  affected  in  pellagi’a,  but  not  in  a characteristic  fashion.  The 
pupils  are  never  fixed  as  in  tabes,  but  some  myosis  is  often  present. 
Cases  are,  however,  recorded  of  the  coincidence  of  the  two  maladies  in  the 
same  person.  The  distm'bances  of  sensibility,  if  any  be  present,  and  the 
eruption  may  suggest  leprosy ; and  leprosy,  like  pellagra,  may  present 
remissions  if  not  definite  seasonal  phases.  In  nodular  leprosjq  hoAve^•er, 
the  granuloma  of  the  skin,  and  in  antesthetic  leprosy  the  nerve-changes, 
are  characteristic.  The  colour  of  the  skin  may  not  be  unlike  that  in 
Addison’s  disease ; but  the  eruption,  or  in  its  absence  the  nerA’ous 
symptoms  of  pellagra,  Avould  suffice  to  indicate  this  disease. 

Prognosis. — When  the  disease  has  recurred  for  three  or  four  seasons, 
and  especially  if  the  mind  be  affected,  the  prognosis  is  very  bad.  One 
of  us  [T.  C.  A.]  gathered  from  the  physicians  of  the  Italian  lunatic  asylums 
that  recovery  of  patients  once  arrived  at  the  asylum  stage  of  insanit}’- 
is  almost  unknown.  Still,  these  are  extreme  cases  ; the  mentally  afflicted 
in  their  earlier  phases  may  recover : too  often,  however,  the  advance  of 
death  is  inexorable. 

The  only  treatment  is  to  remove  the  causes  of  the  intoxication,  and  of 
the  failure  of  resistance ; and  thereafter  to  treat  the  symptoms  on  general 
principles. 

The  Mini.stry  of  Agriculture  in  Italy  has  provided  drying  apparatus 
for  grain,  bakeries,  and  other  hygienic  advantages,  including  better  house 
accommodation,  in  the  infected  districts ; also  “ pellagrosjiri,  or  places 
for  the  treatment  of  “ pellagi'osi,”  for  those  patients  on  Avhom  the  disease 
has  gained  a hold.  It  is  stated  (41)  that  a decrease  of  the  maLidy  has 
followed  on  the.se  reforms ; except  in  the  flistrict  of  Perugia,  in  which, 
for  certain  incidenul  reJisons,  the  malady  seems  to  have  increased.  Dr. 
Sandwith  has  suggested  that  in  Hgyi)t  the  peivsaiits  and  emidoycrs  of 
lal>our  should  be  taught  the  early  sym[)toms  of  the  disease.  At  tins 
staf/e  it  will  yield  to  treatment,  but  if  neglected  the  symptoms  incrca.se  in 
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severity  and  end  in  insanity  or  general  debility,  which  entirely  unfits  the 
individual  for  work. 


Lathyrism 

This  is  the  name  given  by  Cantani  to  another  nml  de  misere  due 
directly  to  diseased  grain,  and  more  remotely  to  wretched  conditions  of  life. 
At  the  end  of  the  eighteenth  century,  and  at  the  beginning  of  the  last, 
suspicions  arose  that  certain  palsies  of  the  legs  were  due  to  the  use,  as 
food,  of  the  Lathyms  sativus  and  the  L.  deem  (or  chick-pea).  Lathyrus 
sat'mis  is  indigenous  from  the  southern  Caucasus  to  northern  India ; it 
is  now  cultivated  all  over  India.  Nevertheless,  poisoning  by  the 
various  species  of  the  family  Papilionaceae  has  been  known  from  very 
early  times,  for  it  is  stated  in  the  Hippocratic  writings  that  “at  Ainos 
those  men  and  women  who  continually  fed  on  pulse  were  attacked  by  a 
weakness  in  the  legs  which  remained  permanent  ” : and  again,  in  Don’s 
sj^stem  of  gardening  it  is  stated  that  bread  made  from  the  flour  of  pulse 
led  to  an  epidemic  in  the  seventeenth  century,  and  that  subsecpiently  an 
edict  forbidding  its  use  was  promulgated.  The  disease  has  been  observed 
in  the  departments  of  Loire  et  Cher,  in  the  Abruzzi,  at  Alatri,  at  Allahabad, 
and  in  Kabylia.  No  poisonous  substance  has  been  separated  from  the 
pulse.  Some  authorities,  including  Sir  P.  Manson,  have  suggested  that 
the  disease  may  lie  due  to  a poison  produced  by  microbes  growing  on  the 
pulse  (compare  pellagra  and  ergotism) ; but  this  speculation  is  not  sup- 
ported by  any  evidence.  Two  features  of  the  disease,  as  it  occurs  in 
India,  are  its  seasonal  incidence — lathyrism  always  breaks  out  in  the 
rainy  season — and  its  marked  preference  for  males,  only  about  one  female 
being  affected  for  every  ten  males.  These  data  have  led  Major  Hendley 
to  believe  that  lathyrus  disposes  to  the  disease,  but  that  severe  cold  and 
damp  are  required  to  excite  the  sudden  seizure.  An  exclusive  or  almost 
exclusive  diet  on  the  chick-pea,  and  wretched  conditions  of  life,  seem,  as 
ill  the  two  jireceding  diseases,  to  be  accessory  causes.  The  outbreak  at 
Allahabad,  described  by  Dr.  Irving,  followed  a failure  of  the  wheat  crop. 
Major  Hendley  describes  an  outbreak  in  a village  in  which  10  per  cent 
of  the  male  population  had  quite  suddenly  become  more  or  less  severely 
paralysed  in  the  lower  limbs.  All  those  affected — poor  hand-to-mouth 
labourers — had  subsisted  for  some  eighteen  months  on  the  pulse  of 
Lathyrus  sativus. 

Pathology. — Lathyrism  is  a milder  disease  than  either  of  the  pre- 
ceding kinds  of  grain  poisoning ; hence  no  doubt  the  great  imperfection 
of  the  post-mortem  records.  Such  notes  as  “ softening  of  the  cord,”  and 
other  such  inaccurate  and  vague  phrases,  give  us  little  information ; at 
present,  therefore,  the  precise  lesions  can  be  inferred  fi’om  the  symptoms 
only.  These,  we  need  scarcely  say,  point  to  the  lateral  and  posterior 
columns  in  the  lumbar  region  as  especially  the  seat  of  the  activity  of  the 
morbific  agent,  whatever  this  may  be. 

Symptoms. — Lathyrism  is  a quicker  disease  than  either  of  the  two 
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preceding,  and  not  so  ruthless.  A patient  may  go  to  bed,  apparently 
quite  well,  after  a hard  day’s  work  in  the  rain  and  awake  in  the  morning 
to  find  himself  unable  to  get  out  of  bed ; his  limbs  are  stiff  and  creepy, 
and  in  some  epidemics  much  pain  in  the  back  is  complained  of.  During 
the  next  feAv  days  weakness  increases,  progression  becomes  difficult, 
and  tremor  and  uncertainty  are  observed  in  the  hands.  Both  legs 
become  weak  at  the  same  time,  the  calves  being  first  affected  and  then 
the  thighs ; the  peculiar  gait  is  due  to  the  great  weakness  and  to  the 
increased  reflexes.  The  accoimts  of  the  disease  often  describe  a peculiar 
rigidity  of  the  dorso-lumbar  muscles  set  up  on  the  side  opposite  to  each  leg 
as  it  is  advanced  in  turn ; giving  a throw  of  the  trunk  backAvards  and 
sideways  against  the  Aveight  of  the  advancing  leg.  Thus,  as  the  patient 
Avalks,  the  head  and  body  must  be  throAvn  into  a succession  of  ciurves, 
describing  a screAv  or  a chain  of  figures  of  eight.  The  leg,  on  the  other 
hand,  Avith  the  toe  pointed  and  the  heel  drawn  up,  is  thrust  out  Avith  a 
tremulous  extension  and  adduction ; thus  the  toe  reaches  the  ground 
before  the  heel,  or  the  heel  may  never  reach  the  ground  at  all,  and  the 
gait  become  a tripping  on  the  toes.  In  some  epidemics  the  gait  is  said 
to  liaA'e  more  of  an  ataxic  character,  and  the  pain  to  be  greater  j as  if  the 
poison  fell  more  on  the  posterior  columns. 

The  disturbances  of  sensation  seem  to  be  no  less  remarkable.  Hyper- 
testhesia  and  partesthesia  of  the  legs  may  be  folloAved  by  anaesthesia, 
Avhen  the  skin  reflexes  are  lost ; but  in  other  epidemics  sensation  is  not 
afifected.  The  tendon  reflexes,  howeA’^er,  are  intensified.  Intolerable 
creepings,  as  in  ergotism,  also  torment  the  sufferer.  The  application 
of  the  hot  moist  sponge  to  the  spine  calls  forth  this  creeping  and  tremors 
of  the  legs. 

The  evolution  of  these  vai’ious  symptoms  takes  four  or  fiA'e  Aveeks. 
The  sphincters  are  not  affected  as  a rule ; but  in  severe  epidemics  and  in 
bad  cases  both  anal  and  vesical  sphincters  are  said  to  be  palsied.  Reten- 
tion of  urine  is  more  common.  Sexual  power  is  enfeebled  or  lost.  In 
none  of  the  accounts  is  mention  made  of  the  arms,  save  as  being  occasion- 
ally tremulous.  Cutaneous  afifections  such  as  urticaria  and  bronzing  are 
occa.sionally  observed.  The  mind,  speech,  and  pupils  invariably  escape 
and  the  patient  has  no  sense  of  illness. 

Diagnosis. — The  only  disease  Avhich  simulates  lathju’ism  at  all 
closely,  is  Erb’s  syphilitic  spinal  palsy.  The  epidemic  occurrence  of 
lathyrism,  and  probably  the  absence  of  all  syphilitic  antecedents,  Avill 
suffice  for  distinction.  In  case  of  doubt  the  grain  maj^  be  tested  on 
animals. 

Prognosis  .seems  to  be  more  favourable  than  in  the  tAvo  foiniei  kinds 
of  grain  poisoning.  If  the  diet  be  changed  before  the  cord  has  become 
deeply  disorganised,  recovery  Jnay  be  anticipated. 

Treatment  at  pre.sent  consists  only  in  this  change  of  diet  and  m 
refoiTii  of  other  jidvcrsc  conditions  of  life. 

Domestic  animais  ai-e  lialdc  to  lathyri.sm.  Some  authors  assert  that 
animals  have  been  fed  in  vain  on  the  pulse,  no  morbid  conseiiuences 
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having  followed.  In  other  epidemics  the  domestic  animals  have  suffered 
distinctly  enough,  sometimes  before  the  disease  was  noted  in  men.  Swine 
fed  on  the  pulse  become  paralysed,  and  often  show  spasms ; in  an  old 
herbal  it  is  stated  that  these  animals  fed  on  the  meal  lost  the  use  of  their 
hind  limbs  but  grew  very  fat.-  Sheep  and  cattle  do  not  appear  to  be 
affected. 

There  can  no  longer  be  any  doubt  that  lathyrism  in  horses  may  be 
induced  by  feeding  them  on  lathyrus ; and  these  cases  are  of  much 
interest  from  a pathological  point  of  view  (57,  58).  The  horse  presents  a 
series  of  symptoms  different  from  that  of  man,  which  may  account  for  the 
discrepancy  of  the  accounts  of  the  susceptibility  of  animals.  In  the  horse 
the  heart  and  respiration  are  chiefly  affected  and  the  larynx  especially ; 
so  that  the  animal  stands  with  stretched-out  neck  striving  against  the 
asphyxia  which  soon  destroys  him.  Often  the  horses  appeared. quite  well 
when  at  rest,  but  during  work  they  took  to  roaring,  became  dyspnoeic  and 
sometimes  suddenly  fell  down  dead.  Changing  the  diet  arrests  the 
malady,  and  tracheotomy  prevents  the  sudden  death. 

After  death  the  mischief  is  found  mainly  in  the  cells  of  the  anterior 
horns  of  the  cord,  which  are  diminished  in  number  and  atrophied ; there 
is  also  thrombosis  of  the  small  arteries.  The  arteries  are  thickened.  The 
heart  presents  signs  of  fatty  change,  and  so  likewse  do  the  intrinsic 
muscles  of  the  larynx. 

If  on  careful  repetition  of  these  observations  the  results  are  found  to 
be  constant,  and  to  be  attributable  to  the  pulse,  they  may  indicate  that  the 
nervous  mischief  is  not  primary,  but  consequent  upon  vascular  lesions. 
Thrombosis  is  mentioned  in  tlie  accounts  of  the  spinal  lesions  in  man. 
If  this  be  correct  it  would  suggest  a similarity  of  action  between  the 
lathyric  and  the  ergotic  poisoning,  in  the  former  of  which,  as  we  liave 
seen,  coagulations  are  formed  in  the  smaller  arteries. 

T.  C.  Allbutt. 

W.  E.  Dixon. 
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ALCOHOLISM 

By  H.  D.  Rolle.ston,  M.D.,  F.R.C.P. 

In  this  article  reference  is  first  made  to  the  physiological  action  of  alcohol.  A 
fev)  remarks  are  then  made  on  the  various  common  alcoholic  drinks.  The 
phenomena  of  drunkenness  and  of  acute  alcoholic  poisoning  are  briefly 
descrUjed.  Chronic  alcoholism  is  next  dealt  with  ; and,  lastly,  an  account 
is  given  of  delirium  tremens. 

Ethyl  Alcohol  is  the  member  of  the  alcoholic  series  found  in 

wines  and  gorxl  spirits.  When  alcohol  is  obtained  directly  from  sugar 
ethyl  alcohol  is  foianed  alone;  hut  when  indirectly,  liy  transformation  of 
starch  into  sugar,  some  amyl  alcohol  (CjIl„HO)  (in  the  fusel  oil)  always 

appears  with  it.  , • 1 <• 

Absolute  alcohol  contains  not  less  than  99  per  cent  b\  weight  01 
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alcoliol,  and  not  more  than  1 per  cent  of  water,  has  a specific  gravity 
0'793  at  60°  F.,  and  boils  at  78°  C.  (173-6°  F.). 

Rectified  spirit  contains  10  per  cent  of  water.  The  Spirits  (Strength 
Ascertainment)  Act,  1818  (.58  Geo.  III.  c.  25),  defines  “Proof  Spirit”  to 
bo  that  which,  at  the  temperature  of  51°  Fahrenheit,  weighs  j ?,  parts  of 
an  equal  measure  of  distilled  water.  A gallon  of  proof  spirit  contains, 
approximately,  50  per  cent  of  alcohol  by  weight.  (Spirit  above  “ proof  ” 
when  ignited  fires  gunpowder ; sjiirit  under  proof  does  not.)  Every 
additional  0'5  per  cent  of  absolute  alcohol  above  0'92  is  said  to  be  one 
degree  above  proof  (29).  According  to  the  American  standard,  proof 
spirit  contains  42 ’7  per  cent  of  alcohol  by  weight. 

Physiological  Action. — It  is  important  to  differentiate,  if  po.ssible, 
between  the  purely  physiological  effects  on  the  one  hand,  and  the 
pathological  effects  on  the  other.  From  want  of  this,  contradictory 
statements  have  been  made  as  to  the  physiological  effects  of  alcohol. 

Metabolism. — Very  divergent  opinions  have  been  expressed  as  to  the 
effect  of  alcohol  on  metabolism,  probably  because  it  is  difficult  to  draw  a 
hard  and  fast  line  between  the  effect  of  very  small  amounts,  v’hich 
sei've  as  food,  and  that  of  larger  quantities,  which  act  as  a proto- 
plasmic poison  and  diminish  metabolism.  Since  it  undergoes  oxidation, 
alcohol  protects  the  fats  of  the  body  from  combustion  ; in  fact  Atwater 
found  that  it  is  practically  as  efficient  in  this  respect  as  the  fats  and 
carbohydrates  of  food.  The  use  of  alcoholic  drinks,  especially  of  those 
containing  sugar,  such  as  beei-  and  porter,  leads  to  an  increase  in  the 
amount  of  bodily  fat ; usually  this  increase  is  uniformly  distributed  over 
the  body,  but  not  invariably ; thus  the  diffuse  lipomas,  the  most  marked 
examples  of  which  are  seen  in  the  neck,  have  a definite  relation  to  alcoholic 
excess.  While  it  has  now  been  shewn  that  alcohol  is  a proteid-sparer,  it 
sometimes  fails  to  have  this  action ; it  is  not  improbable  that  in  persons 
unaccustomed  to  alcohol  there  is  at  first  a temporar}'-  increase  of  the 
disintegration  of  proteid,  but  that  the  organism  soon  adapts  itself  to 
alcohol,  so  that  the  katabolic  change  of  proteid  ceases  and  the  nutidtive 
effect  of  alcohol  comes  into  play.  Though  it  is  not  absolutely  proved, 
alcohol  probably  contributes  its  shai'e  to  muscular  work.  Small  ciuantities 
increase  the  output  of  work  done  for  a time,  but  as  the  stimulating  effect 
passes  away  the  capacity  for  work  falls  considerably ; its  action  thus 
consists  in  l)ringing  out  the  reserve  powers  for  a short  effort,  and  not  in 
restoring  or  husbanding  sources  of  energy.  The  exj^erience  gained  from 
long  marches  of  troops  is  that  the  use  of  alcohol  tends  to  diminish  the 
total  amount  of  woi-k  done.  It  may  enable  a man  “ to  spurt,”  but  not 
“ to  stay.”  It  is  dissipative  rather  than  conservative  of  energy. 

Digestive  System. — In  the  mouth  alcohol  gives  rise  to  a feeling  of  , 
warmth  and,  reflexly,  to  a flow  of  saliva.  In  a similar  manner  it  is 
thought  that  it  may  dilate  the  vessels  of  the  brain,  thereby  stimulating  it 
(Brunton).  In  the  stomach  the  vessels  become  dilated  and,  reflexly,  the 
secretion  of  the  gastric  juice  is  increased,  with  a rise  in  the  amount  of 
pepsin  and  hydrochloric  acid.  Alcohol,  unlike  watei-,  is  rapidly  absorbed 
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from  the  stomach,  and,  reaching  the  stomach  again  through  the  blood- 
vessels, indirectly  stimidates  secretion.  On  the  other  hand,  the  presence 
of  large  amounts  of  alcohol  retards  gastric  digestion  ; some  wines,  such  as 
sherry,  exert  this  inhibitoiy  effect  in  virtue  of  their  solid  constituents 
and  not  of  the  contained  alcohol.  On  the  Avhole,  it  appears  that  in  normal 
conditions,  gastric  digestion  in  its  entirety  may  not  be  materially  modified 
by  the  introduction  of  alcoholic  fluids  u’ith  the  food  (Chittenden).  The 
presence  of  alcohol  or  of  alcoholic  liquors  hinders  artificial  digestion. 

Ciradaiorij  System. — Alcohol  is  rapidly  absorbed  unchanged  into  the 
blood,  and  may  be  detected  there  for  several  hours.  It  can  pass  from 
the  maternal  into  the  foetal  blood.  Experimentally,  alcohol  rapidly 
increases  the  viscosity  of  the  blood,  and  so  increases  the  work  of  the  heart 
(Burton-Opitz).  It  diminishes  phagocytosis.  In  healthy  persons  small 
doses  of  alcohol  or  of  alcoholic  drinks  usually  produce  no  alteration  in 
the  pulse-rate,  provided  that  local  irritation  in  the  mouth  and  stomach  and 
other  factors,  such  as  the  effect  of  mental  excitement  and  movement,  are 
obviated.  In  the  same  circumstances  alcohol  has  no  effect  on  the  heart 
and  is  not  a circulatory  stimulant ; but,  as  the  result  of  local  irritation  of 
the  mucous  membrane  of  the  mouth  and  stomach,  the  heart  may  reflexly 
beat  more  forcibly  and  more  rapidly,  this  is  commonly  believed  to  be  the 
action  of  alcohol  on  the  heart.  As  these  effects  pass  off,  the  heart  beats 
less  powerfidly  and  more  slowly.  It  is  often  stated  that  there  is  a 
transient  rise  of  blood-pressure,  followed  by  a more  prolonged  fall,  but  it 
appears  that  in  moderate'  amounts  alcohol  has  no  appreciable  effect  on 
arterial  blood-pressure ; when  any  change  does  occur,  it  is  always  in  the 
direction  of  a fall,  never  of  a rise.  Large  doses  give  rise  to  a fall,  due 
to  the  depressing  action  of  alcohol  on  the  central  nervous  system  and  on 
the  heart  (Abel).  The  peripheral  blood-vessels  are  usually  dilated  and 
thus  the  familiar  flushing  of  the  face  is  produced. 

Temperature. — As  a result  of  the  dilatation  of  the  peripheral  vessels, 
and  the  large  amount  of  blood  passing  through  the  cutaneous  areas,  the  loss 
of  heat  by  radiation  and  convection  is  greatly  increased.  This  leads  to  a 
compensatory  increased  production  of  heat  by  the  tissues  ; further,  alcohol 
is  oxidised  and  gives  rise  to  heat-production,  one  gramme  producing  seven 
calories  of  heat.  The  outcome  of  the  effect  of  alcohol  is  in  the  direction 
of  lowering  the  temperature,  and  when  large  quantities  are  taken  this  may 
be  extremely  marked.  But  here  again  it  is  important  to  remember  the 
distinction  between  the  physiological  and  the  toxic  effects  of  alcohol. 
Atwater  has  shewn  that,  when  given  in  such  small  doses  that  the  vessels 
of  the  skin  are  not  dilated,  alcohol  causes  no  considerable  increase  in  the 
amount  of  heat  radiated  from  the  body. 

Respiratory  System. — Alcohol  is  a respiratory  stimulant  and  increases 
the  volume  of  air  passing  through  the  lungs  and  the  absorption  of  oxygen  ; 
these  effects  arc  more  readily  produced  by  alcoholic  lievcrages  coutaiiiing 
stimulating  esters  than  by  pure  alcohol,  and  are  more  maikcd  in  tired 
than  in  normal  persons.  I he  increased  absor])tioii  of  oxygen  is  leg.udeil 
by  Singer  as  the  re.sjionse  to  the  demand  created  by  the  increased  oxidation- 
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processes  in  the  tissues  which  compensate  for  the  increased  loss  of  heat. 
Contradictory  statements  have  been  made  about  the  effect  of  alcohol  on 
the  output  of  carbonic  acid  gas,  but  it  appears  that,  like  ordinary  food,  it 
increases  the  amount  exhaled. 

Central  Nervous  System. — Alcohol  has  first  of  all  an  indirect  efl'ect ; by 
its  action  on  the  circulation  it  supplies  the  brain  and  spinal  cord  with 
more  blood  and  so  should  increase  their  activity  : it  acts,  however,  directly 
on  the  nerve -cells  as  a functional  poison.  After  a small  (piantity  of 
alcoliol  there  is  a subjective  sensation  of  greater  efficiency  ; l)ut  this  is 
fallacious,  and  is  due  to  failure  of  intellectual  judgment.  Kraepelin’s 
experiments  shew  that  the  simple  reaction-period  is  temporarily  accelerated 
and  then  prolonged  after  alcohol ; but  that  a complex  reaction,  in  Avhich 
an  association  of  ideas  is  involved,  is  ol)served  from  the  first.  The  action 
of  alcohol  on  the  higher  centres  is,  therefore,  depressing.  The  higher 
centres  connected  with  mental  activity  suffer  first ; after  the  cerebrum 
the  cerebellum  and  cord  are  affected,  and  last  of  all  the  automatic  centres 
in  the  medulla  controlling  the  vasomotor,  respiratory,  and  cardiac 
movements  become  paralysed. 

Physiological  Amount. — The  amount  of  alcohol  which  can  be  taken 
daily  for  long  periods  without  producing  any  pathological  results  varies, 
of  course,  with  the  age,  surrounding  conditions,  and  idiosyncrasies  of  the 
individual.  From  experiments  on  soldiers  Parkes  and  Wollovucz  came 
to  the  conclusion  that  one  and  a half  ounces  of  absolute  alcohol  was  the 
physiological  amount.  But  since  then  general  opinion  has  come  to  regard 
one  ounce  as  the  limit  for  the  average  person.  Great  differences,  however, 
exist  in  different  individuals,  and  it  Avould  not  be  safe  to  regard  even  this 
amount  as  universally  harmless. 

Strictly  speaking,  alcohol  must  be  considered  as  a food  since  it  is 
oxidised  and  provides  energy,  but  it  is  not  a complete  food  as  it  does  not 
build  up  or  repair  tissues ; it  is  a very  expensive  form  of  food,  and,  most 
important  of  all,  its  toxic  properties  so  far  outweigh  its  nutritive  value 
that  for  practical  purposes  it  cannot  rank  with  other  foods.  There  is  no 
doubt  that  healthy  and  young  people  are  better  without  alcoholic  drinks; 
even  moderate  amounts  often  lead  to  excess  in  the  young.  As  age 
advances  alcoholic  bcA'^erages  may  be  useful  and  the  same  is  true  with 
regard  to  disease,  but  not  to  the  extent  that  is  often  practised  even  now. 

Elimination  of  Alcohol. — Moderate  amounts  of  alcohol  are  oxidised  in 
the  l)ody  in  the  same  way  as  carbohydrates ; from  95  to  98  per  cent  is 
used  up  in  the  body,  and  passes  off  as  carbonic  acid  gas  and  Avater. 
Alcohol  is  rapidly  absorbed  unchanged  from  the  alimentaiy  canal  so  that 
none  is  found  in  the  feces.  Binz  estimated  that  of  2 ’9  per  cent  leaving 
the  body  1'6  escaped  by  the  lungs,  1T7  by  the  kidneys,  and  T4  by  the 
skin.  Alcohol  is  a somewhat  feeble  diuretic,  the  mai'ked  effect  of  some 
liquors,  such  as  gin,  being  due  to  other  constituents. 


ALCOHOLISM 


905 


Alcohol  by  weight  in  Various  Liquors  (froji  Atwater) 


Range. 

Average. 

Itmige. 

Average. 

H incs. 

IM*r  cent. 

per  cent. 

Spirits. 

per  cent. 

per  cent. 

Claret 

6-12 

10 

Brandy,  Cognac, 

German,  Rhine,  Mo- 

from  wine 

40-60 

47 

selle 

r-12 

8-6 

Brandy  from  spirit 

36-42 

39 

Port 

15-18 

17 

Gin  ... 

20-40 

30 

Sherry  . 

15-20 

17-5 

AVhisky  . 

36-43 

40 

Madeira  . 

15-16 

15-4 

Rum 

40-80 

60 

Marsala  . 

11-24 

16 

Liqueurs. 

Malaga  . 

9-14 

12 

Benedictine  . 

38 

Champagne 

8-11 

10 

Chartreuse 

32 

Tokay  . 

7-15 

10 

Cura9oa  . 

42 

Absinthe 

51 

Alcoholic  Liquors. — The  efiect  of  alcoholic  beverages  is  partly  due  to 
the  ethyl  alcohol  they  contain,  and  partly  to  the  presence  of  additional 
bodies.  Sugar  and  dextrin  may  be  useful  as  foods,  while  the  esters  (or 
compound  ethers)  and  salts  may  be  of  use  in  furthering  the  processes  of 
digestion  ; and  again,  other  members  of  the  alcoholic  series — amyl,  butyl, 
and  propyl  alcohols — furfurol,  and  definite  adulterations,  when  present, 
may  exert  a decidedly  toxic  action ; so  that  a dose  of  such  a fluid  may 
be  more  deleterious  than  the  same  amount  of  alcohol.  The  effects  of 
alcoholic  beverages  do  not  therefore  correspond  exactly  with  those  of 
alcohol.  Alcoholic  beverages  may  be  considered  as  : — 

(i.)  Beer,  porter,  cider,  etc. ; (ii.)  wines ; (iii.)  spirits ; (iv.)  liqueurs ; 
and  (v.)  other  alcoholic  and  allied  liquids  taken  purely  to  produce 
intoxication. 

(i.)  Beer,  Porten',  Cider,  etc. — English  beer  contains  about  5 per  cent  by 
weight  of  alcohol,  besides  extractives,  salt,  sugar,  dextrin,  lactic  acid,  and 
lupulin,  the  active  principle  of  hops.  Lupulin  exerts  a depressing  action 
on  the  nervous  system,  producing  sleep.  Stout  and  porter  contain  caramel, 
to  which  their  colour  is  mainly  due. 

Sweet  cider  contains  about  3 per  cent  of  sugar,  and  readily  undergoes 
fermentation,  becoming  changed  into  rough  or  hard  cider.  There  is 
danger  that  during  fennentation  the  process  may  go  on  to  the  production 
of  icetic  acid  and  render  it  sour.  Sour  cider  may  set  up  colic,  diarrhrea, 
and  intestinal  disturbances.  Cider  contains  malic  acid ; hence  if  it  be 
allowed  to  act  on  lead  some  of  the  metal  is  dissolved  : lead  poisoning,  as 
pointed  out  by  Sir  George  Baker  in  1767,  may  thus  be  set  up.  The 
good  effects  of  cider  in  gout  have  been  ascribed  to  the  acid  malates  in  it. 
Cider  contains  from  1 to  8 per  cent  by  weight  of  alcohol,  leiiy,  like 
cider,  is  allied  to  wine  rather  than  to  beer. 

These  liquors  may  give  rise  to  dyspepsia,  but  not  in  nearly  so 
a degree  as  the  more  concentrated  spirits;  with  the  exception  of  fully 
fermented  or  rough  cider,  they  are  undoubtedly  a prolific  source  of 
gout. 
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Beer  has  been  adulterated  in  many  ways.  Picric  acid,  strychnine, 
quassia,  and  ehiretta  have  been  used  instead  of  the  hop-bitters.  Cocculus 
indicus,  whieh  eontains  the  neutral  principle  picrotoxin,  is  probably  added 
for  the  same  reason.  Opium,  for  its  narcotic  effects,  salt,  presumably  to 
increase  thirst,  and  salicylic  acid,  as  a preservative,  have  been  added. 
Arsenic  may  gain  an  entrance  into  beer  in  the  process  of  its  production 
and  give  rise  to  epidemic  arsenical  poisoning.  In  the  outbreak  of 
arsenical  poisoning  in  beei’-drinkers  in  the  North  of  England  and  Midland 
Counties  in  1900-1901,  the  sugars  used  in  the  process  of  brewing  contained 
arsenic.  It  was  shewn  that  the  source  of  the  arsenic  was  the  sulphuric 
acid  employed  in  the  production  of  the  sugars,  and  that  it  was  made 
from  the  Spanish  pyrites,  which  often  contains  a large  percentage  of 
arsenic  [Reynolds]. 

(ii.)  JFines  are  obtained  from  the  fermented  juice  of  the  gi'ape.  When 
all  the  glucose  becomes  changed  into  alcohol  the  wine  is  called  “ dry  ” ; 
if  some  sugar  remain  the  wine  is  called  sweet.  The  “body”  of  a wine 
depends  on  the  amount  and  blending  of  the  solids  (sugar  and  extractives). 
By  the  term  “ bouquet  ” is  meant  the  perfume  to  the  nose  ; and  by 
“ aroma  ” the  effect  on  the  posterior  nares  when  the  vdne  is  on  the  back 
of  the  tongue.  The  bouquet  and  aroma  are  both  due  to  the  compound 
ethers  and  aldehydes.  The  maturing  of  wine  is  the  process  of  develop- 
ment of  these  ethers.  Roughness  is  due  to  tannic  acid,  of  which  red 
wines  contain  far  more  than  white. 

Natural  wines  contain  5 to  14  per  cent  of  alcohol;  14  per  cent  of 
alcohol  in  a solution  stops  the  fermentation  of  sugar,  so  if  a higher  per- 
centage of  alcohol  be  found,  it  is  due  to  the  subsequent  addition  of 
alcohol.  Wines,  such  as  Port,  Sherry,  and  Madeira,  to  which  .spirit  has 
been  added,  are  said  to  be  fortified  or  brandied. 

White  wines  are  made  from  white  grapes,  or  from  red  grapes  the 
skins  of  which  have  not  been  left  in  the  fermenting  juice  or  “must”;  in 
the  case  of  red  wines  the  skins  of  purple  grapes  remain  in  the  must. 

Sparkling  wines  have  this  quality  in  virtue  of  the  cai’bonic  acid,  formed 
during  fermentation,  which  is  retained  in  them ; as  in  Champagne  and 
sparkling  Hock.  Some  sugar  is  usually  added  to  Champagne  before  it  is 
finally  bottled  for  the  market. 

The  colouring  matter  of  wines  is  precipitated  in  the  crust ; hence 
wines  become  lighter  in  colour  on  keeping. 

Condituents  of  Wines.' — After  alcohol  the  most  important  factors  in 
wines  are  the  acids,  the  amount  of  sugar,  and  the  ethers. 

Wine  contains  some  glycerin.  The  juice  of  the  grape  does  not  contain 
tannic  acid,  which  is  obtained  from  the  skins  and  the  pips.  Malic  and 
tartaric  acids  are  found  in  the  juice.  Clarets,  Bordeaux,  and  Hungarian 
wines  contain  tannic  acid  ; Hocks,  Moselle,  and  Chablis  are  acid  from  the 
presence  of  tartaric  acid,  and  do  not  contain  any  tannic  acid.  In  good 
wine  the  amount  of  acid  should  not  exceed  '5  per  cent.  The  acids  act  on 
the  alcohol,  and  thus  lead  to  the  formation  of  ethers.  Acid  wines  on 
keeping  deposit  a crust  of  acid  tartrate  of  potassium,  tannin,  and  colour- 
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ing  matters  which  is  at  first  copious ; subsequeiitl}-  it  becomes  scanty, 
and  then,  when  fioating  in  the  wine,  is  known  as  “beeswing.”  In  addi- 
tion to  acid  tartrate  of  potassium  wine  contains  tartrates  of  sodium  and 
calcium.  In  France  red  wine  is  frequentl}’^  “plastered”  by  the  addition 
of  potassium  sulphate,  and  Lancereaux  suggested  that  this  was  an  im- 
portant factor  in  the  production  of  hepatic  cirrhosis.  By  the  hi  Qnffe. 
(1901)  the  amount  of  sulphate  of  potash  allowed  to  be  added  to  wine 
was  restricted  to  two  grammes  per  litre. 

In  natural  wines  all  the  sugar  may  be  transformed  into  alcohol , 
in  fortified  brines  the  added  spirit  checks  fermentation,  so  that  the 
sugar  remains  unchanged.  Sweet  or  liqueur  wines,  such  as  Tokay, 
^lalaga,  Constantia,  and  Tent,  contain  a large  amount  (20  per  cent)  of 
sugar.  Sometimes,  on  keeping,  these  wines  become  ropy  from  the  sugar 
fermenting  into  a form  of  mucilage. 

The  folloiring  classification  is  Sir  A.  Garrod’s : — (a)  Spirituous  wines, 
containing  a considerable  quantity  of  saccharine  or  unfermented  matter, 
and  an  amount  of  alcohol,  usually  above  15  per  cent  by  weight.  The 
chief  wines  in  this  class  are  Port,  Sherry,  Madeira,  Marsala ; (i)  Liqueur 
wines,  containing  much  sugar — Tokay,  Malaga,  Tent,  Constantia,  etc., 
the  higher  Sauternes;  percentage  of  alcohol  between  that  of  the  1st  and 
3rd  classes ; (c)  Acidulous  wines,  rich  in  acid  tartrate  of  potash ; alcohol 
not  much  above  10  per  cent,  (a)  With  tannin  and  colouring  matters — 
Clarets  or  red  Bordeaux  vdnes ; red  Burgundies  and  Hungarian  wines. 
()3)  Without  tannin  or  colouring  matters^ — Hocks,  Moselle,  Chablis,  and 
the  light  dry  Sauternes.  (rf)  Effervescing  wines,  containing  imfermented 
matter  and  free  carbonic  acid — Champagne,  sparkling  Hock,  Moselle,  and 
sparkling  Burgundy. 

(iii.)  Spirits. — Whisky,  gin,  rum,  and  brandy  contain  alcohol  in  con- 
siderable amount,  water,  and  the  compound  ethers  to  which  their  charac- 
teristics are  due.  There  is  a little  sugar  in  gin,  but  none  in  the  others. 
Spirits,  from  the  large  amount  of  alcohol  in  them,  produce  more  marked 
dyspepsia  than  beer,  but  have  much  less  tendency  to  set  up  gout. 

While  the  concentration  of  the  alcoholic  drink  is  the  important  factor 
in  the  development  of  symptoms  connected  with  the  alimentary  canal, 
the  total  amount  of  alcohol — whether  it  be  taken  as  wine,  beer,  or  spirits 
— is  the  important  factor  in  determining  nervous  symptoms. 

AVhisky  (sp.  gravity  -915)  contains  about  40  per  cent  of  alcohol.  It 
is  obtained  from  malted  gi-ain,  usually  barley,  and  contains  some  amyl 
alcohol,  which  is  said — though  on  this  point  there  is  some  diflerence  of 
opinion — to  disappear  in  the  process  of  mellowing  and  to  be  converted 
into  esters.  It  has  recently  been  stated  that  the  bad  effects,  such  as  head- 
ache, formerly  ascribed  to  amyl  alcohol  are  due  to  aldehydes,  aiid  especially 
to  furfnrol.  Whisky  should  always  be  ke])t  for  at  least  two  years  to 
enable  it  to  mellow  and  lose  the  iinydea-sant  taste  it  has  when  new. 
During  the  process  of  keeping  its  alcoholic  strength  dimini.shes.  Originally 
almost^ colourless,  whisky  gets  its  colour  from  tlic  sherry  or  other  ca.sks 
in  which  it  is  stored.  It  may  be  adultcrat(Ml  with  methyl  alcohol. 
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creasote,  etc. ; and,  besides  causing  gastritis,  it  has  usually  been  credited 
with  a special  aptitude  to  produce  cirrhosis  of  the  liver. 

Gin  (Geneva),  Schiedam,  or  Hollands,  is  obtained  by  distilling  un- 
malted grain.  It  contains  a somewhat  varying  amount  of  alcohol  (20  to 
40  per  cent),  and  a little  sugar.  It  is  flavoured  with  oil  of  juniper,  to 
wliich  its  diuretic  action  is  due.  Gin  may  be  considered  as  a flavoured 
and  rectified  variety  of  whisky ; it  has  much  the  same  effect  as  whisky. 
It  has  been  adulterated  with  sulphuric  acid,  zinc,  lead,  alum,  and  cayenne. 
When  sweetened  and  diluted  by  the  retailers  gin  is  known  as  gin  cordial 
or  “Old  Tom.”  Unlike  whisky,  brandy  and  rum,  it  does  not  improve 
by  keeping. 

Rum  is  made  by  fermenting  molasses ; its  flavour  is  due  to  ethyl 
butyrate ; it  has  an  alcoholic  strength  of  40  to  80  per  cent ; its  dark 
colour  is  due  to  burnt  sugar. 

Brandy  varies  in  alcoholic  strength  from  40  to  60  per  cent.  Cognac 
and  the  better  kinds  of  brandy  are  distilled  from  wine ; ordinary  brandy 
is,  however,  often  obtained  from  malt.  The  flavour  is  due  to  ethers 
derived  from  the  wine  from  which  it  is  distilled.  It  obtains  its  colour 
from  the  oak  casks  in  which  it  is  stored,  and  sometimes  from  added 
caramel.  It  may  be  adulterated  with  methyl  and  amyl  alcohols,  salts 
of  zinc,  of  lead,  or  of  copper,  salicylic  acid,  and  cayenne.  Brandy  is 
supposed  to  be  particularly  apt  to  give  rise  to  delirium  tremens. 

Arrack  is  the  fermented  juice  of  the  cocoa-nut  tree,  palmyra,  and 
other  palms ; common  kinds  are  obtained  from  rice.  The  alcoholic 
strength  is  52  per  cent.  Hindoos  and  Malays  consume  much  of  it. 
Indian  hemjD  is  sometimes  put  in  to  poison  the  drinker. 

In  Koumiss  and  Refer,  obtained  from  fermented  mare’s  milk,  a double 
fermentation — lactic  and  vinous — takes  place.  The  amount  of  alcohol 
is  less  than  2 per  cent. 

(iv.)  Liqueurs  are  strong  spirits  SAveetened  with  sugar,  flavoured  vith 
aromatic  substances,  and  artificially  coloured.  Liqueurs  of  British  manu- 
facture are  usually  inferior,  and  are  knoAvn  as  cordials.  Bitters  are  a 
special  kind  of  liqueur  Avith  tonic  or  medicinal  properties.  Gentian  is 
the  staple  bitter. 

Cura9oa  is  flavoured  Avith  orange  peel ; KirscliAvasser  and  Maraschino 
Avith  cherries.  The  flavour  of  Chartreuse  is  complex,  but  is  chiefly  due 
to  balm  leaA’^es  and  tops. 

Absinthe,  of  Avhich  there  are  several  varieties,  is  a bitter  liqueur  and 
is  not  drunk  neat,  as  are  the  other  liqueurs,  but  Avell  diluted  Avith  AA\ater. 
It  contains,  besides  Amlatile  oils  such  as  cinnamon,  cloves,  peppermint, 
anise,  and  angelica,  only  0'33  per  cent  of  the  oil  of  AVormAVOod  {Artemisia 
ahsinthum),  Avhich  is  responsible  for  its  peculiar  toxic  effects,  from  45  to 
7 5 per  cent  of  absolute  alcohol,  traces  of  chlorophyl,  and  sometimes  sugar. 
It  has  a convulsive  action,  stimulating  not  only  the  cortex,  thus  giving  rise 
to  epilepsy,  but  also  the  centres  in  the  medulla ; according  to  Prof.  Boyce 
the  cord  is  not  affected  by  absinthe. 

Chronic  Ahsinthism. — In  these  cases  there  are  digestive  distimbances. 
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thii-st,  emaciation,  loss  of  hair,  patches  of  cutaneous  am-esthesia  preceded 
by  itching,  tremor,  giddiness,  depression  passing  into  melancholy  or 
dementia,  and,  as  already  mentioned,  epileptic  fits  which  vary  dircctlv 
with  the  amount  of  the  poison  taken.  “ Absintheurs  ” sutler  from 
hallucinations  of  hearing  and  sight  quite  apart  from  any  condition  like 
(.lelirium  tremens,  and  become  utter  wrecks  physically  and  mo^all)^  The 
drug  is  chiefly  drunk  in  Paris,  where  it  was  introduced  after  the  Algerian 
war  of  1844-7  by  the  soldiers  who,  when  on  service,  had  been  advised 
to  mix  absinthe  with  their  wine  as  a febrifuge. 

(v.)  Other  Alcoholic  and  Allied  Liquids  Employed  to  Prodme  Intoxication. 
— Ether  is  occasionally  taken  to  induce  intoxication.  [Vide  p.  974.] 
Women  have  recom-se  to  tincture  of  lavender,  ean-de-cologne,  and 
even  tooth-Avashes  to  satisfy  their  craAungs  for  intoxication ; and  are  thus 
enabled  to  drink  secretly.  Tinctiu’e  of  capsicum,  which  has  often  been 
employed  medicinally  to  overcome  drink-craving,  has  also  itself  been  used 
to  produce  drunkenness.  Jamaica  ginger  was  so  extensively  consumed 
in  Georgia  (X.  Kerr)  that  it  has  been  scheduled  there  as  an  intoxicant. 
Its  eflects  are  said  to  he  more  depressing  than  those  of  alcohol  alone. 


Alcoholism 

Etiology. — The  causes  of  alcoholism  may  be  divisible  into  the  usual 
two  headings  ; — {a)  Disposing  causes  include  the  factors  which  are  inhei'ent 
in  the  indiAudual  himself,  such  as  a special  idiosyncrasy  or  susceptibility  to 
alcohol  due  to  hereditary  causes,  and  also  any  acquired  susceptibility  such 
as  may  result  from  sun-stroke  or  injuries  to  the  head.  The  influences 
exerted  on  the  patient  by  his  surroundings,  profession,  occupation,  or 
trade  are  included  under  this  head.  Hereditary  taint  may  he  traced  in 
a very  large  proportion  of  alcoholic  cases — it  is  said  in  nearly  a moiety. 
The  children  of  drunkards  are  exitremely  susceptible  to  the  influence  of 
alcohol ; a quantity  that  would  not  affect  ordinary  persons  intoxicates 
them,  and  produces  results  not  so  readily  seen  in  more  normal  persons. 
The  cra\dng  for  alcohol  seems  to  be  handed  domi  to  them,  and  they  take 
to  drink  as  a duck  to  water.  It  has  been  said  that  Avhen  the  father  has 
been  a drunkard  it  is  rather  the  moral  nature  of  the  offspring  Avhich  is 
altered ; Avhen  the  taint  is  on  the  mother’s  side,  that  the  brain  and  nerves 
are  particularly  liable  to  suffer ; the  mother’s  influence  is  said  to  be  the 
more  powerful  of  the  two.  Drunkenness  not  .only  breeds  alcoholic 
tendencies  but  produces  a decidedly  neurotic  taint  and  a disposition  to 
insanity ; conversely,  the  offspring  of  neurotic  or  insane  parents  may  bo 
frarticularly  susceptible  to  the  effects  of  alcohol.  The  influence  of  heredity, 
therefore,  consists  in  an  unstable  condition  of  the  nervous  system,  Avhich 
may  be  due  either  to  drunkenness  or  to  di.sorder  ol  the  nervous  systciu 
in  the  parents.  Thus  drunkards  beget  “ neuropaths  ” or  “ degenerates, 
and  neuroi)aths  again  may  have  drunken  offspring.  Drunkenness  has 
l>een  divided  into  (n)  sinq/le  or  acquired,  and  (h)  complicated  or  patho- 
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logical  j with  the  latter  we  are  now  dealing.  The  effect  of  alcohol  is 
different  in  the  two  cases  : a degenerate  person  suffers  more  severely  and 
more  rapidly.  Thus,  he  is  more  likely  to  die  of  delirium  tremens,  while 
an  ordinary  drunkard  lives  on,  and  eventually  perhaps  dies  of  cirrhosis  of 
the  liver.  Not  only  does  the  degenerate  person  become  affected  earlier, 
and  in  a greater  degree,  but  the  manifestations  are  somewhat  different, 
and  are  especially  connected  with  the  nervous  system.  Instead  of  the 
classical  intoxication,  a maniacal,  melancholic,  or  suicidal  drunken  fit 
follows  a debauch.  Delirium  tremens  is  more  frequent ; its  stages  are 
more  prolonged,  and  are  manifested  more  gradually  than  in  ordinary 
drinkers.  Impulsive  drunkenness  or  dipsomania  is  the  result  of  an 
hei'editary  taint,  though  it  may  come  on  when  instability  and  loss  of 
inhil)itory  power  in  the  nerve-cells  of  the  cortex  have  been  acquired ; as, 
for  instance,  after  sun-stroke  or  head  injuries.  .Such  a sufferer,  however 
healthy  the  stock  of  which  he  comes,  after  a blow  on  the  head  or  a sun- 
stroke may  become  extremely  susceptible  to  alcohol  j just  as  if  he  were 
the  offspring  of  drunkards  or  neurotics.  Of  the  two  sexes,  males  are 
more  often  the  subject  of  alcoholism  than  females.  In  the  ten  }'ears  ended 
1904  the  Registrar-General’s  returns  for  England  and  Wales  shew  that 
26,426  persons  died  from  alcoholism  (including  delirium  tremens);  of 
these  15,681,  or  59'34  per  cent,  were  males,  and  10,745,  or  40'66  per 
cent,  females.  During  the  same  period  the  deaths  from  cirrhosis  of  the 
liver'were  55‘6  per  cent  males  and  44‘4  per  cent  females.  The  drink- 
habit  almost  always  develops  before  the  age  of  35,  and  somewhat  rarely 
after  50.  Of  the  total  deaths  from  alcoholism  in  1904  in  England  and 
Wales  91  per  cent,  according  to  Dr.  Tatham,  occurred  within  “the  work- 
ing period  of  life,”  viz.,  from  25  to  65  years,  whilst  the  proportion  of 
deaths  from  other  causes  within  the  same  limits  of  age  did  not  exceed  31 
per  cent  of  the  total  at  all  ages. 

Tlie . influence  of  occupation  is  well  marked.  The  liquor  traffic 
naturally  is  pre-eminent  as  a hot-bed  of  intemperance.  Next,  but  long 
after,  come  trades  necessitating  exposure  to  severe  weather — those  of 
cabmen,  drivers,  night-watchmen,  bargemen,  and  hawkers.  Soldiers  and 
domestic  sei'vants  shew  a considerable  degree  of  intemperance.  Sailors, 
partly  from  force  of  circumstance,  partly  perhaps  that  their  outdoor  life 
counteracts  the  evil  results  of  alcoholic  excess,  are,  as  a class,  either 
more  temperate  or  less  poisoned  than  soldiers.  The  church  has  the  post 
of  honour  in  the  list ; among  the  other  professions  the  schoolmasters 
approach  most  nearly  to  the  ministers  of  religion,  then  officers  in  the 
army  and  navy,  then  medical  men,  and  then  lawyers.  Indoor  occupa- 
tions have  been  said  to  dispose  to  alcoholism  from  their  dulness  and 
monotony,  and  also  because  the  effects  of  drink  are  not  counteracted  by 
active  exercise  in  fresh  air. 

Apart  from  direct  inheritance,  the  surroundings  of  the  individual, 
convivial  or  miserable,  and  the  example  of  his  parents  have  a considerable 
influence,  especially  in  the  lower  classes  and  in  crowded  populations. 
Race  may  be  a factor  of  some  importance.  The  Jews  are  very  temperate; 
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possibly  this,  and  the  care  they  take  in  selecting  their  food,  may  account 
for  their  comparative  freedom  from  tuberculosis.  The  inhabitants  of  cold 
or  temperate  countries  are  more  addicted  to  alcoholic  excesses  than  those 
of  the  tropical  climates. 

Increased  prosperity  of  the  country  means  an  increased  consumption 
of  alcoholic  liquors  per  head  of  the  population ; thus  the  consumption  of 
beer  per  hejid,  which  was  24^  Imperial  gallons  in  1861,  and  29'7  in  1903, 
touched  its  highest  point  in  1874,  a year  of  great  prosperity,  at  34  gallons. 
In  wines  and  spu-its  together  the  consumption  per  head  in  1861  was  6| 
pints,  in  1875  lOJ  pints,  and  in  1903  7^  pints  per  head. 

(i>)  Exciting  causes. — Mental  distress,  loss  of  relations,  friends,  money, 
or  reputation,  drives  many  a sober  man  to  the  bottle.  The  desire  to 
forget  leads  to  much  diinking,  especially  among  women ; and  over-work, 
the  desire  to  tide  over  a crisis,  worry  and  its  oft-accompanying  sleepless- 
ness, social  gatherings,  nay,  even  the  wine  of  the  Eucharist,  may  be  the 
means  of  awakening  a dormant  taint  or  of  sowing  the  seeds  of  the  drink 
habit.  Failing  health,  rheumatic  or  other  pain,  neuralgia,  megrim,  dys- 
pepsia, menstrual  troubles,  or  the  disturbance  of  the  menopause  may  act 
in  the  same  way.  Taken  first  as  an  anodyne,  the  habit  grows  and  a 
definite  craving  becomfes  established.  Chronic  alcoholism  has  been 
developed  in  a total  abstainer  who  was  taking  a patent  tonic  medicine 
which,  unknown  to  him,  contained  alcohol  (17).  Sir  Isambard  Owen, 
from  the  data  of  the  Collective  Investigation  Report,  estimated  that  one 
in  every  three  of  the  population  is  liable,  under  appropriate  conditions, 
to  develop  this  morbid  taste.  The  craving  is  rather  for  the  after-effects 
than  for  the  aesthetic  pleasure  experienced  by  the  palate ; the  taste  of  the 
drink  itself,  indeed,  is  to  some  drunkards  positively  offensive.  The  means 
emploj’ed  may  be  pleasant  or  repulsive ; expensive  -wines,  raw  spirits,  or 
whatsoever  comes  to  the  hand. 

The  morphine,  cocaine,  and  drink  cra-\dngs  are  much  alike ; from  its 
ubiquity  alcohol  is  the  means  ihost  commonly  employed,  and  once 
adopted  is  continued. 

Acute  Alcoholism 

Drunken  Fit. — The  ordinary  phenomena  of  intoxication  are  too 
familiar  to  need  much  description.  As  with  other  poisons  or  drugs,  there 
i.s  no  constancy  in  the  dose  of  alcohol  which  produces  distinct  results,  or 
in  the  character  of  these  effects  in  different  persons.  In  some  persons 
a small  amount  will  produce  most  marked  and  violent  intoxication  ; 
this  is  especially  the  case  when  there  is  an  hereditary  “alcoholic 
taint.”  The  nervous  system  being  unstable  needs  but  little  of  the 
poison—”for  such  it  is  in  these  cases  ■ to  distuib  its  baltiuce 
and  U>  precipitate  a condition  which  might  lie  compared  to  temiiorary 
insanity.  In  cases  with  a family  history  of  insanity  the  iiiHuence  of  the 
taint  may  shew  itself  in  maniacal  excitement,  in  a suicidal  or  homicichd 
tendency,  or  in  other  imitations  of  recognised  mental  disease.  This 
extreme  susceptibility  to  the  iiifluenct/  of  alcohol  may  also  depend  on  .>11 
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acquired  condition  of  nervous  instability,  such  as  follows  a blow  on  the  head 
or  a sun-stroke.  Early  in  ordinaiy  intoxication  a want  of  self-control 
becomes  evident,  the  silent  man  becomes  confident  and  exjjansive,  the 
habitually  modest  man  boastful  and  egoistical ; the  restraint  of  reason  is 
removed,  and  free  pla}'  given  to  the  expression  of  the  feelings.  As  the 
clouding  of  the  higher  psychical  centres  concerned  with  thought,  dis- 
crimination, and  the  control  of  the  emotions  advances,  it  spreads  onwards 
to  the  motor  areas  ; incoordination  of  ideas  is  succeeded  by  incoordination 
of  speech  and  motion.  Sometimes,  however,  the  order  may  be  reversed, 
and  a person  apparently  sober  so  long  as  he  is  sitting  down,  may  find  on 
getting  u])  that  he  is  no  longer  master  of  his  legs,  and  walks  like  a man 
Avith  ad\mnced  locomotor  ataxia.  These  effects  of  alcohol  ha\'e  been 
compared  Avith  those  of  advancing  mental  disease ; general  paralysis  of 
the  insane,  Avith  its  progressive  disintegration  of  the  nervous  system, 
being  imitated  by  temporary  intoxication.  Dr.  Maudsley  describes 
drunkenness  as  a brief  chronicle  of  the  successive  phases  of  insanit}' 
displayed  in  a short  jDeriod  of  time.  First  there  is  a condition  of  stimu- 
lated energy  Avith  Aveakened  self-control,  like  the  mental  excitement  AA'hich 
often  precedes  mania;  then  folloAV  motor  and  sensory  disorders,  inco- 
herence  of  ideas,  uncontrolled  excitement  or  unreasoning  melanchol3" ; 
and,  lastly,  a condition  of  stupor  which  might  be  called  temporary 
dementia. 

When  the  full  narcotic  effect  of  alcohol  has  come  about,  the  indiAudual 
is,  as  it  is  commonly  called,  dead  drunk.  In  this  state  of  alcoholic  coma 
the  vasomotor  centre  is  paralysed,  and,  as  a result  of  this,  injuries  Avhich 
Avould  kill  a sober  man  by  shock  have  comparatively  little  effect  on  the 
drunkard. 

Acute  Alcoholic  Poisoning. — AVhen  a large  quantity  of  strong  spirit 
is  taken  at  once — as,  for  instance,  Avhen  a bottle  of  Avhi.sky  or  brandy  is 
drunk  off  for  a Avager — the  effect  may  be  so  extreme  that  death  rapidly 
folloAvs. 

Such  an  event,  hoAvever,  is  rare : it  more  often  happens,  when  a 
quantity  of  strong  spirit  is  taken,  that  considerable  collapse  from  the 
irritating  effect  of  the  poison  on  the  stomach  Avails  comes  on ; then,  as 
absorption  takes  place,  the  patient  gradually  passes  into  a state  of  coma 
like  that  Avhich  results  Avhen  a large  quantity  of  alcohol  is  imbibed 
gradually.  This  coma  is  due  to  the  narcotic  action  of  alcohol  on  the 
nerve-cells  of  the  cerebral  hemispheres.  The  unconsciousness  is  of  vary- 
ing degree ; generally  the  patient  can  be  roused  by  persistently  tapping 
the  forehead  or  slapping  the  face,  or  by  the  application  of  the  batter}\ 
The  limbs  are  flaccid,  but  there  is  no  difference  betAveen  the  tAvo  sides,  as 
in  hemiplegia ; the  skin  may  be  flushed  and  someAvhat  cyanosed,  but  is 
usually  cold ; the  pupils  arc  equal  and  generally  dilated.  The  pidse  is 
full,  and  the  breathing  deep  and  sometimes  stertorous.  The  breath  has 
an  alcoholic  odour,  but  little  stress  should  be  laid  on  this,  as  cerebral 
luemorrhage  or  epilepsy  ma}q  of  course,  come  on  after  drinking ; or 
opium  or  other  narcotic  poisons,  such  as  chloral,  maj"  have  been  mixed 
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with  the  alcohol ; or  again,  with  the  best  intentions,  friends  or  bystanders 
may  have  poured  some  stimulant  into  the  patient’s  mouth  after  he  began 
to  be  ill.  Muscular  twitching  or  general  convulsions  may  occur,  and 
these,  if  often  repeated,  may  lead  to  the  status  epilepticus.  If  this 
occur  the  temperature  may  rise  until  death  closes  the  scene,  apparently 
from  hyperpyrexia ; still  more  rarely  death,  after  an  epileptic  fit,  ma}'- 
occur  quite  suddenly  from  syncope,  with  but  little  pyrexia.  The  occur- 
rence of  convulsions,  however,  is  a comparatively  infrequent  event  in 
acute  alcoholic  poisoning,  the  usual  course  being  that  of  narcotic  poison- 
ing. The  factors  which  in  certain  cases  are  responsible  for  these  epileptic 
manifestations  are — (a)  The  existence  of  ordinary  epilepsy  in  the  patient 
or  of  an  hereditary  taint ; here  drinking  is  one  of  man}^  events  which 
may  precipitate  an  attack,  (t)  The  conAudsive  action  of  certain  alcoholic 
drinks ; thus,  absinthe  and  fiuiurol  (which  is  found  in  spirit  made  from 
rye)  give  rise  to  a toiric  epilepsy.  Butyl  and  propyl  alcohols  have  a 
similar  convulsive  action  on  animals,  which  ethyl  or  amyl  alcohols  do  not 
possess. 

It  is  the  exception  to  find  the  temperature  raised  in  alcoholic 
poisoning;  as  a rule  it  is  depressed — sometimes  to  an  extreme  degree. 
If,  howeA’^er,  the  individual  be  inured  to  alcohol  the  depressing  effect 
on  the  temperature  is  greatly  diminished  or  absent.  The  coma  may 
gradually  deepen,  and  death  from  paralysis  of  the  I'espiratory  centre  occur, 
or  perhaps  the  patient  may  come  round  and  then  die  somewhat  suddenly. 
In  the  great  majority  of  cases,  hoAvever,  appropriate  treatment  is  folloAved 
by  recovery. 

diethyl  or  wood  alcohol  produces  intoxication  similar  to  that  of  ethyl 
alcohol,  but  the  onset  is  slow  and  its  dm-ation  remarkably  prolonged — 
even  for  three  or  four  days.  Amblyopia  may  folloAv  a single  debauch  ; 
changes  occur  in  the  nerve-cells  of  the  retina  and  in  the  optic  nerve,  and 
have  been  referred  to  the  action  of  formic  acid  produced  by  the  oxidation 
of  metliyl  alcohol  in  the  body. 

Diagnosis. — With  a clear  account  of  the  event  there  may  be  little 
doubt ; but  more  often  the  diagnosis  is  one  of  probability  only,  and  not 
infrequently  it  is  impossible  to  be  absolutely  sure  of  the  cause  of  coma 
in  a person  found  in  this  state.  In  such  circumstances  the  patient  should 
be  kept  under  careful  supervision,  and  not  left  to  sleej]  oft' a supposed 
drunken  fit  Avhich  may  eventually  turn  out  to  be  a state  due  to  gross 
cerebral  le.sion. 

Alcoholic  coma  may  have  to  be  diagnosed  from  post-epileptic  suites, 
from  fracture  of  the  skull,  from  intracranial  haemorrhage,  from  poisoning 
by  narcotic  poi.sons,  and  from  the  toxiemic  coma  of  diabetes  or  of  uramiia. 

In  distinguishing  alcoholic  coma  from  post-cpiloptic  stupor  the  history 
and  the  condition  of  the  tongue  (whether  bitten  or  not)  ivill  help.  ^ In 
caac.s  where  di'inking  ha.s  brought  on  an  attack  in  an  opilc])tic  subject, 
the  condition  is  one  of  cpilciwy,  and  not  necc.s.sarily  of  alcoholic  iioi.soning 
— since  a small  amount  of  stimulant  may  produce  this  result,  and  the 
treatment  should  be  directed  accordingly. 
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Fractures  of  the  skull  may  of  course  complicate  drunkenness,  and  the 
coma  may  be  due  to  depressed  Tjone  or  meningeal  haemorrhage. 

In  cerebral  haemorrhage  and  in  pontine  haemorrhage,  pin-point  pupils 
arc  usually  present ; the  breathing  is  generally  stertorous,  but  too  much 
stress  must  not  be  laid  on  this,  <as  it  depends  more  upon  the  dorsal  position 
than  on  the  cause.  If  doubt  still  exist  it  is  wisest  to  wash  the  stomach 
out,  and  then  treat  the  case  as  one  of  cerebral  haemorrhage.  Even  if  the 
contents  of  the  stomach  smell  of  alcohol  there  may  still  be  an  inti-acranial 
lesion,  since  the  excitement  of  a stimulant  may  be  the  immediate  cause  of 
cerebral  haemorrhage.  The^  bladder  if  full  should  be  emptied,  as  some 
information  may  be  derived  from  examination  of  the  ririne.  The  presence 
of  alcohol  in  the  urine  would  point  to  the  ingestion  of  a large  quantity, 
and  to  the  strong  probability  that  the  case  is  one  of  alcoholic  poisoning. 
A considerable  amount  of  albumin  or  sugar  would  suggest  uraemic  or 
diabetic  coma ; but  small  quantities  of  either  may  be  the  result  of  intra- 
cranial lesions,  and  must  not  be  confidently  relied  upon  to  indicate  the 
cause  of  the  symptoms. 

Treatment. — In  an  ordinary  case  of  drunkenness  no  special  treatment  is 
required ; but  when  there  is  much  stupor,  or  when  coma  is  imminent, 
the  stomach  should  be  washed  out  by  means  of  a soft  rubber  tube  and 
funnel,  and  the  patient  roused  by  the  application  of  the  batter}^  or 
slapping  with  wet  towels.  When  sufficiently  awake,  strong  coffee  may 
be  given,  and  the  patient  put  into  a warm  bed.  Any  signs  of  collapse 
must  be  treated  by  hot  applications,  friction,  and,  if  need  be,  by  a hypo- 
dermic injection  of  liquor  strychninse  or  ether. 

Violent  delirium  or  maniacal  excitement  may  be  rapidly  subdued  by 
the  hypodermic  injection  of  apomorphine,  which  is  followed  by  vomiting 
and  also  by  very  considerable  prostration.  Convulsions,  if  recurrent, 
may  be  treated  by  the  careful  inhalation  of  chloroform,  and  the  rare  but 
dangerous  pyrexia  by  the  cold  pack.  As  recovery  proceeds  gastritis  will 
require  appropriate  treatment,  which  may  with  advantage  begin  with  a 
sharp  purge. 

Morbid  Anatomy. — Congestion  and  acute  inflammation  of  the  stomach, 
which  result  from  the  irritating  effect  of  strong  spirit,  ma)^  go  on  to  a 
superficial  ulceration,  but  it  does  not  usually  pass  beyond  the  catarrhal 
stage  in  which  the  mucoTis  membrane  is  covered  with  rop}'^  mucus.  The 
intestines  and  oesophagus  have  been  described  as  shewing  a capillary 
injection  of  a bright  red  colour. 

Haemorrhages  in  the  brain  and  lungs  have  been  found  in  some  cases. 
The  brain  has  been  described  as  having  a distinctly  alcoholic  odour,  but 
this  is  certainly  not  present  in  all  cases.  As  shewn  b}’’  animal  experiments, 
alcoholic  poisoning  produces  alterations  in  the  nerve-cells,  the  protoplasmic 
processes  of  which  undergo  the  moniliform  change,  Avhile  chromatol3’^sis  or 
disappearance  of  the  Nissl  granules  occurs  in  the  cell-bodies.  These 
changes  are  not  special  to  alcoholic  intoxication  since  they  occur  in  other 
conditions. 
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Chronic  Alcoholism 

Chronic  alcoholism  is  the  condition  which  results  from  the  toxic 
effects  of  long-continned  alcoholic  excesses  on  all  the  organs  and  tissues  of 
the  body,  but  especially  on  the  nervous  and  digestive  systems.  It  does 
not  include  the  results  of  alcoholic  excess  when  focussed  on  particular 
organs — such  as  dementia,  peripheral  neuritis,  or  cirrhosis — but  is  the 
aggregate  of  the  symptoms  resulting  from  the  earlier  or  preliminary 
sHiges  of  these  and  other  morbid  changes.  The  constant  action  of  the 
poison  leads  to  the  establishment  first  of  functional  and  later  of  structural 
alterations.  The  functional  and  metabolic  changes  induced  in  the  fii'st 
instance  by  the  toxic  action  of  alcoholic  beverages  lead  to  a secondary 
auto-intoxication,  so  that  the  disease  known  as  chronic  alcoholism  is  the 
outcome  of  these  closely  related  factors. 

From  the  continued  activity  of  the  temperance  movement,  and  from 
the  general  belief  that  drinking  habits,  at  any  rate  in  the  upper  and 
middle  classes,  are  much  less  than  in  past  time,  it  might  naturally  be 
expected  that  alcoholism  would  be  less  frequent.  Data  for  determining 
this  point  are  difficult  to  obtain ; in  so  far  as  the  death-rate  from  in- 
temperance is  an  index  of  the  existing  frequency  of  alcoholism,  this  is  not 
the  case ; indeed,  until  the  end  of  the  last  century,  the  reverse  held  good. 
The  Registrar-General’s  returns  shew  that  the  death-rate  from  alcoholism 
for  the  quinquennial  periods  since  1866  steadily  increased  from  3 5 ’4  to 
85‘8  per  million  living  in  the  quinquennium  1896-1900.  Since  then 
there  has  been  a fall,  thus,  though  the  death-rate  per  million  living  in  1901 
was  96,  it  .stood  at  84,  76,  70  for  the  years  1902,  1903,  1904.  The 
death-rate  from  cirrhosis  of  the  liver,  which  is  closely  • connected  with 
that  of  alcoholism,  during  the  same  periods  advanced  from  41 ‘9  (in 
1866-70)  to  134-6  (in  1896-1900),  and  has  fallen  to  117  per  million 
Imng  both  in  1903  and  1904.  Df.  Tatham  points  out  that  while  these 
figures  justify  the  hope  that  there  has  at  any  rate  been  no  increase  in  the 
loss  of  life  due  to  intemperance,  it  would  be  rash  to  assume  a substantial 
improvement  in  this  direction  until  the  fall  in  the  fatality  of  those  diseases 
that  are  most  obviously  associated  with  this  habit  shall  have  become  more 
pronounced  than  is  at  present  the  case.  The  official  returns  shew  that 
the  consumption  of  alcoholic  drinks  per  head  of  the  population  in  the 
United  Kingdom  has  increased  since  1856;  in  that  year  22’6  imperial 
<^allon3  of  beer  and  1 '26  gallons  of  wine  and  spirits  Avore  consumed  per 
head  of  the  population  : in  1903  the  amounts  Avero  29‘7  gallons  and  1 '32 
gallon.3.  In  years  of  prosperity  such  as  1874,  Avhen  34  gallons  of  beer 
represented  the  cormumption  per  head,  and  1875,  Avhen  1-81  gallons  of 
wine  and  spirits  were  taken,  the  amounts  were  much  highei. 

80  far  as  statistics  go,  therefore,  and  they  must  not  be  ]>ressed  too 
far,  there  is  reason  to  fear  that  alcoholism,  although  it  appeals  to  be 
diminished  in  some  Avalks  of  life,  is  not  really  less  frcijucnt  in  one  Ai.iy 
or  another  than  formerly.  Secret  drinking  may  have  increased,  or  the 
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frequent  use  of  “ nips,”  which  does  nob  bring  about  the  grosser  forms  of 
(Iruukenuess.  The  increase  of  wealth  and  luxury  no  doubt  leads  to  a 
large  use  of  alcohol  as  an  element  of  “ good  living.’  On  the  other  hand, 
the  diminution  of  ordinary  drinking  is  plain  not  only  to  every  house- 
keeper and  to  every  magistrate,  but  also  to  the  breweries. 

Morbid  Anatomy. — -The  action  of  alcohol  as  a protoplasmic  poison  is 
of  paramount  importance  and  is  directly  or  indirectly  responsible  for  the 
numerous  morbid  changes  found  in  the  organs  and  tissues  of  chi-onic 
<alcoholics.  As  mentioned  elsewhere,  some  of  the  changes  are  directly  due 
to  the  toxic  action  of  alcohol,  while  others  are  the  outcome  of  auto- 
intoxication set  up  by  alcohol.  The  changes  are  very  vaided,  few,  if  any, 
are  special  to  alcoholism  and  only  a small  number  may  be  present  at  the 
same  time. 

The  Alimentary  Canal. — Chronic  congestion  and  catarrh  of  the  pharynx 
and  pharyngitis  are  commonly  met  with.  Chronic  oesophagitis  has  been 
attributed  to  alcoholic  excess,  and  it  has  been  thought  that  dilatation  of 
the  veins  at  the  lower  end  of  the  oesophagus  may  be  due  to  alcohol  even 
in  the  absence  of  portal  obstruction  and  cirrhosis. 

Alcoholism  is  a frequent  cause  of  chronic  gastritis ; the  mucous  mem- 
brane becomes  thickened  and  fibrosed,  and  shews  scattered  areas  of 
pigmentation,  more  especially  in  the  region  of  the  pylorus,  due  to  chronic 
congestion.  The  gastric  glands  undergo  degenerative  changes,  and 
eventually  atrophy.  In  beer-drinkers  the  stomach  may  be  greatly  dilated. 
Acute  gastritis  or,  in  rare  cases,  purulent  gastritis  may  be  produced  liy 
infection  supervening  in  an  organ,  the  resistance  of  which  has  been 
reduced  by  alcohol.  Oral  sepsis  is  often  an  important  factor  in  these 
cases. 

Chronic  congestion  leading  on  to  catarrh  is  common  in  the  intestines, 
but  there  are  no  very  manifest  naked-eye  lesions  in  the  intestines  directly 
due  to  alcoholism.  Piles,  due  to  former  constipation,  may  be  made  to 
bleed,  and  may  become  extremely  irritable  after  alcohol  has  been  taken. 

Chronic  pancreatitis  with  or  without  hepatic  cirrhosis,  may  be  caused 
by  alcoholism.  It  is  probable  that  duodenal  catarrh  may  spread  into  the 
pancreatic  duct  and  so  set  up  chronic  inflammatory  changes  in  the  gland. 
There  is  reason  to  believe  that  alcoholism  commonly  induces  glycosuria 
and  may  cause  diabetes. 

Am-r.— The  common  change  found  in  the  liver  in  chronic  alcoholism 
is  a deposition  of  fat  in  the  hepatic  cells  which  may  lead  to  considerable 
enlargement  of  the  organ.  The  change  formerly  spoken  of  as  fatty 
degeneration  is  probably  a pathological  fatty  infiltration  brought  about  bj’ 
toxic  action,  the  vitality  of  the  cells  being  lowered  and  deposition  of  fat 
thus  favoured.  The  most  striking  change  in  the  liver  of  chronic  alcoholics 
is  multilobular  or  portal  cirrhosis.  The  rare  hypertrophic  biliary  cirrhosis 
or  Hanot’s  disease  has  no  special  relation  to  alcoholism.  From  the  failure 
to  produce  hepatic  cirrhosis  in  animals  by  the  administration  of  alcohol  it 
appears  that  alcohol  is  responsible  for  cirrhosis  in  an  indii-ect  fashion, 
namely,  by  setting  up  gastro-enteritis  which  gives  rise  to  poisons  possessing 
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ii  sclerogonic  ettect  011  the  liver.  Cirrhosis  of  the  liver  far  more  often 
follows  alcoholic  excess  than  any  other  factor.  But  it  is  noteworthy  that, 
although  alcohol  is  the  main  antecedent  of  cirrhosis,  it  is  h}'  no  means  so 
common  for  cirrhosis  to  occur  in  the  course  of  chronic  alcoholism.  Thus, 
Fonnad  in  250  post-mortems  on  confirmed  drunkards,  who  had  died 
suddenly  from  the  eftieet  of  alcohol,  found  cirrhosis  in  six  only,  and  con- 
cluded from  this  that  alcohol  does  not  produce  cirrhosis.  Further,  it  is 
remarkable  how  rare  cirrhosis  is  in  women  with  well-marked  alcoholic 
neuritis.  Possibly  the  contrast  between  the  frequency  with  which  alcoholism 
figures  in  the  history  of  cirrhosis,  and  the  percentage  of  cirrhosis  in  con- 
firmed drunkards,  may  be  explained  by  supposing  that  when  the  liver  is 
susceptible  and  likely  to  sufter  from  the  action  of  alcohol,  it  becomes  affected 
comparatively  quickly  ; so  that,  before  the  clinical  picture  of  chronic 
alcoholism  has  had  time  to  be  completed,  the  symptoms  of  hepatic  cirrhosis 
become  clearly  outlined.  The  statement  that  cirrhosis  may  follow  pro- 
longed exposure  to  alcoholic  fumes  apart  from  any  consumjDtion  of  the 
liquor  is  very  difficult  to  prove. 

It  has  generally  been  supposed  that  the  production  of  inflammatory 
changes  in  the  connective  tissue  of  the  portal  canals,  leads  to  the 
formation  of  new  fibrous  tissue  which  compresses  and  produces  atrophy 
of  the  liver-cells.  It  is  probable,  however,  that  the  morbid  processes 
in  cirrhosis  are  not  limited  to  the  formation  of  inflammatory  tissue, 
but  that  changes  in  the  hepatic  cells  and  proliferation  of  the  inter- 
stitial connective  tissue  occur  simultaneously,  and  are  due  to  the  same 
cause.  The  view  that  degeneration  in  the  cellular  or  active  part  of 
the  organ  is,  as  in  alcoholic  neuritis,  the  all-important  factor,  and 
that  the  fibrosis  is  a passive  overgrowth,  or  of  the  nature  of  the  fibrous 
substitution  that  occurs  in  old  age  in  some  organs,  has  been  put  forward ; 
but  it  does  not  seem  to  be  borne  out  by  the  histological  appearances, 
which  undoubtedly  shew  an  active  formation  of  young  connective 
tissue.  From  the  direct  action  of  alcohol  on  the  cells,  however,  degenera- 
tive changes  result.  Thus  extensive  fatty  change  may  be  found  in  the 
liver  cells  in  cirrhosis  and  a large  liver  is  produced.  Not  all  large 
cirrhotic  livers,  however,  owe  their  size  to  fat ; many  are  large  in  virtue 
of  compensatory  hyperplasia  of  the  hepatic  cells. 

Hepatic  cirrhosis  is  very  frequently  associated  mth  tuberculosis  else- 
where. Thus  in  7 06  cases  of  cirrhosis  there  was  evidence  of  tuberculosis 
in  209  or  29'6  per  cent  (35),  while  in  75  cases  of  tuberculosis  in  alcoholic 
subjects  there  wjis  cirrhosis  in  46  or  60  per  cent  (Mackenzie).  It  is 
probable  that  alcoholic  cirrho.sis  is  less  frequent  in  persons  who  lead  an 
active  out-door  existence. 

Acute  red  atrophy  (a  ftirther  stage  of  acute  yellow  atrophy  of  the 
liver)  hrus  in  rare  in.stances  been  found  after  excessive  alcoholism  , 
prolxibly  the  action  of  alcohol  as  a protoplasmic  poison  1 educes  the 
resistsince  of  the  organ  and  so  enables  the  actual  cause  of  acute  atrophy  to 
become  active. 

Ki/lncya. — In  hcrtV'y  Ijccr-drinkcn*  the  kidneys  <ire  conuuoid^  kiigc 
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and  hypertrophied  but  shew  no  morbid  change  ; it  is  indeed  a compensa- 
tory process  analogous  to  that  seen  in  diabetes.  The  amount  of  alcohol 
traversing  the  kidneys  is  probably  small  compared  with  that  which  passes 
through  the  liver.  Since,  however,  it  is  a tissue  poison  the  delicate  renal 
epithelium  in  common  with  the  brain  and  nerves,  must  sutler  from  its 
toxic  action,  as  shewn  by  transitory  albuminuria  following  excessive 
drinking.  Some  degree  of  fatty  change  in  the  renal  epithelium  is  common 
in  drunkards.  There  is  considerable  difference  of  opinion  as  to  the 
influence  of  alcoholism  on  the  production  of  granular  kidneys ; some 
statistics  are  opposed  to  the  view  that  alcoholism  is  a factor  in  the 
causation  of  the  disease.  Thus  Dr.  Dickinson  (11)  found  granular 
kidneys  nearly  in  the  same  proportion  in  two  series  of  149  patients, 
one  series  being  made  up  of  patients  who  were  connected  with 
the  liquor  traffic,  and  so  presumably  drinkers,  and  the  other  series 
composed  of  persons  who  were  not  drunkards,  or  brought  in  contact 
in  any  especial  way  Avith  alcohol.  Fonnad,  in  250  sudden  deaths 
occurring  in  confirmed  drinkers,  found  Bright’s  disease  in  25,  and 
concluded  from  this  that  there  is  no  causal  relation  between  drinking 
and  kidney  disease.  It  is,  of  course,  possible  that  hard  drinkers 
are  enabled  to  carry  on  the  practice  in  virtue  of  a comparative  general 
immunity  to  the  toxic  action  of  alcohol ; and  the  fact  that  Formad 
only  found  cirrhosis  of  the  liver  six  times  in  his  cases  supports 
this  hypothesis.  That  confirmed  drunkards  do  not  shew  signs  of 
kidney  disease  does  not  necessarily  prove  that  alcohol  may  not  affect 
the  kidneys  in  more  susceptible  persons ; the  toxic  results  in  such  cases 
might  be  so  marked  as  to  prevent  the  individual  from  drinking  to  excess. 
It  has  been  alleged  that  alcoholism  affects  the  kidneys  indirectly — that 
it  first  leads  to  gout  and  arterial  change,  and  so  to  the  kidney  of  arterio- 
sclerosis. Prof.  Welch  sums  up  that  the  Aveight  of  authority  and 
evidence  supports  the  vieAV  that  excessive  indulgence  in  alcoholic  liquors, 
fermented  as  Avell  as  distilled,  is  an  important  cause  of  chronic  Bright’s 
disease,  especially  of  the  small,  granular  kidney. 

liespiratorii  Organs — Alcohol  is  excreted  by  the  lungs  to  some  extent. 
The  direct  toxic  action  exerted  by  it  on  the  mucous  membrane  is  probably 
the  cause  of  the  bronchial  catarrh  Avhich  is  not  uncommon  in  drinkers. 

Chronic  laryngitis,  Avith  thickening  and  opacity  of  the  mucosa,  Avhich 
becomes  like  the  epidermis  (pachydermia  laryngis),  may  occur  in 
drunkards. 

The  old  notion  that  alcoholism  is  protective  against  the  development 
of  tuberculosis  is  the  reverse  of  the  truth.  Dr.  H.  Mackenzie,  in  67 
cases  of  pulmonary  tubercrrlosis  occurring  in  drinkers,  found  a family 
history  of  tubercle  in  10  only.  Since  a family  history  of  the  disease  is 
jjresent  in  about  30  per  cent  of  the  ordinary  cases,  the  effect  of  alcohol  in 
producing  pulmonary  tuberculosis  is  considerable.  Pulmonary  tuber- 
culosis of  an  active  type  is  A^ery  frequent  in  perij)heral  neuritis  of  alcholic 
origin,  and  has  been  regarded  as  “ trophic,”  and  due  to  changes  in  the 
A'agi.  Such  a factor  may  haA-e  had  some  share  in  the  result ; but  the 
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geneiiilly  debilituting  iiiHuence  of  alcoholism  is  probably  more  important. 
AX  ith  other  forms  of  peripheral  neuritis,  except  the  leprotic,  pulmonary 
tuberculosis  is  not  often  coincident. 

Tubercles  in  the  lungs  are  frequently  found  after  death  in  cases  of 
cirrhosis  of  the  liver,  which  in  the  groat  majority  of  instances  follows 
alcoholic  excess.  In  584  cases  of  cirrhosis  tuberculous  lesions  in  the 
lungs  occurred  in  22'G  per  cent  (35).  Of  Dr.  H.  Mackenzie’s  cases  of 
tuberculosis  in  heavy  drinkers  there  was  cirrhosis  of  the  liver  in  more 
than  one-half ; in  100  consecutive  cases  of  fatal  pulmonary  tuberculosis 
occurring  in  persons  over  20  years  of  age,  in  four  years  at  St.  George’s 
Hospital,  cirrhosis  of  the  liver  in  any  degree  tvas  present  but  12  times. 
In  his  cases  of  alcoholic  pulmonary  tuberculosis  Dr.  PI.  Mackenzie 
observed  excavation  -with  bronchopneumonic  consolidation  and  grey 
tubercles.  The  cases  ran  a rapid  course,  and  fibroid  tubercle  was  com- 
paratively rare  j but  it  must  be  remembered  that  these  were  clinically 
cases  of  tubercidosis,  and  this  observation  does  not  clash  with  the  rule 
that  very  chronic  pulmonary  tuberculosis  is  commonly  present  in  the 
bodies  of  drinkers. 

Nervous  System. — There  is  no  specific  lesion  of  the  hrain  in  chronic 
alcoholism,  and  in  many  drunkards  there  is  no  recognisable  cerebral 
clmnge.  It  is  probable  that  alcohol  does  not  act  directly  on  the  neural 
elements,  but  by  disturbing  metabolism  leads  to  auto-intoxication  and  the 
production  of  toxins  which  cause  the  morbid  changes.  Thickening  of 
the  pia  mater  and  arachnoid,  increase  in  size  of  the  Pacchionian  bodies, 
and  excess  of  the  subarachnoid  fluid  due  to  atrophy  of  the  brain,  are 
common  in  alcoholic  subjects,  but  are  also  normally  found  in  old  persons. 
In  some  cases  the  condition  variously  described  as  “ pachjmaeningitis 
hiemoiThagica  interna,”  “ cyst  of  the  arachnoid,”  or  “ subdural  membrane,” 
has  been  found ; and  not  infrequently  there  are  signs  of  chronic  menin- 
gitis, such  as  thickening  of  the  pia  mater  and  adhesion  to  the  underlying 
cortex.  The  brain  is  shrunken,  and  the  convolutions  distinctly  separated 
by  the  sulci.  The  ependyma  of  the  ventricles  has  been  described  as 
granular  or  villous,  as  in  general  paralysis  of  the  insane.  Microscopically 
the  vessels  passing  in  from  the  pia  mater,  and  those  in  the  biain  sub- 
stance, are  tortuous,  fibrosed,  and  may  shew  hyaline  change  and  miliaiy 
aneurysms.  The  perivascular  lymph-spaces  are  dilated. 

There  may  be  sclerosis  from  hyperplasia  of  the  neimoglia,  diminution 
in  the  number,  degenerative  changes,  and  pigmentation  of  the  nerve-cells 
in  the  superficial  and  other  layers  of  the  cortex.  The  ganglion-cells  may 
be  swollen,  vacuolated,  and  shew  an  absence  of  the  Nissl  granules  or 
chromatolysis,  and  an  eccentric  position  of  the  nucleus  {ride  fig.  7, 
pi.  vi.  vol.  i.). 

Chronic  myelitis,  probably  due  to  meningitis  and  not  shewing  any 
systemic  arrangement,  may  occur  as  the  result  of  injuries  so  slight  that 
but  for  the  accessory  element  of  alcoholism  no  change  would  have  occuri-ed 
in  the  cord  (1  6).  The  condition  may  be  associated  with  neuritis,  but  is 
indcf>endent  of  it.  Degenerative  changes  in  the  cells  in  the  anterior 
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cornua  may  occur,  as  in  other  kinds  of  peripheral  neuritis,  from 
interruption  of  the  axis  - cylinder  processes  of  the  cells.  Systemic 
scleroses  in  the  eord  are  occasionally  seen,  and  when  in  the  ascend- 
ing tracts  might  be  attributed  to  neuritis  or  an  extension  of  the 
same  process.  Bevan  Lewis,  however,  considers  this  by  no  means 
probable,  and  says  the  cord  changes  are  due  to  slowly  encroaching 
sclerous  changes  spreading  from  the  membranes  and  creeping  along  the 
vascular  tracts,  especially  along  the  posterior  median  raphe. 

Nenes. — Optic  neui'itis  in  alcoholic  subjects  may  be  due  to  chronic 
meningitis.  Two  lesions  have  been  described,  retro-bulbar  interstitial 
neuritis  and  atrophy  of  the  nerve-fibres. 

The  changes  on  the  nerves  begin  near  their  peripheral  distribution, 
especially  in  the  intramuscular  branches  of  the  motor  nerves.  First  at 
one  or  more  spots  on  a nerve-fibre  the  medullary  sheath  disappears 
entirely,  the  remainder  of  the  sheath  above  and  below  this  interruption 
still  staining  with  osmic  acid ; the  axis-cylindei'  in  the  affected  part 
becomes  attenuated  and  finally  ruptures.  The  part  of  the  nerve-fibre  be- 
tween the  rupture  and  the  muscle  now  undergoes  Wallerian  degeneration 
(S.  Martin).  The  process  is,  therefore,  primarily  one  of  peripheral  nerve 
poisoning  and  degeneration,  and  not  of  nerrritis  iir  the  ordinary  accept- 
ance of  that  term.  Severe  neuritis  may  come  on  or  be,  so  to  speak, 
preci]^itated  in  an  alcoholic  subject  as  the  result  of  some  infection  or 
other  intoxication. 

The  degenerative  effects  of  alcohol  apj^ear  more  rapidly  in  the 
peripheral  than  in  the  central  nervous  system.  Recovery  occurs  in 
peripheral  neuritis,  unless  the  secondary  degeiierative  changes  in  the 
corresponding  nerve-cells  have  progressed  too  far. 

Heart. — There  is  commonly  excess  of  the  epicardial  fat  and  some 
fatty  infiltration  of  the  heart -walls,  which  may  seriously  embarrass  its 
action.  Fatty  change  in  the  myocardium  is  the  most  important  effect 
produced  by  alcohol  and  leads  to  dilatation  and  in  some  instances 
to  sudden  and  fatal  syncope.  In  many  cases,  however,  there  are  no 
definite  histological  changes ; some  cases  shew  interstitial  myocarditis 
or  patches  of  fibrosis  (Aufrecht),  but  they  are  certainly  not  constant  and 
are  probably  due  to  coronary  disease.  Moreover  the  direct  action  of 
alcohol  on  the  heart-muscle  enfeebles  its  contractile  power  and  so  leads 
to  dilatation.  The  alcoholic  heart  is  dilated,  presents  compensatoiy 
hypertrophy,  and  may  weigh  as  much  as  24  oz.  In  most  cases  the  left 
side  of  the  heart  is  first  and  mainly  affected,  but  in  some  cases  the  chief 
change  is  dilatation  of  the  right  ventricle  (Dreschfeld). 

The  alcoholic  heart  I’esembles  a dilated  heart  due  to  chronic  interstitial 
nephritis,  thoiigh  the  kidneys  only  shew  the  effects  of  chronic  venous 
engorgement  or  of  compensatory  hypertrophy.  The  association  of  cardiac 
kidneys  and  renal  heart  has  often  proved  a stumbling-block.  Sclerotic 
changes  in  the  valves  of  the  heart  in  alcoholic  patients  are  often  regarded 
as  the  result  of  the  toxic  action  of  alcohol ; thus  Prof.  Osier  accepts  this 
explanation  of  some  cases  of  aortic  reflux.  The  dilated  and  hypertrophied 
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hearts  (Munich  or  Tubingen  beer-hearts)  of  those  accustomed  to  drink  beer 
in  excess  may  be  explained  by  supposing  that  at  first  there  is  compensatory 
hypertrophy  in  order  to  deal  tvith  the  increased  volume  of  blood  and 
possibly  with  its  increased  viscosit}',  and  that  eventually  this  compens<itory 
mechanism  breaks  down. 

Arfei'ies  and  J'eins. — Alcohol  is  usually  said  to  produce  arterio- 
sclerosis, but  this  has  been  disputed  by  Cabot.  That  alcohol  may  act 
as  a tissue-poison  on  the  vessel-walls  cannot  be  denied ; on  the  other 
hand  alcoholism  is  frequently  combined  with  other  factors  responsible  for 
arteriosclerosis,  and  may  further  their  eflects ; thus  alcoholism  favours 
the  onset  of  syphilitic  arteritis.  It  is  more  likely  that  alcohol  is  an 
indirect  factor  in  the  genesis  of  arteriosclerosis,  and  that  as  the  result  of 
the  disturbances  of  metabolism  and  gastro-enteritis  induced  by  it,  toxic 
bodies  are  produced  which  set  up  endarteritis.  Chronic  endarteritis  of 
the  aorta  may  spread  to  the  aortic  valves  and  produce  incompetency. 

Indirectly  alcoholism  produces  changes  in  the  veins  : thus  cardiac 
failure  and  the  resulting  chronic  venous  engoi-gement  lead  to  dilated  and 
varicose  veins,  gout  to  thrombosis,  and  dyspepsia  and  cirrhosis  to  venous 
stigmata  and  acne  rosacea  about  the  face. 

The  Gene]-ative  Organs. — The  testes  have  been  described  as  much 
atrophied  in  drunkards,  but  this  event  is  very  exceptional,  and  may  have 
been  an  accidental  association.  Lancereaux  has  described  an  alteration 
in  the  seminal  tubes  of  the  nature  of  a prematm-e  senile  change. 
Chronic  alcoholism  diminishes  the  fertility  of  both  sexes,  and  leads  to 
a stunted  and  ill-developed  offspring,  and  so  plays  a most  important  part 
in  infant  mortality  and  racial  degeneration.  In  women  it  has  been 
thought  that  this  is  brought  about  by  interstitial  changes  and  fibrosis 
of  the  ovaries. 

The  Skin  may  become  very  smooth,  waxy-looking,  and  extremely  soft 
to  the  touch  ; this  is  partly  due  to  the  accumulation  of  fat  under  the  skin, 
and  partly  to  atrophy  of  the  skin.  General  obesity  is  common,  especially  in 
beer-drinkers  who  almost  exclusively  supply  the  victims  of  diffuse  lipoma. 

The  Miisdes  of  the  body  appear  flabby  and  somewhat  fatty.  In 
peripheral  neuritis  Dr.  Sharkey  (30)  has  described  active  inflammatory 
changes  occurring  in  the  paralysed  muscles. 

Bones  and-  Joints. — The  bones,  like  the  rest  of  the  body,  are  said  to 
shew  an  increase  in  the  amount  of  fat.  Alcoholic  drinks  have  no  in- 
fluence on  arthritis  deformans.  By  producing  the  metabolic  disturbances 
resulting  in  gout,  alcohol  affects  the  joints  in  a marked  though  indirect 
way.  The  stronger  wine.s — Port,  Sherry,  INIadeira— and  heavy  beer  and 
[K>rter  are  most  powerful  gout-inducing  agents.  Burgundy  is  very  badly 
borne  by  gouty  patients.  Champagne  differs  in  its  eflects,  the  dry 
bninds  being  Te-ss  haimful  than  the  sweet.  Claret,  Hock,  Moselle  and 
the  lighter  foi-ms  of  malt  liquors  have  comparatively  slight  gout-producing 
tendencies.  Sir  A.  Garrod  says  that  neither  the  acid,  the  sugar,  nor  any 
known  principle  in  alcoholic  dnnks  can  be  shewn  to  be  the  active  factor 
in  proflucing  gout. 
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Symptoms  of  the  onset  are  gradual,  and  the  patient  probably  does 
not  seek  medical  advice  until  the  malady  is  fairly  well  established. 

In  the  early  stages  there  is  a disinclination  to  Avork  and  a general 
Avant  of  energy  ; so  that,  although  routine  occupation  may  be  got  through, 
it  is  not  Avell  done,  and  any  additional  exertion — physical  or  mental — is 
avoided.  This  malaise  is  succeeded  by  headache,  Ioav  spirits,  and  a per- 
vading sense  of  impending  misfortune.  The  mental  poAvers  are  Aveakened  ; 
there  is  indecision  even  in  matters  of  little  or  no  importance,  irritability, 
and  Avant  of  self-control : sleep  fails,  or  is  unrefreshing,  and  the  condition 
is  often  that  of  neurasthenia.  Tremor,  an  early  symptom,  becomes 
manifest  in  the  hands,  lips  and  tongue.  Anstie  says  that  this  tremor 
first  occurs  in  the  feet,  and  is  Avorse  in  the  morniug,  being  chiefly  due  to 
the  exhaustion  of  insomnia,  and  not  entirely  to  the  toxic  effect  of  alcohol. 
To  a certain  extent,  in  the  early  stages,  the  tremor  can  be  controlled  by 
an  effort  of  Avjll ; it  is  fine,  and  is  brought  out  by  any  muscular  efibrt, 
especially  by  an  effort  requiring  precision  or  some  slight  manipulative 
skill.  A sudden  noise,  such  as  the  banging  of  a door,  may  make  the 
patient  tremble  and  perspire.  There  is,  indeed,  a general  condition  of 
jumpiness  and  nervousness — signs  of  a disordered  cerebral  function.  The 
tremor  is  perhaps  the  first  thing  to  attract  the  patient’s  attention,  and  to 
stop  it  he  has  recourse  to  an  early  morning  dram  ; but  food  has  a similar 
effect.  These  early  symptoms  persist  and  become  more  marked  as  the 
disease  adA'^auces. 

In  a Avell-deA'^eloped  case  the  features  are  probably  flabby,  and  the  face 
often  sheAvs  signs  of  chronic  venous  stasis  ; on  the  nose  this  may  pass 
into  the  familiar  acne  rosacea,  Avell  described  by  Trousseau,  and  still 
popularly  regarded  as  “ the  indelible  stigma  of  drunkenness.”  The 
inference  is,  hoAvever,  by  no  means  necessarily  correct ; it  may  occur 
in  uterine  disturbance  and  in  gastric  catarrh  due  to  causes  other  than 
alcohol.  There  is  often  some  injection  and  slight  oedema  of  the  con- 
junctiva, and  an  icteric  tint  may  be  seen  over  the  sclerotics.  The  skin 
of  the  body  generally  is  smooth,  soft,  easily  jAerspiring,  usually  pale, 
or  even  Avaxy.  Extreme  vasomotor  excitability  and  a tendency  to 
dermographism  may  be  present,  and  pruritus,  acne,  and  eczema  be 
induced  by  periodic  excesses.  Alcoholism  may  set  up  a hremorrhagic 
tendency.  The  tongue  is  usually,  though  not  invariably,  flabby  and 
furred,  and  trembles  Avhen  protruded ; in  Avomen,  hoAvever,  the  tongue  is 
often  clean,  or  it  may  be  bare  of  epithelimu.  Superficial  glossitis  or 
leucoplakia  may  be  found,  especially  in  male  alcoholics.  The  breath  is 
foul,  even  apart  from  dyspepsia,  and  often  has  a peculiar  heavy  odour 
readily  recognised  by  experienced  observers ; the  mouth  and  throat  are 
dr}q  and  thirst  is  frequent.  Pharyngitis  and  laryngitis  of  a chronic 
character  are  often  met  Avith,  and  lead  to  frequent  haAvking  of  phlegm 
and  to  some  alteration  of  the  voice.  Want  of  ajjpetite  and  indifierence 
to  food  may  pass  into  a positive  loathing,  so  that  very  little  nourishment 
is  SAvalloAved  other  than  that  Avhich  is  contained  in  the  alcoholic  drinks. 
Like  the  other  symptoms,  the  anorexia  is  worse  in  the  morning ; no 
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breakfast  is  eaten,  and  a state  of  exhaustion  follows,  which  drives  its 
victim  to  seek  support  and  relief  in  spirits  or  beer.  This  want  of 
appetite  is  aggravated  morning  nausea  and  sickness  due  to  gastritis ; 
a small  quantity  of  yellow  mucus  is  usually  brought  up,  and  the  same 
condition  of  catarrh  spreads,  though  in  a less  marked  degree,  to  the 
intestines,  and  gives  rise  to  the  looseness  of  the  bowels,  which  is  a 
tell-tale  symptom  ; a capricious  state  of  the  intestines,  in  which 
constipation  and  diarrhoea  alternate,  is  not  uncommon.  The  gastro- 
intestinal symptoms  vary  considerably  in  intensity.  Strong  spirits  are 
the  most  potent  factors  in  the  production  of  dyspepsia.  Neat  spirit  is 
much  more  eftective  than  larger  quantities  well  diluted,  inasmuch  as  its 
irritating  action  is  more  concentrated  on  the  mucous  membrane  of  the 
stomach.  Occasionally  the  catarrhal  gastritis  of  chronic  drinkers  may, 
as  the  result  of  a debauch,  become  quickened  into  an  acute  attack,  and 
hicmatemesis  may  occur  without  any  evidence,  either  at  the  time  or 
subsequently,  of  hepatic  cirrhosis. 

Large  draughts  of  beer  may  jiroduce  dilatation  of  the  stomach  and  its 
accompanying  symptoms.  The  liver  in  such  cases  is  often  tender  and 
enlarged ; a condition  which  may  be  due  either  to  the  early  stages  of 
cirrhosis,  or  to  cardiac  failure  and  consequent  chronic  venous  engorgement. 
There  are  various  forms  of  the  alcoholic  heart ; there  may  be  acute 
dilatation  with  a rapid  and  irregidar  pulse ; in  the  chronic  forms  there 
are  signs  of  dilatation  with  varying  degrees  of  compensatory  hypertrophy, 
breathlessness,  general  or  widespread  oedema,  and  other  evidences  of 
backward  pressure.  A rather  special  form  of  alcoholic  heart  in  beer- 
drinkers,  especially  when  the  quantities  taken  are  enormous,  has  been 
described  as  the  Tubingen  or  Munich  beer-heart.  The  alcoholic  heart  is 
often  regarded  as  secondary  to  valvular  disease  or  to  arteriosclerosis,  as 
the  clinical  manifestations  are  much  the  same. 

In  women  sterility  often  results.  Although  every  variety  of  men- 
strual disorder  may  occur,  menorrhagia  is  the  most  common,  and  is 
possibly  due  to  endometritis  of  the  body  of  the  uterus. 

Insomnia,  which  may  have  been  present  throughout,  becomes  worse, 
and  is  accompanied  by  nightmares  and  dreams  of  a terrifying  and  dis- 
tressing character.  In  the  dozing  state  between  sleeping  and  waking 
startling  hallucinations  of  sight  or  of  hearing  may  further  disturb  the 
pitient.  They  correspond  to  the  muscvR  volitantes — mists  and  clouds 
before  the  eyes — noises  in  the  ears,  and  giddiness  experienced  in  the  day- 
time. In  rare  instances  toxic  amblyopia  due  to  alcohol,  or  perhaps  to  its 
action  combined  with  that  of  tobacco,  has  been  desci-ibed  ; there  may 
ahso  be  a central  scotoma  for  red,  green,  and  to  a less  extent  for  blue. 
Various  peripheral  sensations,  numbness,  tingling  and  cramps,  or  jiain 
of  a lancinating  character,  which  appears  to  bo  neuralgic  and  gouty 
rather  than  the  result  of  definite  neuritis,  may  1)C  met  with  ; also  starting 
and  jumping  of  limbs,  worse  at  night.  The  ejirly  symptoms  of  alcoholic 
peripheral  neuritis  are,  of  course,  freciuently  ])rc.sent,  but  are  not  sulliciently 
conspicuous  to  staml  out  from  the  more  general  collection  of  symptoms 
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known  as  chronic  alcoholism.  Muscular  teiiclerncss,  especially  in  the 
legs,  alteration  and  imjoairment  of  sensation,  pain,  wasting  and  paresis  of 
muscles,  especially  the  extensors  of  the  foot,  leading  to  foot-drop,  cedema, 
and  loss  of  knee-jerk,  may  all  occur  and  leave  no  doubt  as  to  the  exist- 
eJice  of  the  lesions  described  under  peripheral  neuritis.  [Vule  article, 
vol.  vi.]  Alcoholic  neuritis  begins  aiid  is  best  marked  in  the  legs, 
affecting  the  extensors  especially  ; but  subsequently  it  spreads  widely. 
It  is  rare  for  it  to  attack  the  cranial  ner\-es  in  an  isolated  fashion ; but 
in  severe  cases  the  ^■agus  is  probably  not  nncommonl}'  affected,  and  may 
be  responsible  for  cardiac  disturbance  and  failure  j possibly  some  cases  of 
facial  paralysis  are  alcoholic  in  origin,  though  unrecognised  as  such. 
Alcoholic  neuritis  is  much  commoner  in  women  than  in  men,  and  often 
follows  quiet  and  secret,  though  persistent,  drinking. 

As  the  restlessness  and  nervousness  grow  Avorse,  the  depression  of 
spirits  may  be  so  severe  as  to  lead  to  suicidal  attempts,  or  eventually  to 
pass  into  melancholia.  AVant  of  will-power  and  lack  of  self-control  are 
associated  with  failure  in  the  memory,  and  form  prominent  features  in 
the  mental  state  of  chronic  alcoholism.  The  natural  feelings  undergo 
alteration ; distrust  and  dislike  supplant  affection  for  members  of  the  family ; 
an  anti-social  attitude  to  mankind  in  general  develops ; and  loss  of  proper 
self-respect  is  shewn  by  slovenliness,  want  of  personal  cleanliness,  and  a 
willingness  to  subsist  on  the  support  of  others.  There  is  a great  altera- 
tion in  the  manner  in  •which  the  items  of  the  past  and  of  the  environment 
generall}'^  are  regarded.  In  jDsychosis  polyneuritica  (or  Korsakoff’s 
syndrome),  usually  seen  in  women,  there  i.s,  in  addition  to  alcoholic 
peripheral  neuritis,  a state  of  mental  confusion,  described  by  Jackson  and 
Sir  S.  AAulks,  in  which  the  patients  lose  account  of  time  and  place,  seem 
to  live  in  a strange  world  of  their  own,  and  will  describe  in  detail  events 
that  are  real  to  no  one  else.  A less  marked  form  of  this  want  of  cor- 
relation with  the  outside  Avorld  makes  the  chronic  alcoholic  absolutely 
untrustworthy  and  appai’ently  a purposeless  liar  of  the  most  unblushing 
kind. 

Not  only  arc  the  mental  and  the  intellectual  processes  impaired,  but 
there  is  blunting  of  the  moral  sense,  so  that  falsehood  and  deceit, 
especially  where  indulgence  in  drink  is  concerned,  become  habitual  and 
shameless.  This  is  very  commonly  seen  in  women  drinkers ; and  in  men 
the  loss  of  even  these  shreds  of  self-respect  is  shewn  in  the  cynical 
candour,  albeit  somewhat  untruthful,  with  which  thej’’  admit  their  p:ist 
excesses,  while,  at  the  same  time,  they  insist  upon  the  recent  reformation 
which,  you  must  know,  has  come  over  their  life. 

The  monotony  of  the  course  of  chronic  alcoholism  may  be  varied 
from  time  to  time  by  delirium  tremens,  or  the  local  effects  in  some  one 
tissue  or  organ  may  become  predominant,  and  throw  the  general  symptoms 
into  the  shade ; so  that  the  case  now  appears  as  one  of  cirrhosis,  cardiac 
failure,  peripheral  neuritis,  now  passes  into  alcoholic  dementia  or  other 
forms  of  definite  mental  disease. 

Chronic  alcoholism  weakens  the  resistance  of  the  bod}^  generally,  and 
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favours  microbic  invasion.  It  ilisposcs  to  tho  occnnence  of  various  acute 
pyogeuetic  infections  as  is  well  shewn  in  the  incidence  of  tropical  abscess 
of  the  liver  in  drinkers  as  compared  with  abstoiners.  The  influence  of 
alcoholism  in  the  etiology  of  pulmonary  and  peritoneal  tuberculo.sis  is 
equally  undoubted.  Experiments  on  animals  fully  confirm  these  clinical 
observations.  It  is  notorious  how  badly  alcoholics  bear  acute  disease  or 
injury.  Thus,  pneumonia  is  generally  admitted  to  be  very  fatal  in 
drunkards,  and  its  occurrence,  or  indeed,  any  other  serious  accident,  such 
as  a broken  limb,  is  frequently  associated  with  delirium.  Alcoholism 
facilitates  the  toxic  effects  of  idumbism  and  the  manifestations  of  syphilis. 

The  prognosis  of  chronic  alcoholism  is  not  very  hopeful.  The  craving 
for  drink  is  extremely  hard  to  eradicate ; and,  though  it  may  be  kept  in 
abeyance  for  months  or  years,  there  is  always  the  danger  that  it  will 
reassert  itself  when  sudden  strain  or  trouble  arises.  The  difficulty  lies 
rather  in  refonnation  than  in  cure  of  its  results.  The  dyspepsia,  tremor, 
sleeplessness,  and  so  forth,  can  be  alleviated  with  comparative  ease  so 
long  as  the  patient  is  deprived  of  alcohol. 

The  occurrence  of  epilepsy  is  of  bad  omen.  The  influence  of  alcoholism 
in  the  production  of  insanity  is  very  difficult  to  estimate  since  intemper- 
ance is  frequently  as  much  the  effect  of  mental  weakness  as  its  cause ; 
in  the  fifty-ninth  report  of  the  commissioners  in  lunacy  intemperance 
was  an  assigned  cause  of  insanity  in  2 2 '7  per  cent  of  the  male  admissions, 
and  9'4  jJer  cent  of  the  female.  The  prognosis  will,  of  course,  be  much 
more  serious  in  a long-standing  case,  and  in  peripheral  neuritis  when  the 
polyneuritic  psychosis  (Korsakoff’s  syndi-ome)  is  present.  AVhen  organic 
change  has  taken  place  in  the  brain,  and  dementia  has  resulted,  recovery 
is  highly  improbable.  However,  in  some  cases  of  chronic  alcoholism, 
even  though  structural  change  b^present,  the  outlook  is  not  so  gloomy. 
Thus,  in  peripheral  neuritis  recovery  is  fi'equent.  In  cirrhosis  of  the 
liver  the  process  may  be  arrested  and  compensatory  changes  may  lead  to 
a condition  of  latency  and  very  fair*  health.  On  the  whole,  much  depends 
on  the  form  of  treatment.  The  immediate  symptoms  of  the  habit  can 
usually  be  satisfactorily  overcome]  but  a permanent  and  complete 
recovery  is  a matter  of  anxiety  and  uncertainty,  and  no  case  can  be 
con.sidered  cured  until  at  least  two  years  have  elapsed  Avithout  any 
relapse  into  the  habit.  It  is  often  stated  that  reformation  of  female 
inebriates  is  impo.ssible  and  hopeless ; but  speaking  Avith  an  experience 
of  20  years  Hr.  Brantlnvaite,  the  inspector  under  the  Inebriates  Acts, 
1870-1900,  is  emphatically  of  opinion  that  “Avith  equal  consideration 
and  treatment,  AA-omen  are  eveiy  Avhit  as  reformablc  as  men  and  possibly 
even  more  so.” 

Diagnosis. — Since  chronic  alcoholism  niiuiifosts  itself  chiefly  by 
nervous  and  digestive  disorders,  it  may  be  simulated  by  the  dyspepsia 
and  accompanying  nervousness  Avhich  occur  in  failing  health  conqflicated 
by  overwork  or  Avorry.  A similar  condition  may  be  met  Avith  in  women 
about  the  onset  of  the  menopause,  and  in  tho.se  who  live  on  little  more 
than  strong  tea. 


926 


SVST£A/  OF  MEDICINE 


The  early  stage  of  general  paralysis  of  the  insane  and  some  cases  of 
chronic  alcoholism  (pseudo-general  paralysis)  may  closely  resemble  each 
other ; in  both  there  is  a progressive  degeneration  of  the  higher  centres, 
an  impairment  of  inhibition,  and  a loss  of  self-control  leading  to  dis- 
ordered action.  If  definite  .exaltation  of  ideas  be  present  or  the 
irresolute  lip  movements  be  persistent,  the  diagnosis  is  usually  clear ; 
but  there  are  cases  of  general  paralysis  in  which  the  bodily  symptoms 
are  present  without  any  mental  alteration.  In  such  cases  signs  of  gastric 
disturbance,  loss  of  appetite,  morning  sickness,  and  the  absence  of  changes 
in  the  pupils  would  point  to  chronic  alcoholism.  Alcoholism  may, 
however,  play  a part,  though  not  of  the  first  importance,  in  the  pro- 
duction of  the  general  paralysis  of  the  insane.  Since  drinking  may  be  a 
symptom  of  the  early  stage  of  general  paralysis,  the  two  morbid  states 
may  be  concurrent.  Careful  inquiry  into  the  history  and  symptoms  will 
be  necessary  to  decide  in  such  doubtful  cases  (vide  vol.  vii.  p.  721). 

The  tremors  of  paralysis  agitans  and  of  disseminated  sclerosis  can  be 
distinguished  by  their  special  characteristics  from  that  of  alcoholism. 
The  tremor  of  nervousness,  hysteria,  and  senility  may  be  mistaken  for 
that  of  alcoholism;  but  farther  examination  into  the  case  will  settle 
the  diagnosis.  Chronic  alcoholism  and  tabes  have  several  points  of 
resemblance  ; the  ataxic  form  of  peripheral  neuritis,  as  its  name  pseudo- 
tabes  implies,  may  be  eonfounded  with  locomotor  ataxia.  Gastric  crises 
can  usually  be  distinguished  with  ease  from  the  gastritis  and  sickness  of 
drinkers.  The  eye  symptoms  of  tabes  should  always  be  looked  for  in 
considering  the  diagnosis  of  these  two  diseases.  In  malarial  cachexia  the 
nervous  manifestations  may  closely  resemble  those  of  chronic  alcoholism. 

The  treatment  consists  in  cutting  the  patient  off  from  alcohol  com- 
pletely ; but  unfortunately  the  existent  of  the  drink-habit  and  craving 
render  it  very  difficult  to  secure  this  in  the  conditions  of  ordinary  life. 
Even  if  the  patient  do  his  best,  he  is  usually  unable  to  withstand  the 
besetting  habit.  Strong  moral  suasion  and  a full  knowledge  of  the 
effects  of  the  evil  may  perhaps  keep  him  an  abstainer  for  a time ; but 
where  temptation  meets  him  at  every  other  turn,  as  in  everyday  life  it 
must  almost  necessarily  do,  it  is  almost  too  much  to  expect  him  to 
remain  so.  In  some  instances  residence  in  a house  or  nursing-home 
under  the  immediate  supervision  of  a doctor  is  successful.  A long  sea 
voyage  on  a ship  or  yacht  from  which  all  alcoholic  drinks  are  excluded 
is  sometimes  recommended,  but  the  difficulties  of  preventing  sui’reptitious 
alcoholic  indulgence  are  considerable,  and  the  opportunities  for  suicide 
are  so  numerous  that  this  plan  of  treatment  is  seldom  advisable. 

Undoubtedly  the  best  plan  of  treatment  is  for  the  patient  to  go  into 
a sanatorium  specially  devoted  to  the  medical  treatment  of  inebriety,  or 
into  a Eetreat  established  and  licensed  under  the  Inebriates  Acts 
(1879-1900).  At  present  a patient  cannot  be  received  into  a licensed 
Retreat  against  his  will,  however  extreme  his  drunken  habits  may  be. 
To  avoid  any  confusion,  it  ma}^  be  pointed  out  that  the  Inebriate  Re- 
formatory Act  of  1898  provided  for  the  committal  to  reformatories  of 
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“ criminal  inebriates  ” and  “ police  court  recidivists.”  Having  voluntorily 
entered  a Retreat  under  the  Act,  the  patient  remains  there  for  a definite 
term,  and  if  he  escapes  during  that  period  ho  can  be  brought  back. 
Temptation  is  thus  avoided  in  a way  which  is  almost  impossible 
elsewhere,  and  at  the  sjvmo  time  the  inmate  is  under  skilled  medical 
treatment.  The  term  of  detention  in  the  Retreat  should  never  be  less 
than  six  months ; a year  is  necessary  in  ordinary  cases,  but  in  severe  or 
inveterate  cases  a term  of  two  years  is  desirable.  The  form  of  request 
for  admission  to  be  signed  by  the  patient,  and  the  statutory  declaration, 
to  be  made  by  two  friends  of  the  applicant,  are  appended. 


Request  for  Reception  into  Retreat 
Under  the  Inebriates  Acts,  1879  to  1900 
To  the  Licensee  of  the  Retreat 

I,  the  undersigned,  hereby  request  you  to  receive  me  as  a patient  in  your 
Retreat  at  , in  accordance  with  the  above-mentioned 

Acts,  and  I undertake  to  remain  therein  for 

at  least,  unless  sooner  duly  discharged,  and  to  conform  to  the  regulations,  for 
the  time  being,  in  force  in  the  Retreat. 

Applicant’s  Signature 

The  aboved  named signed  this 

application  in  my  presence,  and  at  the  time  of  his  (or  her)  so  doing  satisfied 
myself  that  he  (or  she)  was  a person  to  whom  the  Inebriates  Act,  1879,  applies, 
and  I stated  to  him  (or  her)  the  effect  of  this  application,  and  of  his  (or  her) 
reception  into  the  Retreat,  and  he  (or  she)  appeared  perfectly  to  understand  the 
same. 

Dated  this  day  of 

Justice  of  the  Peace  for  the  County  f 
or  Borough  of  \ 

Applicant's  name  in  full 

Address 

Description 


Statutory  Declaration  in  view  of  Admission 


The  Inebriates  Acts,  1879  to  1900 

We. 

severally,  solemnly,  and  sincerely  declare  that  , 

who  is  an  applicant  for  admission  into  the  » 

is  an  Inebriate  ivithin  the  meaning  of  the  Inebriates  Act,  1879,'  and  we 


' An  “Habitual  Dninkanl  ” (or  Inebriate)  is  defined  in  tlio  Act  of  1879  as  meaning  a 
person  who  is  by  reason  of  habitual  interoperate  drinking  of  intoxicating  liquor,  nttmcs 
dangerous  to  hiroself  or  herself  or  to  others,  or  incapable  of  managing  himself  or  herself,  and 
his  or  her  affairs.  'Hie  Secretary  of  State  is  advised  that  “ intoxicating  liquor  may  include 
liquors  other  than  alcohol,  if  their  habitual  intemperate  use  brings  the  consumer  into  the 
condition  of  an  “ Habitual  Drunkard. 
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severally  make  this  solemn  declaration,  conscientiously  believing  the  same  to 
be  true,  and  by  virtue  of  the  Statutory  Declaration  Act,  1835. 

Taken  and  declared  severally  at 
in  the  County  of 
this  day  of 

Before  me 

(а)  J.F.  for  the  Coimty  or  Borough  of 

(б)  A Commissioner  of  Oaths 

To  be  signed  by  two  friends  of  the 
Commissioner. 

The  first  step  is  complete  withdrawal  of  all  alcoholic  drink.  This 
naturally  has  a marked  effect  on  the  patient,  who  at  once  feels  the  need 
of  his  accustomed  stimulant.  Depression,  restlessness,  and  some  degi’ee 
of  collapse  may  result ; but  experience  shews  that  no  harm  follows  from 
the  sudden  and  complete  removal  of  all  stimulants.  There  is  no  jiroof 
of  the  old  belief  that  delirium  tremens  can  be  thus  precipitated.  The 
patient  should  be  carefully  but  unobstrusively  watched  after  his  arrival, 
and  his  strength  sustained  by  simple  food,  jjeptonised  if  necessary, 
beginning  with  milk,  Benger’s  food,  sanatogen  (Mann),  and  then 
advancing  to  solid  food,  fish,  and  so  forth.  Feeding  may  be  difficult 
from  want  of  appetite,  or  from  vomiting.  Vomiting  is  far  from  being 
altogether  an  evil,  as  it  removes  tenacious  mucus  from  the  stomach,  and 
so  improves  the  conditions  of  digestion.  The  sickness  should  be 
treated  by  small  quantities  of  liquid  food,  lime  or  soda  water,  alkalis, 
bismuth  or  effervescing  mixture,  or  by  5-minim  doses  of  ipecacuanha 
wine.  Sleeplessness  should  only  be  treated  by  sedatives  if  it  be  urgent. 
Morphine,  chloral,  and  cocaine  should  be  avoided,  lest  the  germs  of  a new 
craAung  be  sown  in  the  patient.  Chloralamide,  paraldehyde,  trional,  and 
bromides  may  be  used  if  necessary ; and  the  hypodermic  injection  of 
grain  of  hyoscine  has  been  recommended.  But  before  narcotics  are 
employed,  sleeplessness  should  first  be  combated  by  out-door  exercise  or 
fresh  air,  wet  packs,  or  massage. 

The  bowels  must  l)e  carefully  attended  to,  and  the  appetite  and 
digestion  stimulated.  Pepsin,  bitters,  tonics,  and  dilute  acids  are  also 
of  use.  Much  mil  depend  on  the  way  food  is  taken ; as,  he  improves 
the  patient  should  get  out  a great  deal,  ajid  should  be  well  provided  with 
suitable  occupation. 

Many  drugs  have  been  and  are  still  used  with  a view  of  counteracting 
the  craving  for  drink.  Stiychnine  is  often  employed.  It  has  been 
extensively  give!i  hypodermically,  and  has  been  combined  with  atropine. 
The  latter  drug  has  been  strongly  recommended.  Nauseating  drugs, 
such  as  ipecacuanha,  apomorphine,  have  been  added  to  the  alcoholic 
beverages  so  as  to  generate  a distaste.  Tincture  of  capsicum  in  5 to  10 
minim  doses  has  some  effect  in  lessening  the  taste  for  stimiilants.  It  is 
well,  liowever,  to  remember  that  it  is  an  alcoholic  drink,  and  that  it  has 
been  used  as  an  intoxicant.  Quinine,  red  cinchona  bark,  gentian,  aqua 
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chlori,  strophantlms,  citrate  of  caffeine,  coca,  ci-gotin  hypodermicall}-, 
and  otlier  drugs  have  also  been  recommended  for  this  purpose. 

The  so-called  “gold  cure”  is  said  to  consist  in  (1)  hypodermic  injections 
of  stiychnine  sulphcXte  gr.,  combined  with  atropine  sulphate  gv., 
or  daturine  sulphate  gr.,  given  four  times  a day : (2)  medicine  by 
the  mouth  every  two  hours  during  the  day  and  evening,  composed  of 
chloride  of  gold  and  sodium,  ^ gr.  ; ammonium  chloride,  1 gi\  ; aloin, 
oV  gi‘. ; fluid  extract  of  Wburnum,  Iff  x. ; and  tincture  of  cinchona,  Tffxl.  : 
(3)  hydrotherapy,  wet  ])acks,  vapour  baths,  and  so  forth.  Dr.  Fenn, 
from  whose  paper  these  details  are  taken,  concludes  that  60  per  cent  of 
patients  after  a month’s  treatment  remain  total  abstainers.  This  method 
of  treatment  deserves  unprejudiced  trial  at  the  hands  of  the  profession, 
for  the  manner  in  which  it  has  been  exploited  as  a proprietary  cure  has 
naturally  made  orthodox  practitioners  look  askance  at  it. 

Niunerous  “ specifics  ” and  patent  “ cures  ” have  been  vaunted  ; some 
of  them  appear  to  contain  strychnine  and  atropine.  An  analysis  of  fifty 
different  proprietary  medicines,  some  of  which  have  been  recommended 
as  “ temperance  drinks,”  shewed  that  each  contained  alcohol  in  amounts 
varying  from  6 to  47’5  per  cent  (27).  It  is  not  perhaps  sm-prising  that 
the  condition  of  the  patients  is  sometimes  much  worse  after  they  have 
imdergone  these  “ernes.” 

Hypnotism  has  been  employed  with  some  success  in  creating  a dis- 
taste for  alcohol ; while  the  patient  is  in  one  of  the  stages  of  the  hypnotic 
state  he  is  told  that  in  future  he  will  not  be  able  to  take  alcohol : this  is 
treatment  by  post-hypnotic  suggestion.  It  should  only  be  practised  by 
a medical  man,  and  in  trustworthy  hands  is  worth  a trial.  Its  action  is 
somewhat  uncertain,  but  some  admirable  results  have  been  published, 
and  no  doubt  suggestion  plays  an  important  part  in  all  “ cures.” 

An  anti-alcoholic  serum,  obtained  from  horses  treated  with  large 
quantities  of  alcohol  by  the  mouth,  has  been  advocated  by  Sapelier  for 
persons  who  constantly  take  alcohol  but  have  no  organic  lesions  such  as 
arteriosclerosis,  cirrhosis,  tuberculosis,  syphilis.  Our  knowledge  of  its 
use  is  not  sufficient  to  justify  a definite  opinion  as  to  its  power  or  value. 


Delirium  Trejiexs 

(Svx. — Alcoholic  delirium,  “ The  Horrors  ”) 

Delirium  tremens  seems  to  have  been  first  recognised  as  a symptom- 
group,  and  separated  from  acute  mania,  by  Sutton  of  Greenwich  in 
1813  ; and  to  have  been  accurately  described  by  U are  of  Boston,  U.S.A., 

in  18.31.  , , ,.  1 

Etiology. Though  often  described  as  acute  alcoholism,  ami  as  some- 

times coming  on  after  a single  bout  of  hard  (Iriiiking,  delirium  tremens 
is  irsually  an  exacerbation  in  the  coiir.se  of  chrome  alcoholism,  111  con- 
stant soakers  who  are  rarely  drunk  but  nardly  ever  sobei. 

vou  II. — rr.  I ■ *’ 
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An  hereditary  taint,  whether  of  insanity,  alcoholism,  or  other 
nexirosis,  increases  the  liability  to  delirium  tremens.  This  is  probably 
the  determining  factor  in  many  cases  in  which  the  symptoms  have  arisen 
acutely  after  a single  debauch  in  a person  not  an  habitual  drunkard.  The 
iinstable  condition  of  brain  matter  which  is  acquired  by  long-continued 
alcoholic  excess  in  other  cases  is  hereditary  in  the  neuropath,  and  in  the 
offspring  of  druidcards. 

It  was  formerly  sujjposed  that  delirium  tremens  was  often  caused  by 
the  interruption  of  the  drinker’s  accustomed  alcoholic  stimulus.  But  the 
truth  is  that  the  distaste  for  drink  is  the  beginning,  and  one  of  the 
earliest  symptoms  of  an  impending  attack  of  delirium  tremens — the  result 
and  not  the  cause  of  the  disease.  The  attack,  indeed,  is  often  brought 
on  by  a bout  of  harder  drinking  than  usual. 

A severe  injury,  a sudden  shock,  mental  or  bodily,  or  the  onset  of 
acute  disease,  especially  pneumonia,  may  in  a constant  drinker  bring  on 
the  symptoms  of  delirium.  After  operations  this  form  of  delirium  may 
occur ; but  it  is  practically  unknown  in  childbirth,  though  it  occasionally 
follows  uterine  operations.  This  state  has  been  called  “associated 
delirium  ” (Gowers),  or  “ traumatic  delirium  ” (S.  West),  and  is  de- 
pendent on  two  factors,  (a)  the  long-continued  toxic  effects  of  alcohol, 
and  (i)  the  depressing  effect  of  injury  or  disease ; so  that,  other  things 
being  equal,  the  prognosis  is  not  so  good  in  this  form  of  delirium  as  in 
delirium  tremens.  Indeed,  in  ordinaiy  cases  of  the  disease  there  is  often 
some  minoi’  exciting  cause  wliicli  acts  as  a “ last  straw  ” in  the  case  of  a 
soaker  on  the  verge  of  delirium  tremens ; thus,  there  are  transitional 
stages  between  the  classical  form  of  delirium  tremens  and  that  which 
appears  to  be  precipitated  by  momentary  accident.  It  has  been  thought 
that  the  exciting  cause  of  delirium  ti'emens  is  some  secondary  acute 
toxfemia,  probably  bacterial  and  from  the  intestinal  tract  (Ford 
Robertson). 

Morbid  Anatomy. — In  fatal  cases  of  delirium  tremens  the  general 
lesions  of  chronic  alcoholism  may  he  found  after  death,  as  the  delirium  is 
so  frequently  an  exacei’bation  of  that  disease. 

Tlie  kidneys  are  usually  large,  and  present  the  hypertrophy  due  to  an 
increased  functional  activity.  The  liver  is  fatty  and  often  much  increased 
in  weight  from  this  cause. 

Inasmuch  as  death  is  usually  due  to  cardiac  failure  the  heart  is  flabby, 
somewhat  dilated,  and  often  shews  some  fatty  change  in  the  013^0- 
cardium  (tabb3’'-cat  striation).  From  the  manner  of  death  hypostatic 
congestion  of  the  lungs  is  commonly  to  be  expected. 

For  other  morbid  changes  the  reader  is  referred  to  pp.  91-f,  916. 

Symptoms. — In  the  premonitory  sfaige,  which  is  of  vari.able  duration, 
there  is  increasing  restlessness  and  nervousness.  Appetite  for  food  is 
lost,  and  ofteii  even  the  taste  for  alcohol  fails,  or  is  turned  to  loathing ; 
on  the  other  hand,  drinking  may  be  continued  right  up  to  the  full  onset 
of  severe  symptoms.  The  night  brings  no  real  rest  or  refreshment,  and 
passing  slumbers  are  disturbed  or  broken  by  unpleasant  or  terrific  dreams. 
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Hallucinations  crowd  into  the  waking  moments,  and  begin  to  be  trouble- 
some also  in  the  daytime ; but  at  first  they  ma}^  be  diverted  or  even 
dismissed  by  an  effort  of  will. 

The  onset  of  the  actual  delirium  in  the  second  stage  is  indicated  by 
an  exaggeration  of  these  symptoms.  Tremor  is  a marked  feature,  and, 
though  it  is  more  manifest  in  the  hands,  tongue,  and  lips,  it  is  onlj’- 
necessary  to  lay  a hand  on  the  patient’s  shoulder  in  order  to  detect 
\ibrations  all  over  him.  This  tremor  is  a further  development  of  that  of 
chronic  alcoholism,  and  is  part  of  a great  and  indeed  universal  muscular 
imrest  which  shews  itself  in  continued  though  ineffectual  activity.  The 
tendons  of  the  patient’s  fingers  and  the  hands  are  continually  at  work, 
repeating  the  habitual  manipulations  of  his  trade  or  occupation,  cease- 
lessly pidling  up  and  picking  at  the  bed-clothes,  or  scratching  the  bod}' ; 
he  fidgets  perpetually,  and  never  rests.  At  times  the  sufferer  wriggles 
under  the  clothes  like  an  imprisoned  animal.  The  mind  is  active  enough, 
and  is  engaged  in  making  plans  for  the  future  ; or  is  swejit  into  the  Avhirl 
of  hallucinations  Avhich  can  no  longer  be  dismissed.  The  delirium  is 
busy  with  a continual  succession  of  ever-changing  ideas,  but  each  train  of 
thought  lasts  for  a short  time  only.  A general  uneasiness  and  a desire 
to  move  on  possess  the  patient;  he  would  pack  up,  start  on  a journey, 
or,  as  Trousseau  expresses  it,  get  away  from  himself.  The  activity  of  his 
mental  processes  is  incontinently  expressed  by  garrulous  and  incoherent 
talk,  concerned  chiefly  with  the  figments  of  his  brain  ; though  surrounding 
circumstances  come  in  for  some  contemptuous  or  c|uerulous  comments.  Yet 
for  a time,  even  in  the  midst  of  his  multitudinous  and  imaginary  pursuits, 
lie  can  collect  himself  sufficiently  to  answer  simple  questions  appositely. 
The  face  is  anxious,  the  skin  bathed  in  perspiration,  the  eyes  fm-tive 
and  perpetually  moving,  and  the  pupils  usually  dilated.  The  excitement 
is  due  to  fear,  engendered  by  delusions  and  by  the  rdsual  and  aural 
hallucinations.  These  are  nearly  always  loathsome  or  terrifying — such 
as  beetles,  swarms  of  rats,  fishes  iu  the  bed,  horses’  heads  thrust  through 
the  walls,  or  yet  more  formidable  creations  of  a morbid  imagination. 
I..ater  he  ceases  to  recognise  those  around  him,  he  sees  in  his  friends  or 
attendants  designing  enemies  or  derisive  fiends,  and  fancies  that  insults 
and  offensive  remarks  emanate  from  them,  or  that  they  are  attempting  to 
poison  him  or  to  feed  him  with  offensive  food. 

The  prevailing  note  of  the  delirium  is  one  of  terror : in  order  to 
escape,  the  patient  is  ever  anxious  to  be  up  and  oft’,  and,  if  at  liberty, 
would  make  an  immediate  exit  without  ceremony  or  dressing ; sometimes 
indeed  by  the  bedroom  window  instead  of  the  door.  He  is  suspicious, 
ever  on  the  watch  for  some  horrible  object  concealed  behind  the  curtains 
of  the  bed  or  lurking  in  a corner  of  the  room.  Occasionally,  under 
.some  hallucination  or  flelusion,  he  may  attack  the  attendants,  but  geiici- 
ally  he  can  be  controlled  or  humoured  with  tact.  'I'he  judse  is  now  rapid 
aiifl  soft,  the  trjriguc  moist,  tremulous,  and  covered  with  creamy  fui.  1 ho 
temperature  is  usually  raised,  in  mild  cfises  to  100  or  101  , and  in 
severe  cases  to  lO'i'  1'.,  with  no  loca.  lesion  to  account  for  it;  though 


932 


SYSTEM  OF  MEDICINE 


the  apprehension  of  a latent  ijneumonia  must  never  escape  the  mind 
of  the  physieian.  There  is  complete  insomnia  and  absence  of 
appetite. 

The  uncomplicated  disease,  as  Ware  pointed  out,  is  self-limiting;  and 
after  two  and  a half,  three,  or  four  days,  the  acute  stage,  in  most  cases, 
undergoes  a spontaneous  amelioration.  The  patient,  who  has  suffered 
from  absolute  insomnia,  sinks  into  a quiet,  refreshing  sleep,  and  when  he 
awakes  is  free  from  the  delirium  and  hallucinations ; though  he  does  not 
lose  the  tremor  for  some  time.  In  favourable  cases  convalescence  is  rapid. 
In  severe  cases,  especially  where  there  have  been  several  pre^^ous  attacks, 
the  temperature  may  rise  and  fatal  hyperpyrexia  result ; or  again,  pneu- 
monia may  set  in ; or  the  delirium  may  continue,  and  the  patient  pass 
into  a low  typhoid  state  ; or  collapse  or  death  from  syncope  may  suddenl}" 
close  the  scene.  In  other  cases,  again,  the  delirium  may  continue  and 
signs  of  general  failure  supervene.  Sometimes  epileptic  seizures  come  on, 
wliich  are  of  very  grave  import. 

Diagnosis. — Acute  mania  is  the  disease  most  likely  to  be  confounded 
with  delirium  tremens ; but  the  history,  the  tremor,  the  special  character 
of  the  hallucinations,  and  the  behaviour  of  the  patient,  will  distinguish 
the  latter  from  the  former.  To  general  paralysis  of  the  insane  Avith  tremoi- 
there  is  some  resemblance ; but  the  mental  exaltation  of  the  excited 
stages  of  general  pai-alysis  should  distinguish  these  jDatieuts  at  once  from 
the  tei’rified  subjects  of  delirium  tremens. 

The  question  of  diagnosis  between  meningitis  and  other  forms  of 
organic  brain  disease  and  delirium  tremens  does  not  often  arise,  though  it 
a[)pears  to  have  arisen  in  foi’mer  times ; the  presence  of  23aralysis,  severe 
headache,  optic  neuritis,  irregular  pulse,  and  ojAijression  of  consciousness 
point  to  organic  brain  lesion  ; while  the  jjresence  of  the  characteristic 
delirium  and  tremor  would  at  once  suggest  delirium  tremens. 

In  fevers,  such  as  enteric,  where  delirium  may  form  part  of  the 
disease  quite  apart  from  alcoholism,  it  may  at  a given  moment  be  difficult 
to  decide  whether  the  delirium  be  symiJtomatic — that  is,  due  to  the  specific 
fever,  or  whether  it  be  the  form  of  delirium  tremens  (“  associated  de- 
lirium ”)  Avhich  svqjorvenes  when  injury  or  acute  disease  befalls  a drunkard. 
The  important  condition,  however,  in  this  case  is  not  the  delirium,  but 
the  jn’imary  disease. 

For  the  diagnosis  between  delirium  tremens  due  to  alcohol  and  the 
similar  delirium  due  to  withdrawal  of  morphine  from  the  morj)hinist,  the 
reader  is  referred  to  the  article  on  Morphinism  in  this  volume,  p.  95o. 

Prognosis. — In  first  and  uncomplicated  attacks  recovery  is  A'^ery 
general,  though  in  a chroViic  alcoholic  recurrence  is  extremely  probable. 
Old  age,  previous  attacks,  and  the  presence  of  complications  or  other 
morbid  conditions,  render  the  disease  a formidable  one. 

In  “ associated  delirium  ” the  nervous  system  is  suffering  on  the  one 
hand  from  shock  due  to  the  injury  or  disease,  and  on  the  other  from  the 
long-continued  effects  of  alcohol ; the  jjrognosis  is  therefore  worse  than  in 
ordinary  cases  of  delirium  tremens.  Much,  of  course,  depends  on  the 
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character  of  the  injuiy  or  acute  disease ; in  pneumonia  a drinker’s  chance 
of  recovery  is  poor,  and  double  pneumonia  is  practically  always  fatal. 

The  state  of  the  heart  is  of  primary  importance.  A heart  already 
dilated  is  a very  serious  condition.  Signs  of  approaching  cardiac  failui-e 
— such  as  faintness,  a small,  irregular,  ver^^  frequent  (over  130)  or  run- 
ning pulse,  a soft,  feeble,  or  inaudible  first  sound,  or  a murmui-  at  the 
apex  with  an  accentuated  pulmonary  second  sound  are  of  very  bad  omen. 
Pre  - existing  kidney  disease  is  a grave  condition,  as  urnemia  may 
supervene. 

If  pneumonia  appear  in  the  course  of  the  disease  the  outlook  becomes 
verv  anxious.  A temperature  of  about  103°  F.,  especially  in  old  and 
debilitated  subjects,  is  always  a cause  of  grave  anxiety ; it  may  be  due 
to  the  insidious  establishment  of  pneumonia,  which  may  easily  escape 
detection  unless  looked  for  from  day  to  day,  or  it  may  be  merely  an  index 
of  the  profound  functional  disturbance.  Hyperpyrexia  is  usually  fatal. 
Convulsions  in  the  early  stage,  according  to  Sir  W.  Gowers,  are  not  of 
much  importance ; but  when  they  occur  later  the  prognosis  becomes 
very  grave. 

A patient  Avho  takes  and  digests  his  food  usually  does  well ; while 
cirrhosis  of  the  liver  or  gastric  catarrh,  by  interfering  with  digestion, 
diminishes  the  patient’s  chances  of  recovery.  If  the  disease  run  on  and 
sleep  be  not  obtained,  or  obtained  only  in  very  insufficient  amounts,  there 
is  great  danger  of  exhaustion. 

On  amendment  the  symptoms  maj”^  only  partially  abate  and  a condi- 
tion of  mental  enfeeblemcnt  may  persist.  After  repeated  attacks  some 
degree  of  weak-mindedness  is  often  permanent. 

There  are  then  three  degrees  of  the  disease ; — (i.)  Uncomplicated 
attacks,  in  which  the  prognosis  is  good ; (ii.)  “ associated  delirium,”  in  which 
the  prognosis  depends  largely  on  the  severity  of  the  affection  exciting  the 
delirium ; and  (iii.)  cases  complicated  by  old  age,  debility,  previous 
attacks,  or  the  presence  of  Ausceral  disease,  in  all  of  which  the  prognosis 
is  very  bad. 

Treatment. — The  most  important  points  are  food,  sleep,  management, 
and  restraint. 

Feeding  is  of  great  importance,  seeing  that  the  patient  is  in  a half- 
starved  condition,  and,  as  a rule,  has  taken  little  food  for  a considerable 
time  before  the  onset  of  acute  symptoms.  Careful  feeding  from  the  out- 
set is  verj’  important,  both  for  immediate  relief  and  to  prevent  exhaus- 
tion and  cardiac  failure  in  the  later  stages  of  the  disease. 

Anorexia  and  unwillingness  to  take  food  (which  may  be  due  to  a 
delusion  that  it  is  poi.sonous,  disgusting,  or  offensive)  require  considerable 
tact  and  gocKl-naturc  on  the  part  of  the  attendants.  If  necessary,  a nasal 
tube  should  be  pa.ssed  ami  fluid  food  thus  introduced  into  the  stomach  at 
inteiwals  of  not  more  than  three  hours. 

f{eef-t«i,  peptonised  milk,  soups  or  broths,  and,  if  acceptable,  pounded 
fish  or  mincemeat  shouhl  be  given.  Caro  should  bo  taken,  however,  not 
to  overloml  a stomach  the  digestive  powers  of  which  are  almost  certainly 
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much  impaired  by  chronic  catarrh.  Vomiting  must  Ije  combated  by  ice, 
effervescing  draughts,  lime-water,  and  careful  feeding  ^vith  small  quantities; 
if  it  persist,  nutrient  enemas  or  suppositories  may  be  employed.  In  the 
presence  of  severe  complications,  such  as  cardiac  failure,  pneumonia,  or 
great  exhaustion,  cardiac  and  vasomotor  stimulants  such  as  digitalis, 
adrenalin,  ether,  and  ammonia  shoidd  be  given  by  the  mouth ; but 
absorption  is  slow,  and  if  the  symptoms  continue,  hypodermic  injections 
of  digitalin,  adrenalin,  liquor  strychninje  TI]^ij.-v.,  or  ether  are  indicated. 
A brisk  purge  should  be  given  at  the  beginning  of  the  attack,  and 
repeated  if  the  tongue  be  foul  or  constipation  be  present 

In  pneumonia  inhalation  of  oxygen  may  be  necessary. 

SlcR'p. — The  disease,  as  was  shewn  by  Ware,  tends  to  run  a definite 
course.  In  favourable  cases  the  acute  stage  terminates  in  sleep,  after 
which  the  patient  is  no  longer  delii’ious.  Probably  as  a result  of  this 
sequence  of  events,  the  belief  arose  that  to  cure  delirium  tremens  the 
proper  treatment  is  to  send  the  patient  to  sleep.  Sir  T.  Watson  expressed 
this  view  of  the  treatment  in  his  Lectures  on  Physic  with  no  uncertain 
voice.  For  this  purpose  morphine  or  ojjium  was  largely  given  ; in  many 
cases  the  drugs  failed  to  produce  any  effect  for  a considerable  time,  prob- 
ably owing  to  delay  in  the  absorption  from  the  stomach.  In  this  case 
large  doses  of  opium  were  sometimes  repeated,  and  with  the  result  that 
the  sleep-at-any-price  treatment  tended  rather  to  substitute  narcotic  for 
alcoholic  poisoning  than  to  cure  the  patient.  Instances  of  fatal  results 
directly  due  to  the  “ narcotic  treatment  ” were  not  by  any  means 
unknown.  On  the  other  hand,  the  “ natural  ” method  of  treatment  aimed 
at  giving  no  narcotics  in  ordinary  cases,  and  letting  the  disease  run  its 
course.  In  prolonged  sleeplessness,  however,  moderate  doses  of  opium 
were  given.  Care  is  necessary,  not  only  in  deciding  when  measures  to 
ensure  sleep  should  be  taken,  but  also  in  deciding  on  the  means  to  be 
employed  for  this  end. 

Hypodermic  injection  is  a very  much  more  certain  method  of  admin- 
istering narcotics  than  by  the  mouth  ; hence  morphine  is  more  convenient 
than  opium.  After  an  injection  has  been  given,  the  effect  on  the  pupils 
should  be  watched  and  a second  injection  should  not  be  given  until  the 
effect  of  the  first  has  begun  to  wear  off ; so  as  to  avoid  any  possibility  of 
narcotic  poisoning.  Hyoscine  hydrobromide  gr.  hypodermically 

sometimes  acts  satisfactorily,  but  is  not  very  trustworthy. 

It  has  been  suggested  that  a pint  of  bitter  beer  or  portei'  may  be  the 
best  hypnotic  in  delirium  tremens ; this  may  be  the  case ; but,  as  the  use 
of  alcohol  tends  to  keep  up  the  driidv  craving,  its  use  must  be  carefully 
restricted. 

Hot  and  cold  packs  have  been  highly  recommended  as  a means  of 
inducing  sleep.  Sir  W.  Broadbent  advocates  cold  affusion ; the  patient 
lies  on  a blanket  with  a macintosh  underneath,  and  is  repeatedly  sponged 
all  over  with  ice-cold  water,  the  skin  being  rubbed  and  dried  between  the 
spongings.  Neither  pneumonia  nor  albuminuria  are  contra-indications. 

The  best  course  is  not  to  give  hypnotics  unless  the  case  be  prolonged, 
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or  it  appear  that  tlio  patient  is  Avearing  ont  his  strength  and  is  in  danger 
of  exhaustion.  Then,  unless  there  bo  an}’-  marked  coritra-indication,  such  as 
severe  lung  or  kidney  mischief,  morphine  shoidd  be  given  hypodermically. 
If  morphine  be  undesirable,  a trial  should  be  made  of  sulphonal,  paralde- 
hyde, chloralamide,  bromides,  trional,  or  veronal ; combined,  if  need  be, 
with  a cold  or  hot  pack.  It  must  be  admitted,  however,  that  these  drugs 
are  very  disappointing  in  this  disease. 

Hestminf  and  General  Management.  — Constant  Avatching  is  of  great 
importance  ; in  the  acute  stage  the  patient,  if  left  alone  for  a moment, 
may  jump  out  of  the  AvindoAA',  or  commit  suicide  in  a most  determined 
manner.  Taa’o  strong  nurses  should  be  in  attendance,  and  should  never 
quit  the  room  for  an  instant  until  relieved. 

The  patient  should  be  placed  in  a cool,  quiet,  and  dark  room,  so  as 
to  favour  the  advent  of  sleep ; and  should  lie  on  a low  bed  preferably 
padded — beds  AAuth  sides  of  woven  wire  are  now  made,  and  are  very 
useful — or  on  a mattress  on  the  floor  of  a padded  room.  No  mechanical 
restraint  must  be  used  unless  the  difficidties  be  exceptionally  gi'eat. 
If  two  attendants  be  insufficient,  the  number  must  be  increased.  In 
the  presence  of  a suflBcient  number  of  attendants  accustomed  to  the 
management  of  such  cases,  mechanical  restraint  is  not  needed.  All 
such  patients  are  quick  enough  to  see  their  moments  for  submission 
or  for  escape.  If  mechanical  restraint  be  absolutelj'^  necessary,  a strong 
sheet  may  be  tucked  Avell  and  tightly  doAAui  on  both  sides,  but  no 
straps  or  folds  across  the  body  are  permissible,  as  such  bands  arrest 
respiration,  if  they  do  not  now  and  then  break  a rib.  Strait- jackets  are 
a suTA'ival  of  the  dark  ages,  and  leather  Avi’ist-bands  and  bandages  abrade 
the  skin  and  giA'e  rise  to  sores.  An  attendant  Avho  kneels  upon  a patient 
must  be  instantly  dismissed.  Very  much  can  be  done  Avithout  any 
restraint  by  attendants  Avho  knoAv  hoAv  to  humour  the  patient,  and  haA^e 
tact  in  soothing  and  diverting  him. 

As  convalescence  advances  attempts  to  overcome  the  drink  habit 
should  be  made  by  moral  suasion,  and  by  the  administration  of  strychnine, 
atropine,  capsicum,  and  so  forth.  After  recoA'ery  the  patient  may  Avith 
adA'antage  go  into  a licensed  Retreat  under  the  Inebriates  Acts,  in  order 
if  pos.sible  to  be  cured  of  the  drink  habit.  {Vide  p.  926.) 

Acute  Alcoholic  Mania  and  Melancholia. — In  persons  Avith  an  here- 
ditary nervous  irritability  alcoholic  excess  may  be  the  immediate  cause  ot 
an  outburst  of  acute  mania  or  melancholia. 

Alcohol  is  thu.s,  by  accident  as  it  Avere,  the  exciting  cause  of  an  attack 
of  acute  mental  aberration  ; but  the  symptoms  may  not  be  in  any  Avay 
characteristic  of  alcoholi.sm.  This  snbject  is  therefore  part  of  the  section 
on  in.sanity  {vide  Vol.  VIII.),  and  AV'ill  not  be  fiirther  treated  lieie. 

Dipsomania. — Dipsomatii<a  or  oinomania  is  a form  of  recurrent  mania 
or  psychical  epilepsy  attended  Avith  impulsive  drunkenness.  It  occurs 
j>erio<lically  at  intervals  of  tAVo  to  tAvelvc  months  in  persons  who  at  otlier 
times  are  perfectly  sober  ami  free  from  the  drink  craving.  It  attacks  only 
thf»se  who  have  a decifledly  hereditary  hiint,  or  who  have  aiMpurctl  a 
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certain  instability  of  the  nervous  system  from  head  injuries,  sun-sti'oke, 
and  the  like.  In  women  the  periodic  outbreak  often,  but  by  no  means 
always,  coincides  with  the  menstrual  How. 

The  premonitory  symptoms  are  restlessness  and  irritability  of  body 
and  mind,  sleeplessness,  and  mental  depression  and  change  in  conduct. 
After  inefl'ectual  struggles  the  barriers  of  self-control  break  down,  often 
towards  night  or  in  the  night ; alcohol  in  some  form  is  taken  copiously, 
and  the  patient  may  then  drink  straight  on,  and  be  continuously  drunk 
for  a week  or  a fortnight ; or  he  may  impulsively  drain  a decanter  of 
wine,  and  rise  in  the  morning  released  from  temptation. 

When  the  outbreak  has  been  a disgraceful  one  the  sinner  is  overcome 
with  grief  and  shame,  and  pursues  the  tenor  of  a sober  and  regular  life 
until  the  next  periodic  attack  causes  him  again  to  run  amok  in  alcohol. 

In  dipsomania,  between  the  recurrent  attacks  there  is  no  drink  craving 
and  no  great  danger  from  temptation ; it  thus  diffei’s  from  chronic 
alcoholism.  It  is  doubtful  whether  it  can  ever  be  cured,  though  the 
attacks  may  for  a lifetime  be  so  brief  as  to  remain  unknown  to  the  world. 
In  those  cases  in  which  one  heavy  draught  suffices  to  allay  the  craving, 
thei'e  is  often  indeed  no  apparent  intoxication,  an  immunity  we  may 
occasionally  observe  in  persons  who  drink  deeply  during  violent 
neuralgia : the  dose  seems  to  be  expended  on  the  restoration  of 
equilibrium. 

Dipsomania  evidently  belongs  rather  to  insanity  than  to  alcoholism 
(vide,  Vol.  VIII.  p.  269  ; and  for  Treatment  by  Hypnotism,  p.  421). 

H.  D.  Rolleston. 
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OPIUM  POISONING,  AND  OTHER  INTOXICATIONS 

By  Prof.  T.  Clifford  Allbutt,  M.D.,  F.R.S.,  and  Prof.  AV.  E.  Dixon,  M.D. 

It  is  often  said  that  the  cratdng  for  stimulant  and  narcotic  drugs  is  a 
vice  of  civilisation  ; the  labour  of  righteousness  and  wisdom  is  too  great 
a burden  even  to  be  borne — far  too  great  to  be  contemplated.  The  most 
complacent  of  men  has  moods  in  which  he  vushes  he  were  again  a child ; 
in  which  he  regi’ets  the  momentary  joys,  the  carelessness  of  things  to 
come:  once  again  he  would  “play  around  the  den  of  sorrow.”  The 
“ instinct  of  self-preservation  ” is  something  more  than  a clinging  to  bare 
life ; it  contains  a desire  for  the  fulness  of  it,  for  uncalculated  pleasures, 
for  happiness  which  comes  ivithout  scheming,  for  release  from  the  scheming 
which  does  not  bring  happiness  after  all : a man  will  lay  down  his  life 
without  a murmur,  but  if  it  is  to  be  lived  he  would  live  it  well. 

It  needs  no  long  consideration  to  tell  us  that  these  despondencies  and 
these  regrets  are  no  fruit  of  civilisation  : the  yearning  for  a deep  draught 
of  life  is  of  all  time ; savage  and  civili.sed  man  alike  are  ready,  if  occasion 
serve,  to  drown  care  in  fantasy,  and  through  some  magic  arch  of  ivory  to 
escape  into  the  lanil  of  the  blest. 

With  the  advance  of  “civilisation  ” the  use  of  such  giumaryc  as  lies  in 
herbs  is  not  more  but  less  prevalent.  Noah,  ms  soon  as  the  ark  was  well 
off  his  mind,  was  at  least  as  ready  as  a city  broker  to  seek  a careless  joy 
in  wine.  To’bring  higher  kinds  of  excitement  and  variety  into  the  lives 
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of  those  who  have  laboured  and  striven,  or  lain  in  dulness  and  monotony, 
is  the  gift  not  of  barbarism,  but  of  the  arts. 

The  iron  I’ule  of  the  tribal  savage  is  compensated  by  times  of 
coryl>antic  e.vcitement ; and  when  a Avholc  clan  gets  drunk  at  once  there 
is  no  room  for  scandal ; even  when  a whole  village  gets  drunk  there  is  no 
one,  except  a few  wives  who  do  not  count,  to  condemn  the  festival : but 
if  in  the  midst  of  a sober  community  we  individually  seek  these  fictitious 
consolations  we  find  that  scandal  is  awakened  and  moralists  are  alarmed. 
On  the  other  hand,  in  times  like  our  own  no  doubt  the  modes  of  indul- 
gence are  more  refined  and  the  occasions  of  it  more  secret.  In  the  ser- 
vice a soldier  given  to  drink  is  kept  more  or  less  straight  by  discipline 
and  the  lack  of  private  opportunity ; the  same  man  on  his  discharge 
disgraces  himself,  the  restraints  upon  him  are  less  constant  and  severe. 
The  more  civilised,  that  is,  the  more  various  and  interesting  life  becomes, 
the  more,  no  doubt,  will  be  the  occasions  of  secret  indulgence ; but  the 
temptation  -will  be  less,  and,  though  we  shall  hear  more  of  them,  the 
sinners  will  be  fewer. 

Wherein  lies  the  harm  of  “ stimulants  ” and  narcotics  1 If  they  are 
short  cuts  to  happiness,  why  not  use  paths  so  pleasant?  DoVe  not  our- 
selves prescribe  these  things  to  men  and  women  racked  with  pain,  or  worn 
out  by  labour  and  sorrow  ? That  sometimes  and  for  momentcuy  piu’poses, 
or  to  those  for  Avhom  all  hope  of  life  is  void,  we  do  administer  them, 
is  true ; but  we  do  it  Avith  the  utmost  precaution,  knoAving  that  thej'^  act 
by  reducing  life,  not  by  enlarging  it ; and,  moreoA’^er,  that  in  their 
degrees  they  create  an  organic  need  Avhich  Avhen  satisfied  In-ings  no  reAvai’d. 
Food  to  a hungry  man  fortifies  his  life ; love  to  a lorn  man  enlarges  it ; 
sleep  and  joy  refresh  us  for  neAV  adventures  : but  habitually  to  satisfy 
the  craving  for  drugs  like  morphine  and  alcohol,  brings  nothing  home  but 
the  continual  dropioing  of  their  endless  importunity.  And  this  is  because, 
in  maiming  life  to  diminish  the  capacity  for  pain,  Ave  likewise  diminish 
the  capacity  for  happiness  also. 

The  highest  functions,  though  they  yield  the  most,  fatigue  us  most ; 
the  machinery  is  at  once  the  most  complex,  the  most  costly,  and  the 
least  automatic.  By  the  ardour  of  aspiration  or  the  steadfastness  of 
faith  Ave  strive  to  bring  these  functions  into  habits,  and  thus  to  build  up 
pleasures  to  abide  Avith  us ; yet  in  this  exercise  the  frailty  of  man,  civil- 
ised or  barbarian,  is  revealed.  Noav  it  may  not  be  true  to  say  that  opium 
and  other  such  agents  cannot  do  anything  for  the  higher  life  ; to  some 
brilliant  men  the  Amiy  treachery  of  them  has  lain  in  the  fact  that  they 
have  some  mask  of  virtue.  It  is  alleged  of  many  such  agents  that  their 
stage  of  oblivion  is  preceded  by  a stage  of  stimulation.  Hoav  far  this 
stage  is  but  apparent,  or  hoAV  far  it  is  real,  is  hard  to  say : a sedation  of 
certain  parts  may  throAv  other  functions  into  an  eminence  Avhich  may  be 
positiA'e  or  may  be  relative.  In  persons  of  vivid  sensations,  to  calm  the 
commotion  of  conflicting  impvdses  may  be  some  enfranchisement  eA'en  of 
the  highest  faculties.  The  stories  of  such  lives  as  that  of  Coleridge  suggest 
such  a possibility ; or  eAmn  the  effects  of  a quiet  pipe  upon  smaller 
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pei'sons.  In  customaiy  use  of  <i  particular  sedative  the  system  ceases  to 
resent  its  presence,  and  thus  the  initial  stage  of  apparent  stimulation,  which 
seems,  if  delusively,  to  play  a part  in  the  action  of  all  narcotics,  is  less 
alloyed ; though  on  the  other  hand  the  doses  must  be  increased,  and  a 
time  arrives  when  the  drug  does  little  or  no  more  than  satiate  the  craving 
for  its  own  repetition.  Again,  after  the  sense  of  excitement,  on  the 
way  to  the  stage  of  depression,  a middle  moment  of  gratefid  peace  and 
irresponsibility  is  experienced ; “ Is  there  any  peace  in  ever  climbing  up 
the  climbing  wave  ? Let  what  is  broken  so  remain.  The  gods  are  hard 
to  reconcile.”  This  blissful  period,  however,  as  nervous  degradation 
becomes  established,  is  encroached  upon  by  misery,  as  is  the  pause  of  the 
heart  in  disease. 

The  only  common  factors  which  the  vast  group  of  paraffinoid  hyiDiiotics 
possess  are  a general  power  of  diffusion  into  the  uninjured  cells  of  living 
tissues,  comparative  insolubility  in  water,  and  a greater  solubility  in  fat 
and  fat^like  compounds.  Hans  Meyer  and  Overton,  working  independently, 
have  constructed  a hypothesis  which  assumes  that  in  the  living  body 
these  h}^notic  substances  dispose  themselves  on  the  one  hand  according 
to  their  relative  solubility  in  fat-like  compounds  (lecithin,  cholesterin) 
which  are  especially  contained  in  nervous  tissues,  and  water,  which  is 
represented  by  the  blood,  lymph,  and  other  tissues,  on  the  other.  The 
narcotic  action  of  a substance  is  therefore  regarded  by  Meyer  as  a 
function  of  solubility  in  fat -like  compounds.  In  support  of  this 
hypothesis  it  has  been  shewn  by  many  examples  that  all  inert  chemical 
substances  which  can  diffuse  into  living  cells  produce  narcosis  to  a degree 
roughly  proportional  to  their  relative  solubility  in  fat  and  water.  The 
most  powerful  narcotic  substances  are  those  Avhich  combine  a A^ery  slight 
solubility  in  water  Anth  a very  high  solubilitjr  in  olive  oil  or  more 
especially  in  brain-lipoid ; the  foreign  substance  by  collecting  in  nervous 
stractures  impedes  actiAuty,  and  all , the  cells,  motor  as  Avell  as  sensory, 
are  affected  in  the  same  way.  We  have  thus  an  intelligible  hypothesis, 
the  “partition  coefficient  theory,”  as  it  has  been  termed,  to  account  for 
the  action  of  a great  group  of  chemically  inert  drugs,  Avhich,  though 
acting  in  the  same  way,  have  no  chemical  properties  in  common.  It  is  not, 
hoAvcA'er,  to  this  group  of  indifferent  hypnotics  that  morphine  belongs  : 
its  mode  of  action  is  completely  different  from  theirs.  IMorphine  exerts  a 
.specific  depressant  action  upon  sensory  nerve-cells  ; and  the  motor  nerve- 
cells,  at  all  events  after  the  moderate  doses  of  the  drug,  are  not  influenced. 
So  that  the  j^atient  under  morphine  has  fcAver  sensory  impulses  of  all 
kinds,  but  the  motor  cortex  is  unafl'ected  and  in  animals  responds  to 
electriwil  stimulation  in  the  usual  manner.  But  morphine  has  one  action 
in  common  AAnth  the  indifferent  hypnotics : it  produces  a setiuence  of 
symptoms  in  man  and  animals  Avhich  can  be  explained  most  readily  on 
the  a.s.sumption  that  it  depresses  the  various  cerebral  centres  in  the 
reverse  order  of  their  development,  beginning  with  the  imycliical  centres 
and  working  downwards  to  the  medulla,  thus  affording  a good  c.xamidc 
of  the  order  of  dis.solution. 


940 


SYSTEM  OF  MED/C/NE 


The  truth  is,  there  can  be  little  doubt,  as  Schmiedelberg  first  pointed 
out,  that  narcotics  have  no  element  of  primary  stimulation  in  them  ; that 
from  the  first  they  arrest  the  function  of  the  parts  to  which  they  attach 
themselves,  the  parts  first  invaded  being  the  highest  planes  of  nervous 
function.  Thus  released  from  control  the  functions  of  the  lower  systems 
take  their  play ; and  necessitous  man,  no  longer  “ amazed  among  the 
thorns  and  dangers  of  the  world,”  is  reduced  to  the  light  and  careless  livery 
of  the  child.  Gradually,  howevei-,  the  drug,  tightening  its  hold  on  the 
higher,  penetrates  to  the  lower  planes  of  structure,  and  so  perverts  even 
the  grosser  viscera  of  the  body  that  gaiety  ends  in  abasement. 

Poisoning  by  opium  falls  readily  into  the  two  chapters  of  Acute 
poisoning  and  Chronic  poisoning ; in  the  former  case  the  drug  may  or 
not  be  wilfully  taken,  in  the  latter  wilfully  always.  Opium  is  never 
used,  except  in  the  case  of  infants,  as  a means  of  slow  murder,  for  which 
purpose  it  is  unsuitable. 

Acute  Opium  Poisoning. — The  action  of  opium  generally  corresponds 
to  the  action  of  morphine  but  not  always,  for  opium  obtained  from  Persia 
and  India  (which  is  unsuitable  for  use  in  medicine)  often  contains  a large 
amount  of  narcotine,  sometimes  even  more  than  of  morphine.  Nai’cotine 
has  a strychnine-like  action  on  the  cord,  that  is,  it  produces  clonic  con- 
\'ulsions.  Morphine  and  narcotine  are  not,  however,  diametrically 
opposed  in  action  ; the  characteristic  feature  of  the  former  is  depression 
of  the  sensory  cells  of  the  brain  and  comparatively  little  action  on  the 
cord,  whilst  the  stimulant  effect  of  the  latter  on  the  cord  masks  the 
cerebral  effect.  Hence  certain  varieties  of  opium  have  a more  convulsant 
action  than  others,  and  this  no  doubt  accounts  for  some  of  the  so-called 
cases  of  idiosyncrasy. 

Although  opium  or  morphine  is  used  so  rarely  by  poisoners,  it  is  far 
otherwise  in  respect  of  another  criminal  purpose,  namely,  of  suicide. 
Persons  seriously  suicidal  often  seem  indeed  strangely  indifferent  to  the 
amenities  of  the  ]>ractice.  So  far  from  invoking  a gentle  angel  of  death, 
such  persons,  in  their  hatred  of  life,  often  seem  to  find  a savage  delight 
in  rending  the  garment  of  the  flesh  violently  from  them.  Moreover, 
temptation  to  suicide  usually  presents  itself  to  the  aetor  in  a concrete 
form,  as  shooting,  drowning,  poisoning,  and  so  forth : thus  each  suicidal 
person  has  his  own  fashion  of  seeking  death.  Still,  among  the  less 
bloodthirsty  suicides — in  those  who  put  an  end  to  themselves,  not  in 
abhorrence  of  life,  but  in  pique,  fear  of  shame,  or  fantasy — opium,  which 
offers  a calm  and  painless  death,  is  often  the  chosen  means. 

Again,  opium  is  so  commonly  used  as  a medicine  or  as  an  indulgence, 
and,  as  a liniment  or  the  like  is  so  often  at  hand,  that  accidental 
poisoning  by  its  means  is  no  rare  mishap.  Recent  legislation,  however, 
or  modern  intelligence  which  is  more  effectual,  has  lessened  the  number 
of  these  accidents. 

The  varying  susceptibility  of  various  persons  to  opium  is  remarkable. 
The  extreme  sensitiveness  of  children  to  the  drug  is  well  known ; and. 
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indeed,  some  adults  fall  into  a syncojjo  on  taking  very  small  (juantities 

such  quantities,  for  example,  as  may  be  contained  in  ordinarv  cougli 
syrups.  Others  again  shew  a remarkable  tolerance  of  opium,  and,  as  in 
them  the  preliminary  “ stage  of  stimulation  ” is  prolonged,  or  is  unljlurred 
by  malaise  (as  in  the  case  of  De  Quincey  and  probably  of  Coleridge),  the}' 
are  the  more  liable  to  fall  into  habitual  indulgence. 

It  is  said  that  on  ingestion  of  overwhelming  doses  of  oi^ium  sem- 
blances of  excitement  are  absent,  or  nearly  so.  This  statement  must  be 
taken  wth  disciimination.  Cases  are  recorded  by  Tardieu  and  others, 
under  the  name  of  “ la  joi'ine  fmidroi/ante,”  in  which  the  patient  falls 
almost  at  once  into  coma ; the  limbs  are  relaxed,  and  no  response  can  be 
elicited  from  the  skin  or  the  conjunctiva.  Death,  in  the  coma  which 
appeared  at  the  outset,  may  occur  within  an  hour,  or  even  in  half  an  hour. 
No  delirium  or  convulsion  is  seen,  and  the  final  phenomenon,  dilatation  of 
the  pupils,  is  seen  almost  or  quite  from  the  beginning.  We  shall  make, 
of  coui'se,  the  ob\dous  reflection  that  the  characters  of  the  symptoms  may 
depend  not  merely  on  dose,  or  on  personal  idiosyncrasy,  but  on  the  con- 
ditions of  absorption  at  the  moment  of  ingestion. 

In  these  fulminating  cases  symptoms  of  excitement  may  be  impercep- 
tible or  altogether  wanting ; and  this  is  more  likely  to  be  the  case  if  a 
fatal  dose  of  moiphine  be  administered  subcutaneously.  But  in  ordinary 
circumstances,  when  the  symptoms  come  on  more  gradually  and  may  take 
half  an  horn'  or  an  hoiu’  to  develop  themselves,  some  signs  of  apparent 
excitement  are  not  wanting.  The  skin  is  hot,  the  pulse  is  quick,  the 
heart  throbs  or  palpitates,  the  head  may  ache,  or  dreams  merging  into 
delirium  may  be  vdtnessed  for  a passing  interval.  In  this  state,  moreover, 
the  pupils  are  minutely  contracted.  In  some  cases  the  agitation  and 
hallucinations  are  terrific,  and  the  reflexes  vivid ; such  cases  are  more 
usual  in  women  and  children  possessing  a highly  emotional  temperament 
than  in  men,  but  they  are  commonest  in  Malays  and  some  other  Eastern 
races.  Cats  (Felidie)  are  peculiar  among  animals  in  that  morphine 
always  induces  great  excitement  in  them ; the  animal  rushes  wildly  about, 
apparently  without  an  object,  not  always  avoiding  obstacles.  This  state 
does  not  depend  on  direct  stimulation  of  the  motor  area,  for  electrical 
e.xcitation  of  this  part  elicits  a normal  response.  The  excitement  must 
be  explained  by  a dissolution  of  the  controlling  centres.  Why  the  cat 
should  be  affected  in  this  way  more  than  other  animals,  it  is  difficult  to 
understand ; but  drugs  which  attack  the  central  nervous  system  always 
exhibit  these  differences  in  different  animals  and  not  infrequently  indeed 
in  animals  of  the  s<'ime  genus.  To  e.xemplify  this  it  is  only  necessary  to 
refer  to  the  varieties  of  alcoholic  intoxication  in  man,  the  lacrimose, 
pugnacious,  hilarious,  and  .so  forth  j all  of  which  are  determined  by  the 
raa'n’s  habitual  moods,  one  variety  being  u.sually constant  for  each  individual. 

Stupor  then  gnidually  gains  upon  a period  of  excitement,  which  may 
be  virtually  absent,  more  or  less  transient,  or  more  or  lc.ss  confined  to 
certain  regions  or  functional  groups  of  the  body.  Iho  face  l)CCoiucs 
more  flusky,  the  blood-prc.ssure  falls  a little,  and  the  breathing  is  more 
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slow  and  stertorous  ; no  external  stimulation  can  awaken  a response  ; the 
limbs  are  relaxed,  the  pulse  feeble  and  irregular.  The  secretions,  which, 
witli  the  exception  of  the  sweat,  have  been  falling  in  quantity  from  the 
beginning,  are  now  suppressed  ; the  sphincters  are  relaxed,  and  the  pupils 
dilate.  During  the  advance  of  this  comatose  state  the  patient  is  not  only 
unconscious,  but  ere  long  he  is  not  to  be  aroused  by  any  noise  or  agita- 
tion ■,  though  for  a little  while  such  means  may  bring  a returning  flush 
to  the  cheek  or  a little  more  force  into  the  respiration.  If  death  occur,  it 
comes  by  failure  of  the  respiration,  which  becomes  uneven,  tidal,  and 
even  so  slow  as  10  in  the  minute.  We  have  once  or  twice  seen  slight 
convulsive  movements  during  the  coma,  but  in  the  earlier  stages  of  it. 
Some  writers  speak  of  intercurrent  moments  of  awakening ; at  any  rate 
false  semblances  of  amendment  are  as  common  as  they  are  deceitful. 

The  duration  of  the  coma  is  rather  variable,  but  never  lasts  more  than 
a few  hours  ; the  duration  depends,  indeed,  less  on  the  quantity  token  than 
on  the  temporary  conditions  of  absorption  and  the  tolerance  of  the  indi- 
vidual. A persistent  improvement  in  the  depths  of  the  respirations  and 
in  the  colour  of  the  skin  would  be  the  first  sign  of  recovery ; though,  as 
we  have  said  of  false  semblances  of  recovery,  such  signs  must  not  be  too 
readily  accepted  : moreover,  relapses  are  not  uncommon,  due  probably  to 
some  renewed  dispersion  of  the  poison  into  the  system.  The  morphine  is 
excreted  into  the  stomach  and  intestines,  and  this  may  be  reabsorbed  and 
so  work  in  a vicious  circle.  In  acute  cases  in  children  Sir  T.  Stevenson 
says  that  “ the  second  stage  of  intoxication  is  often  wanting,  and  severe 
collapse  and  complete  unconsciousness  rapidly  supervene.” 

Diagnosis. — Although  the  candidate  for  a medical  degree  is  often 
invited  to  give  the  points  of  diagnosis  beDveen  acute  poisoning  by  opium 
or  by  alcohol,  and  of  these  again  from  hmmorrhage  into  the  pons  Yarolii, 
yet  in  some  cases  a positive  diagnosis  is  out  of  reach ; and  in  many  more 
a diagnosis  can  be  founded  oidy  upon  such  incidental  circumstances  as 
the  smell  of  opium  in  the  vomit  or  breath,  or  on  such  evidences  of  suicide 
as  mental  disorder,  purchase  of  the  drug,  empty  bottles,  and  so  forth. 

Unless  the  patient  be  in  the  final  stage,  the  pupils  vdll  be  equal  and 
closely  contracted,  and  the  unconsciousness  profound.  An  alcoholic 
patient  is  rarely  intoxicated  beyond  the  points  of  struggling  and  swear- 
ing, under  which  emotions  his  pupils  often  vary  in  size.  Albuminuria 
may  result  from  the  prolonged  use  of  opium : on  the  other  hand, 
evidence  of  the  presence  of  morphine  in  the  system  of  a comatose 
person  does  not  exclude  uraemia ; it  might  even  suggest  it.  From 
syncope  the  distinction  should  not  be  difficult,  except  in  the  last  stage, 
when  the  state  may  partake  of  the  syncopic  character ; }mt  even  then 
the  stupor  and  abolition  of  reflexes  may  direct  the  observer  aright. 
General  convulsions  at  the  outset,  if  the  outset  were  witnessed,  would  not 
suggest  opium,  but  rather  ura3mia,  or  haemorrhage  on  the  surface  of  the 
brain  ; here  again  the  almost  invariable  equality  and  pin-hole  contraction 
of  the  morphinous  pupils  may  assist  us.  A unilateral  symptom,  whether 
paretic,  spasmodic,  or  ocular,  woidd  divert  the  attention  from  opium  ; and 
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a rise  ot  temperature  would  direct  our  surmises  towards  cerebral  liajiuor- 
rhago.  Ill  diabetic  coma  we  may  have  the  smell  of  the  breath  to  help 
us ; aud  the  examination  of  a specimen  of  the  urine,  which  may  be  drawn 
off  by  the  catheter,  is  important.  Tidal  breathing  (Cheyne-Stokes)  may 
occur  in  opium  poisoning,  chloral  poisoning,  cerebral  htemorrhage,  diabetes, 
or  unemia ; its  significance  is  a deficiency  of  oxygon  in  the  blood,  and  the 
condition  can  generally  be  removed  by  the  inhalation  of  oxygen.  The 
state  of  the  pupils  usually  suffices  to  distinguish  opium  from  chloral 
poisoning,  and  from  this  their  minute  and  equal  contraction  with  sAveating 
skin  must  be  distinctive. 

Morbid  Anatomy. — There  is  nothing  in  opium  poisoning  to  distinguish 
the  brain  from  other  conditions  in  Avhich  cerebral  “ congestion  occurs  ” ; 
nor  is  there  an}^  constant  morbid  feature  of  the  lungs  or  heart.  Prof.  Osier, 
however,  reports  that  exti-eme  passive  congestion  of  the  bases  of  the  lungs 
takes  place,  as  in  cerebral  apoplexy.  Medico-legal  considerations  do  not 
come  within  the  limits  of  this  work. 

Treatment. — The  first  indication,  it  is  needless  to  say,  is  to  empty 
the  stomach  ; even  if  it  be  knoAvn  that  the  poison  was  taken  hypo- 
dermically this  operation  must  not  be  omitted,  as  morphine  in  smaller 
or  larger  quantities  finds  its  way  into  the  stomach  from  the  blood. 
To  empty  the  stomach,  the  siphon  is  the  proi^er  means.  Emetics  Avould 
probfibly  act  slowly  or  not  at  all : in  the  use  of  potent  emetics  there  is  a 
risk  of  smothering  the  spark  of  life.  Yet  if  no  siphon  be  at  hand,  an 
emetic  of  mustard  and  water  must  be  administered  ; or  apomoi’phine  may 
be  given  under  the  skin,  but  it  is  a very  depressing  agent,  and  in  so  pro- 
found an  apathy  the  reaction  to  a drug,  even  subcutaneously  introduced, 
may  be  sIoav  and  imperfect;  perhaps  it  may  be  safely  given  Avith  strychnine. 
Besides  emptying  the  stomach  at  half-hourly  intervals,  to  remove  the 
successive  infiltrations  of  the  poison  Avhich  are  excreted  into  its  cavity, 
can  Ave  do  anything  more  ? 

It  is  the  custom,  a custom  in  Avhich  Ave  have  loyally  taken  our  part 
during  man}'  a weary  hour,  to  “ arouse  ” the  patient  by  bullying  him. 
He  is  cuffed,  dragged  up  and  doAvn  the  room  by  relays  of  enthusiasts, 
pinched,  singed,  flipped  Avith  wet  toAvels,  baAA'led  at,  and  racked  by 
electric  currents  strong  enough  to  drive  an  omnibus.  Noav,  although 
these  measures  may,  no  doubt,  animate  a medical  student  Avith  his  first 
real  sense  of  doing  some  good  in  the  Avorld,  yet  they  are  almost  as 
useless  as  barbarous.  What  possible  end  can  be  served  by  flagellating  a 
sensele.ss  corpse?  So  long  as  the  poison  oppresses  the  nervous  centres 
it  is  u.scless;  Avhen  the  poison  is  clearing  aAvay  it  is  otiose.  Tavo 
good  purposes  may  possibly  be  credited  to  them ; it  may  be  alleged 
that  such  efforts  raise  arterial  blood-pressure,  and  that  the  Avet-toAvel 
business  may  stimulate  the  respiratory  centre.  Noav  avo  knoA\  little 
enough  about  the  conditions  which  modify  blood-pressure ; that  muscular 
exerci.se,  or  at  any  rate  the  first  initiation  of  it,  raises  the  ]iie.ssure  is 
tnie  ; but  to  this  end  there  must  be  a function  on  the  part  of  the  patient : 
to  haul  a dummy  about  the  room  will  only  raise  the  lilood-pressurc  of 
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the  cittemlants.  If  the  respiratory  function  may  be  stimulated  by 
“ towel-ending,”  far  be  it  from  us  to  deprive  the  patient  of  such  atten- 
tions. But  seeing  that  we  are  in  some  measure  independent  of  this 
drowsy  nerve-centre,  and  can  for  a while  perform  the  patient’s  respira- 
tion much  better  than  he  can,  why  resort  to  dubious  means?  Instead 
of  all  this  rough-and-ready  turbulence,  relays  of  attendants  should  be 
deliberately  organised  for  artificial  respiration,  and  the  respiration  thus 
kept  going  in  order  that,  as  the  poison  is  excreted,  if  happily  it  may 
be,  the  awakening  centre  may  find  that  its  work  has  been  going  on 
during  its  abeyance,  and  that  its  machinery  is  in  working  order.  After 
clearing  the  stomach,  artificial  respiration,  the  inhalation  of  oxygen, 
and  the  application  of  warmth  to  the  body  and  limbs,  are  the  first  and 
chief  means  of  restoration.  A lowered  temperature  is  one  of  the 
constant  effects  of  narcotic  poisoning,  and  is  apparently  due  both  to 
depression  of  the  heat-centre  in  the  corpus  striatum  and  absence  of 
voluntary  movement.  And  one  of  the  most  important  means  of  pre- 
venting death  from  collapse  is  to  ensure  continuous  application  of 
artificial  warmth  to  the  patient’s  body.  Now,  can  we  do  anything 
else  ? Are  there  any  specifics  which  have  the  power  of  neutralising  or 
counteracting  the  opium  or  the  morphine  ? Prof.  Binz  and  Sir  Lauder 
Brunton  say  that  atropine  has  an  antagonistic  action  to  opium  up  to 
a certain  point,  chiefly  in  its  action  on  respiration — atropine  acting  as 
a stimulant,  and  morphine  as  a depressant  on  the  respiratory  centre. 
We  have  administered  atropine  in  several  cases  of  opium  poisoning,  and 
have  thought  with  occasional  advantage,  but  certainly  not  with  any  great 
or  consistent  success.  These  drugs,  though  antagonistic  as  regards  their 
effect  on  the  medulla,  probably  do  not  act  on  the  same  cells.  Morphine 
depresses  the  sensory  nerve-eells,  and  its  effects  are  due  to  a deficiency 
of  afferent  impulses.  Atropine,  on  the  contrary,  appears  to  act  on  the 
efferent  impulses,  probably  the  motor  nerve-cells  are  rendered  hyper- 
excitable.  In  view  of  the  depression  of  the  respiratory  centre  it  is  well  to 
inject  small  and  cautiously  repeated  doses,  watching  the  effects  upon  the 
function ; but  blindly  to  pour  in  a second  virulent  poison  upon  the  first 
can  never  be  pardonable  so  long  as  our  knowledge  on  the  subject 
remains  as  scanty  as  unfortunately  it  is  at  present.  The  obvious 
antagonism  of  the  actions  of  these  drugs  upon  the  pupil  has  caused 
too  much  confidence  in  the  completeness  of  their  opposition ; the 
antagonism  is  only  apparent,  for  the  morphine  produces  its  eftect 
centrally,  whilst  the  atropine  acts  by  depressing  the  terminals  of  the 
third  nerve  in  the  iris.  Pure  caffeine,  however  (not  the  citrate,  which 
is  not  so  constant  a drug),  may  be  safely  injected  subcutaneously  in 
doses  of  five  grains ; the  dose  may  be  repeated,  and  injections  of  hot 
infusion  of  coffee  or  green  tea  may  be  thrown  into  the  rectum.  So  far, 
then,  our  means  seem  to  be  evacuation  of  the  stomach,  injections  of  pure 
caffeine  and  hot  coffee,  a cautious  trial  of  Jg-  to  gr.  of  atropine,  and 
artificial  respiration,  with  perhaps  the  inhalation  of  oxygen,  as  the 
function  becomes  more  shallow  or  uneven.  The  cafteine  is  an  excellent 
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luedulliuy  stiinuliint,  and  it  is  bettor  to  rely  on  this  aid  than  to  give 
alcohol  so  freely  as  is  often  recommended.  It  must  be  remembered  that 
alcohol,  although  possibly  of  use  as  a cardiac  stimulant,  is  a narcotic  i)oison, 
stupefying  the  bruin.  jMorphine,  even  in  the  largest  doses,  has  no  direct 
action  upon  the  lieart ; if  the  heart  shews  signs  of  failure  it  is  due  to 
other  indirect  causes,  such  as  inefficient  respiration  or  collapse,  following 
an  excessive  fall  of  temperature. 

Of  late  years  potassium  permanganate  has  been  warmly  recommended. 
It  is,  unfortunately,  only  destructive  of  that  portion  of  the  alkaloid  present 
in  the  stomach,  and  then  only  if  the  stomach  be  nearly  empty.  By  this 
contact  the  Sivlt  o.xidises  the  alkaloid,  and  thus  reduces  it  to  a harmless 
state ; and  it  must  be  admitted  that  Dr.  Moor  has  shewn  b}'  his  observa- 
tions, including  a number  of  experiments  on  man  (such  as  the  administra- 
tion of  three  to  five  grains  of  morphine  followed  by  the  permanganate), 
that  the  remedy  has  considerable  power  upon  the  poison  while  the  latter 
is  still  in  the  stomach.  It  is  clearly  our  duty,  then,  to  inject  a solution 
of  the  potassium  salt  (ten  gi’ains  dissolved  in  six  ounces  of  water)  into 
the  stomach  at  the  time  of  using  the  stomach-tube ; or,  if  this  cannot  be 
introduced,  to  administer  it  by  the  nasal  tube.  Although  the  introduc- 
tion of  the  permanganate  into  the  stomach  cannot  directly  neutralise 
morphine  already  absorbed,  yet  we  have  seen  that  small  quantities  of 
morphine  return  to  the  cavity  of  the  stomach,  even  when  the  drug  is 
inserted  subcutaneously  (Kandidoff).  So  far  as  this  be  true,  the  intro- 
duction of  the  permanganate  is  always  a reasonable  measure;  and  Dr. 
^loor  relates  a case  in  which  morphine  was  found  in  the  stomach  thirteen 
hours  after  150  grains  of  opium  had  been  swallowed.  He  directs  us  to 
administer  half  a gramme  to  a gramme  of  the  antidote  in  an  ounce  of 
water  every  half-hour  by  the  mouth ; or  as  frequently  to  wash  out  the 
stomach  -vnth  a weak  solution  of  the  permanganate.  It  is  hardh’^  neces- 
sar}'  to  point  out  that  the  hypodermic  injection  of  permanganate  is  quite 
useless,  as  the  drug  is  reduced  before  it  reaches  the  circulation. 

Chronic  Poisoning.— In  Children. — Of  the  slow  poisoning  of  infants 
and  very'  y'oung  children  by  those  narcotics  which  contain  opium  we  have 
little  or  no  experience.  We  are  told  that  such  practices  may  be  suspected 
when  an  infant  dwindles,  turns  sallow,  and  is  constipated,  or  has  diarrhwa 
with  offensive  stools.  Incontinence  of  urine,  if  continence  had  been 
reached,  may  recur.  With  its  .sickly  looks  the  patient  loses  aj)petite, 
and,  when  not  under  the  influence  of  the  sedative,  is  irritable  and  sleep- 
lass  ; hence  of  course  the  excuse  for  continuing  the  use  of  the  drug.  In 
children,  .-us  in  adults,  pruritus  and  albuminuria  may  bo  observed.  It  is 
saifl  that  not  ordy  are  elixir.s,  and  the  like,  conUining  laudanum  or  other 
opiates  given  by'  the  mouth  to  children,  but  even  clysteis  also.  Ihe 
difficulty  of  treating  such  cases  lies  in  the  discovery  of  the  cause  of  the 
ailment;  on  such  discovery  gradual  withdrawal  of  the  drug  is  all  that  is 
required.  Mattison  cites  a ca.se  of  chronic  opium  poisoning  in  childhood. 
A baby  of  seven  months,  when  first  sc'tn,  pre.sented  the  shriycllcd  and 
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wrinkled  appearance  of  an  old  man.  The  child  had  been  normal  at  birth, 
and  had  thriven  up  to  the  age  of  four  months,  when,  in  order  to  quiet  it 
udren  fretful,  paregoric  was  given  to  it.  Laudanum  soon  became  neces- 
sary, and  in  increasing  doses,  so  that  when  the  ehild  was  first  seen  bv 
the  physician  it  weighed  only  seven  pounds,  and  was  very  weak  and 
emaciated  : it  was  taking  at  this  time  no  less  than  an  ounce  of  laudanum 
daily.  The  laudanum  was  reduced  by  one  drop  at  each  dose,  and  at  the 
end  of  a month  the  child  had  become  plump  and  well  again.  It  must  not 
be  asserted,  on  the  other  hand,  that  opium  ought  never  to  be  administered 
to  infants  : we  have  the  authority  of  Dr.  Eustace  Smith  and  others  for 
saying  that  opium  may  be  of  “ extreme  value  ” in  their  ailments.  Dr. 
Eustace  Smith  tells  us  that  no  ill  effects  will  ensue  if  care  be  taken  to 
begin  with  a sufficiently  small  dose,  and  to  po.stpone  a second  dose  until 
the  effects  of  the  first  have  been  ascertained.  Thus,  for  a child  of  one 
year  old  suffering  from  purging,  if  one  minim  of  laudanum  have  not  pro- 
duced drowsiness,  another  may  be  given  in  six  hours  ; with  these  pre- 
cautions the  remedy  will  be  well  borne  three  times  a day  (cf.  Vol.  I.  p.  257). 

A curious  assertion  has  been  made  by  Dr.  Happel,  that  the  children 
of  morphinists  often  shew  at  birth  the  “ symptoms  of  withdrawal  ” of  the 
drug ; that  they  readily  become  cyanotic,  and  need  morphine  and  alcohol 
to  rear  them.  Dr.  Crothers,  in  the  same  discussion  (42),  added  that 
these  children  not  rarely  become  themselves  morphinists  or  alcoholists  in 
after-life.  It  must  be  difficult  to  distinguish  between  such  a direct  and 
specific  influence  and  the  more  general  forms  of  neurotic  inheritance. 
Four  cases  recur  to  our  memory : in  one  case  the  child  of  a morphinist 
father  was  marked  only  by  asthma,  which  probably  was  part  of  a neurotic 
inheritance  independently  of  the  morphinism ; and  the  children  of  three 
morphinist  mothers  were  fairly  healthy.  As  the  use  of  moriffiine 
diminishes  sexual  desire,  the  children  of  morphinist  mothers  are  more 
commoidy  met  with  than  of  morphinist  fathers.  Such  children  are  no 
doubt  born  in  poison,  and  need  most  careful  feeding  and  management  to 
attain  a fairly  healthy  state  (Gossmann).  Erlenmeyer  saw  a healthj’^  child 
born  of  two  inveterate  morphinists ; but  on  the  other  hand  he  reports 
that  many  such  children  are  sickly,  frail,  and  bloodless. 

Chronic  Poisoning  in  Adults. — (Synonyms  : Morphinism,  moiphio- 
inania,  Morphiumsmht.) — We  now  enter  upon  the  most  important  chapter 
of  our  subject,  namely,  of  the  opium-eater  or  morphinist.  Chronic 
opium  habits  may  be  divided  into  three  practices — that  of  the  opium- 
eater,  by  whom  the  drug  is  swallowed  in  the  crude  state  or  in  preparations 
of  the  crude  drug,  such,  for  example,  as  laudanum ; the  opium-smoker, 
uffio  inhales  sublimated  products  of  it ; and  the  morjffiinist,  who  injects 
a solution  of  morphine  under  the  skin,  or  in  some  cases  into  a vein. 

It  is  neither  possible  nor  necessary  to  enter  into  the  Avhole  matter  of 
the  use  and  abuse  of  opium  by  the  opium-eater.  The  reader  who  has 
pei’used  any  great  part  of  the  evidence  taken  by  the  Opium  Commission 
in  India  is  aware  that  opium  is  used  by  a vast  number  of  His  Majesty’s 
subjects,  and  by  thousands  of  others  beyotid  his  dominions,  in  the  faith 
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that  the  drug  is  useful  to  them,  aud  is  not  abused  in  any  ordinary  sense 
of  the  term.  '\\  hether  it  be  taken  as  an  antidote  to  fever  or  other  ill- 
health,  or  as  one  of  those  nervine  agents  tvhich  all  people,  civilised  or 
uncivilised,  discover — as  u’e  have  discovered  tea,  coflee,  and  tobacco — to 
soothe  the  nervous  system,  to  restore  it  after  fatigue,  or  to  endow  it  with 
powers  of  extraordinary  endurance  in  lieu  of  rest  or  food,  opium  is  used, 
rightly  or  wrongly,  in  many  Oriental  countries  not  as  an  idle  or  vicious 
indulgence,  but  as  a reasonable  aid  in  the  work  of  life. 

A patient  of  one  of  us  took  a grain  of  opium  in  a pill  every 
morning  and  every  evening  of  the  last  fifteen  years  of  a long,  laborious, 
and  distinguished  career.  A man  of  great  force  of  character,  concerned 
in  aftairs  of  weight  and  of  national  importance,  and  of  stainless  character, 
he  persisted  in  this  habit,  as  being  one  which  gave  him  no  conscious 
gnrtification  or  diversion,  but  Avhich  toned  and  strengthened  him  for  his 
deliberations  and  engagements.  He  did  not  use  tobacco,  and  the  opium 
seemed  to  stand  to  him  in  the  place  of  that  aid.  The  habit  had  arisen  on 
the  not  improper  adHce  of  a physician,  who  had  found  him  liable  to  inter- 
mittent “ gouty  ” glycosuria.  The  opium  was  continued,  however,  not  on 
this  accoimt,  but  for  its  own  sake.  This  case  is  the  only  important  one 
in  which  wc  have  had  occasion  continuously  to  observe  a moderate  use  of 
the  drug  in  this  country.  In  temperate  non-malarious  climates  opium 
is  not  required,  or  is  better  displaced  by  tea  or  tobacco.  Opium  is  still 
largely  used  by  dwellers  on  the  levels  of  England  which  at  one  time  were 
malarious ; either  because  there  is  still  in  such  districts  some  remnant  of 
maleficence,  or,  more  probably,  from  old  custom.  It  may,  however,  be 
taken  as  a safe  rule,  in  our  own  country  at  any  rate,  that  the  familiar 
use  of  opium  in  any  form  is  to  play  with  fire,  and  probably  to  catch  fire. 
Of  the  moderate  use  of  opium  in  other  countries  no  final  opinion  can 
now  be  given ; in  adults  of  good  character  the  physician  must  use  his 
own  discretion,  but  he  must  ascertain  that  the  habitual  daily  allowance  is 
not  an  increasing  one.  Any  temptation  to  such  an  increase — say  beyond 
two  grains  a day — should  determine  the  habit  at  once.  One  who  has 
given  himself  up  to  the  use  of  opium  may  not  uncommonly  consume  as 
much  as  half  a pint  of  laudanum  in  twenty-four  hours ; and  it  is  asserted 
that  an  Oriental  may  consume  “ several  grammes  ” of  opium  in  a day. 
Among  Mohammedans  opium  is  strangely  supposed  to  have  aphrodisiac 
virtues ; they  also  use  it  as  a surrogate  for  the  forbidden  alcohol,  and, 
with  more  excuse,  to  help  them  over  those  terribly  protracted  fasts  of 
which  we  in  the  AVest  have  no  experience. 

An  important  question  which  has  lately  received  considerable  atten- 
tion is  that  of  tolerance.  Two  views  of  this  phenomenon  have  been  held: 
the  one,  that  it  depends  on  the  gradual  habituation  of  the  tissues  to 
morphine ; the  other,  that  this  substance  undergoes  some  change  in  the 
Ixxly ; and  as  one  of  its  products  of  oxidation,  oxydimorphino,  possesses 
scarce’ly  any  action  it  w,%s  tiatural  U>  suppose  that  the  production  of  this 
sul^tance  in  the  body  would  explain  the  condition.  At  best  this  is 
a surmise,  and  proof  is  wanting.  Morphine,  unlike  most  alkalonls,  is 
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excreted  into  the  alimentary  canal,  and  much  of  it  can  be  i-ecovered  from 
the  faeces.  Faust  has  shown  that  after  the  hypodermic  injection  of 
moderate  doses  into  dogs  66  per  cent  can  be  extivicted  from  the  faeces. 
B.y  gradually  increasing  the  dose  this  amount  diminishes,  until  after  a 
time  no  morphine  is  excreted  either  in  the  faeces  or  urine ; niore- 
o\ur,  after  the  death  of  the  animal  none  can  be  extracted  from  any 
of  the  organs.  Yet  in  these  animals  the  ordinary  symptoms  of  morphine 
were  produced  by  enlarging  the  dose.  Faust,  in  our  opinion,  legitimately 
concludes  that  habituation  to  morphine  is  due  to  increased  capacity  of  the 
tissues  to  destroy  it.  He  employed  sodium  oxalate,  a drug  which  is 
excreted  in  the  urine,  as  a control  experiment,  and  found  that  when  the 
dose  was  increased  the  drug  was  excreted  by  the  kidneys  in  the  same 
relative  amount.  This  tolerance  to  morphine  is  not  due  to  an  antitoxin, 
for  no  specific  substance  of  this  nature  can  be  obtained : it  seems  rather 
to  depend  on  the  oxidising  jjower  of  protoplasm.  Since  bio-chemistiy 
has  shewn  us  how  large  a number  of  the  specific  chemical  reactions 
physiologically  occurring  in  the  body  are  brought  about  ferments,  we 
may  presume  that  the  oxidation  of  morphiiie  is  effected  in  the  same  way. 

Opium-smoking,  whether  in  Europe  or  elsewhere  in  the  world,  suffers 
condemnation  not  because  of  the  direct  mischief  of  it,  which  may  or  may 
not  be  great,  but  of  the  degrading  circumstances  of  its  pursuit ; in 
Eastern  towns  it  is  the  resource  of  the  scum  of  the  earth,  and  is  associated 
with  every  kind  of  abomination.  Apart  from  its  brutish  surroundings, 
the  smoking,  subtle  and  seductive  as  these  fumes  may  seem  to  be,  cannot 
in  itself  be  so  mischievous  a practice  as  opium- eating  or  morphine 
injection.  Throughout  this  article,  for  brevity’s  sake,  we  have  assumed 
that  the  effects  of  opium  and  of  morphine  are  virtually  the  same,  as 
ordinarily  they  are  ; but  the  practice  of  opium-smoking  seems  to  indicate 
some  important  differences.  Morphine,  if  volatilised  at  all,  is  thus 
dissipated  in  very  small  ciuantity,  and  of  the  sublimate  a great  part  must 
l)e  collected  about  the  pipe.  None  of  the  bitter  taste  of  the  alkaloid  is 
perceived  in  the  mouth  of  the  smoker.  The  total  amount  of  morphine 
in  one  charge  is  calculated  to  be  no  more  than  three  milligrammes  ; now, 
even  if  twenty  pipes  are  smoked  in  a day,  which  is  a liberal  allowance, 
we  have  only  a possible  total  of  six  centigrammes  (about  one  grain)  of 
morphia  burned  in  a day ; the  chief  part  of  this  is  literally  burned 
and  not  sublimated  at  all,  and  of  the  rest  more  or  less  is  deposited 
about  the  pipe.  A modern  lady  morphinist  would  put  the  remnant 
under  her  skin  six  times  a day,  and  call  upon  us  to  admire  her 
moderation.  Again,  the  smoker  does  not  prize  those  qualities  of 
opitun  which  contain  the  larger  proportions  of  morphine,  but  prefers  the 
Indian  and  Chinese  drugs  (principally  that  of  Patna),  which  contain  only 
3 to  7 per  cent  of  morphine.  Nevertheless  the  evils  of  opium-smoking 
ai-e  too  patent  to  be  reasoned  away  ; and  arguments  for  its  innocence 
are  sufficiently  confuted  by  the  existence  and  results  of  the  practice. 
There  is,  no  doubt,  some  maleficent  quality  in  opium-smoke  which 
enslaves  the  smoker. 
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Opium -smoking  obtained  a certain  vogue  in  tiie  United  States,  until 
it  was  ousted  by  the  syringe  ; on  the  other  hand,  curiously  enough, 
large  quantities  of  morphine  are  sent  to  China  itself  as  a “cure”  for 
opium-smoking.  The  juoiqdiinc  is  made  up  in  powders,  each  of  which 
contains  about  a third  of  a grain  in  some  rice-powder ; the  powders  are 
taken  at  lengthening  intervals  until  the  habit  is  broken. 

The  opium -smoker  is  not  rarel}"  a man  of  active  habits;  and  in 
moderation,  like  other  uses  of  such  drugs,  the  pi'actice  may  enable  the 
user  to  do  a great  deal  of  work  on  little  food.  Indeed  the  testimony  of 
many  travellers  seems  to  assure  us  of  this.  lu  such  persons  it  may  do  no 
more  harm  than  the  inhaling  of  cigarettes.  The  first  effect  of  the  drug 
on  the  Chinese  smokers  is  to  render  them  more  loquacious  and  animated, 
and  to  give  them  an  elated  sense  of  superiority,  effects  to  be  attri- 
buted to  depression  of  the  higher  or  controlling  centres  in  the  brain. 
Gradually  conversation  drops,  the  devotee  becomes  di'owsy  and  passes 
into  a deep  sleep,  from  which  he  aAvakes  in  from  one  to  four  hours.  Just 
as  alcohol  brings  out  the  character  of  a man,  so  it  is  ■with  the  opium - 
smoker ; his  behariour  in  the  first  stage  is  determined  by  his  character 
and  habitual  mode  of  thought.  Thus  the  opium-pipe  renders  the  Malay 


outrageous  and  c|uarrelsome. 

In  depraved  persons  and  imbeciles,  who  ■will  abandon  themselves  to 
anything,  it  gradually  produces  the  opium  cachexia — “the  emaciation, 
leaden  i^allor,  languor,  and  utter  neglect  of  person  and  duties  of  life,”  in 
which  the  influence  of  morphine  seems  to  manifest  itself.  In  competition 
with  the  smoking-shops,  there  are  now  shops  where  injections  are  to  be 
had  at  so  much  the  syringeful. 

Morphine  injection  is  by  far  the  most  important  agent  in  the  story  of 
the  consumption  of  this  dnig.  The  opium-eater  was  a portent,  almost  a 
bogie  ; the  morphinist,  with  her  syringe  and  case  of  tablets,  is  a familiar 
object  in  our  consulting- rooms,  if  not  in  any  nearer  relation.  This 
terrible  rice — a vice  scarcely  less  than  that  of  alcoholic  drunkenness — 
is  perhaps  somewhat  on  the  decline ; partty  because  those  who  Avould 
draw  to  it  are  better  aware  of  its  evils,  partly  because  medical  men  are 
better  aware  of  the  danger  of  putting  the  means  of  indulgence  within 
the  reach  of  a patient.  On  the  first  discovery  of  the  method  the  effects 
of  small  injected  doses  were  seen  to  be  so  beneficial,  so  prompt  in  lelief, 
so  free  from  the  digestive  derangements  of  opium  in  its  other  forms,  that 
physician.s,  little  knowing  what  they  were  about,  took  readily  to  the 
syringe  in  whatsoever  sort  of  patient,  and  actually,  indeed,  handed  over 
the  ase  of  the  instrument  to  nurses,  even  to  the  patients  themselves: 
many  persons  were  thus  led  by  trasted  advisers  into  tcmi)tation  who 

would  otherwise  have  been  clear  of  it. 

Nowadays  whoso  betakes  him.self  to  the  morphine  syringe  does  so  of 
his  own  naughtiness;  yet  that  there  is  a good  deal  of  such  naugditmess 
in  this  worhl  may  be  inferred,  not  only  frf)m  ]jer.sonal  expei'ience,  a 
fallacious  guide,  but  from  the  huge  consiunptinn  of  the  drug.  i‘o 

in-starice,  during  the  twenty-five  years  beginning  in  IHM  and  ending  i 
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1880,  the  quantity  of  opium  imported  into  the  United  States  increased 
from  72,000  lb.  to  372,000  lb.  ; the  population  during  that  time,  so  far 
as  can  be  gathered  from  ordinary  sources,  no  more  than  doubled  itself. 
Now,  in  its  medicinal  uses  the  consumption  would  not  shew  a very  large 
relative  increase  ; how  then  are  we  to  account  for  so  vast  a relative 
increase  % The  question  is  a hard  one  to  answer.  There  must  surely  be  a 
considerable  increase  in  its  use  outside  the  sphere  of  legitimate  medicine ; 
and  we  may  suppose  that  the  use  of  morphine  as  a self-indidgence 
accounts  for  a good  deal.  The  proper  medicinal  uses  do,  no  doubt, 
increase  with  the  greater  demand  for  skilled  medical  assistance  which 
comes  with  greater  wealth ; yet  the  increase  seems  more  than  any 
legitimate  demand  caii  explain.  That  the  drug  is  tised  largely  as  a 
means  of  self-indulgence  cannot  be  doubted  by  any  medical  man  of 
experience. 

Now,  who  are  the  persons  who  thus  indulge  themselves  1 The 
prompt  answer  will  be — the  neurotics.  Who,  then,  are  the  neurotics? 
We  arc  all  said  to  be  neurotics  nowadays.  Quickness  and  sensibility,  acute 
perception,  and  alert  muscular  reaction  are  not  morbid  characters,  but 
qualities  of  high  breeding ; these  qualities,  however,  become  moi'bid  when 
they  are  developed  in  relative  excess  in  the  lower  ranges  of  sensibility, 
that  is,  the  higher  qualities  remaining  at  their  former  mean  the  con- 
trolling centres  can  no  longer  hold  the  lower  centres  properly  in  check. 
Now,  that  which  in  higher  centres  we  call  control,  and  in  the  lower 
inhibition,  consists  in  the  reverse  of  this — in  the  cultivation  of  the  higher 
planes  of  thought  and  sensibility,  whereby  the  activity  of  the  lower  is  not 
so  much  diminished  as  transformed.  Unfortunately,  disease  may  reduce  a 
man  to  the  level  of  those  who  had  never  known  a higher  state,  and  a 
man  of  mobile  and  sensitive  fibre  may  thus  for  a phase  become  a neurotic  : 
such  a one  may  also  become  a moi’phinist  under  the  pressure  of  pain  or 
other  distress,  but  he  is  not  to  be  spoken  of  as  constitutionally  a neurotic. 
Again,  not  a few  elderly  persons  have  been  under  our  care  for  sciatica, 
post-herpetic  and  other  neuralgias,  and  the  like,  for  whom  morphine 
injections  had  been  used  ; from  such  sufferers,  however,  this  means  must 
be  firmly  withheld,  for  it  brings  them  into  this  dilemma,  that  while  to 
break  the  habit  is  in  later  life  a harder  task,  its  eontinuance,  by  the 
cachexia  it  produces,  is  in  them  more  quickly  injurious  to  health  than  in 
younger  persons.  The  establishment  of  a morphine  habit  in  old  people 
too  often  means  an  inevitable  bondage,  and  shortened  and  fretful  days. 

Another  class  of  patients-— not  neurotic — presents  itself  to  our  con- 
sideration, namely,  of  those,  young  or  old,  who,  smitten  b}'  incurable  and 
painful  disease,  expect  no  long  span  of  life.  Do  we  rightly  encourage  in 
these  the  use  of  the  morphine  syringe  ? That  in  some  such  cases,  as  of 
aneurysm,  for  examj)le,  the  practice  inay  be  the  lesser  of  two  evil  courses, 
may  well  be  \ but  the  solace  is  purchased  at  a heavy  price.  Whether 
pain  soothed  by  less  treacherous  means  be  better,  not  only  for  the  patient’s 
friends  but  also  for  himself,  than  tearfulness,  petulance,  caprice,  and  a 
deterioration  of  character,  which  make  the  death-bed  a scene  of  ijettiness 
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and  exaction,  rather  than  an  example  of  fortitude  and  serenity,  nnist  he 
decided  in  the  individual  case.  However,  in  some  such  instances  the  use 
of  morphine  may  he  the  oidy  alternative  to  pain,  spasm,  or  agony,  other- 
wise not  to  bo  borne. 


Not  a few  persons  are  led  into  morphinism  by  pain  which  is  wearisome 
rather  than  acute.  A remarkable  instance  of  this  kind  of  temptation 
was  long  under  our  observation.  A business  man  of  middle  life,  refined 
and  intellectual  but  not  to  be  called  neurotic,  who  used  his  morphine 
syringe  with  unusual  self-restraint,  never  perhaps  beyond  the  measure  of 
half  a gi-ain  thrice  daily,  told  his  medical  advisers  that  a wearing  pain  in 
the  epigastrium  deprived  him  of  all  pleasure,  or  even  of  capacity  for  life 
in  business  or  societv.  In  order  to  discuss  an  important  matter  with  a 
customer  he  must  inject  morphine,  or  be  unable  to  give  his  attention  to 
the  matter  in  hand.  His  abdomen  was  examined  with  negative  results. 
AY  e were  tempted  to  suspect  him  of  hypochondriasis ; and,  in  spite  of  his 
economy  in  the  practice,  his  life  fell  slowly  to  a lower  plane.  He  got 
sallower,  thinner,  rather  fretfnl,  and  at  last,  as  is  often  the  case  in 
morphinists,  he  was  suddenly  overborne  by  aii  attack  of  acute  disease  of 
no  great  severity.  A necropsy  shewed  a band  of  about  an  inch  in  length 
attached  by  one  end  to  the  walls  of  the  abdomen,  and  by  the  other  to 
the  anterior  wall  of  the  stomach.  This  being  in  the  very  spot  to  which 
he  had  always  referred  the  pain,  there  was  little  doubt  that  its  cause 
was  thus  discovered.  The  band  had  probablj'^  arisen  as  a consequence  of 
an  idcer  of  ancient  date ; but  such  draggings,  whether  due  to  slips,  scars, 
or  bands,  may  be  the  cause  of  morphinism  in  persons  not  more  neurotic 
than  the  rest  of  ns.  A dragging  of  this  kind  may  be  at  least  as  hard 
to  bear  as  acute  pain,  which  usually  presents  long  periods  of  remission. 

Again,  a drag  on  the  mind  may  act  like  a drag  on  the  body.  Sheer 
ennui,  a luxurious  life  with  nothing  to  feed  the  mind  or  fortify  the 
temper,  may  lead  to  the  vice.  AVant  of  exercise,  over-eating,  incessant 
and  trivial  social  claims  and  emulations,  with  the  disappointments,  fatigue. 


or  dyspepsia  they  produce,  may  be  efficient  causes  of  morphinism.  Let 
a pa.ssing  pain  attack  such  a person,  and  therewith  perhaps  an  unusual 
call  on  the  energies,  and  to  one  thus  driven  and  embarrassed  an  immediate 
relief  suggests  itself, — just  this  once,  this  one  draught  of  brandy  or  ether, 
this  one  syringeful  of  morphine ; there  will  be  little  interest  to  pay  on 
so  small  an  advance.  These  victims  must  be  many. 

Then  comes  the  troop  of  those  “ neurotics  ” — persons  subject,  perhaps, 
by  nature  to  larger  oscillations  of  nervous  balance  than  the  normal  man 

who  scent  intoxicants  from  afar  with  a retriever-like  instinct,  and, 

curiotis  in  their  sensations,  j)lay  in  and  out  with  all  kinds  of  them  ; 
narcotics  po.s.sess  such  folk  almost  by  anticipation,  and  they  often  find 
le.s3  difficidty  in  the  first  tolerance  than  other  ])cople.  AVith  conscience 
blunted,  and  the  bit  out  of  the  moutli  so  that  energv  is  set  loose  as  it 
never  was  before,  energy  expanding  under  no  self-criticism,  energy 
joyfully  soaring  into  extravagance  with  that  benni.sed  sen.se  of  Iwilliant 
ascendency  which  aninuites  the  “ general  paralytic  in  Ids  eailiei  pli.iscs 
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— be  it  morphine,  alcohol,  chloral,  cocaine,  all  or  any  are  welcome  : the 
intoxication  with  its  hours  of  excitement  and  repose  must  Ije  had  at  any 
priee,  and  every  reform  is  followed  1)y  a relapse  into  the  use  of  the  same 
<lrug  or  of  another.  It  is  in  these  persons  that  a hereditary  craving  for 
intoxicants  is  found  ; and  with  this  tetidency  we  may  find  in  the  family 
tree  nervous  disease  or  insanity  ; yet  by  no  means  always  so.  Individuals 
of  such  families,  indeed,  may  naturally  possess  great  intellectual  powers, 
and  may  create  splendid  waking  dreams  out  of  drugs  and  wines  which 
fuddle  the  rest  of  us — though  it  must  be  admitted  that  the  records  of 
these  fantasies  rarely  bear  out  their  rejaort.  It  is  curious  to  see  how 
soon  these  persons  become  awai’e  of  their  caj^acities,  and  even  in  their 
adolescence  find  their  way  to  such  potions  as  little  ducks  to  the  water, 
under  however  dry  a hen  they  may  have  been  reared.  Gambling  seems 
to  break  out  in  some  persons  in  the  same  irrelevant  way. 

There  is  still  one  more  group  of  morjjhinists,  those  who  take  to 
morphine  on  small  excuse  because  it  lies  to  their  hand.  Of  these  Aveak 
persons  doctors  and  druggists  form  the  majority ; the  rest  are  chemists 
and  other  men  of  science  familiar  Avith  such  means,  Avho  think  in  their 
folly  that  their  technical  knowledge  aauII  give  them  the  use  Avithout  the 
abuse  of  them.  Unfortunately  these  very  persons  in  their  conceit  become 
the  most  abandoned  and,  their  opportunities  being  continual,  are  the 
least  reclaimable. 

In  respect  of  sex  there  does  not  seem  to  be  much  difference ; the 
anticipation  that  the  practice  AAmuld  be  found  more  prevalent  in  Avoman 
is  not  supported  by  facts. 

The  habit  may  be  acquired  at  any  age  after  the  escape  from  tutelage 
into  the  temptations  and  cares  of  the  Avorld.  When  the  practice  is  begun 
in  advanced  life,  pain  and  medical  or  quasi-medical  advice  ma}'^  give  the 
cause  and  the  opportunity.  The  morphine  habit  is  rarely  or  never  knoAvn 
to  be  established  under  the  Aveight  of  bereavement  or  other  such  heavy 
trial ; alcohol  or  chloral  seem  to  be  preferred  by  those  Avho  cannot  Avait 
for  the  healing  hand  of  time. 

On  the  other  hand,  morphinism  often  arises  from  some  discomfort  or 
disorder  folloAving  parturition.  The  syringe  should  never  be  used,  not 
CA'en  in  the  hands  of  the  physician  himself,  in  cases  of  uterine  disorder ; 
sloAver  but  safer  means  of  cure  are  to  be  found. 

The  total  daily  quantities  of  morphine  Avhich  may  be  used  by 
morphinists  A^ary  largely.  In  our  experience  about  fifteen  grains  seem 
often  to  have  been  the  ordinary  daily  quantity,  to  be  run  up,  if  a 
servant  give  notice,  or  other  real  or  imaginary  Avorry  occur,  to  thirty, 
or  perhaps  even  to  fort}'’  grains  in  the  tAventy-four  hours.  Other  Avriters 
speak  of  quantities  so  large  as  sixty  or  seventy-five  grains  in  tAventy- 
four  hours ; on  the  other  hand,  some  persons,  none  the  less  enslaved  but 
Avith  more  self-control,  keep  the  daily  alloAvance  doAvn  to  tAvo  or  three 
grains  : morphinists  Avho  huA'e  relapsed  after  cure  frequently  manage  to 
restrain  themselves  to  smaller  quantities,  but  too  often  by  bringing  in  the 
supjAlementary  aid  of  alcohol.  Old  persons,  Avho  in  relief  of  some 
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malady  have  fallen  into  the  halht,  seldom  receive  more  than  one  or  two 
grains  a day,  in  repeated  doses  of  a third  to  half  a grain  ; but  snch 
persons  are  iisnally  under  some  oversight  and  control.  In  making  these 
estimates,  however,  we  must  not  forget  that  the  morphinist  is  so  ready  a 
liar  that  his  assertions  cannot  be  acce])ted  without  corroboration. 

The  symptoms  of  morphinism  in  the  earlier  stages  of  the  habit 
are  rather  moral  than  phvsical.  The  stigmas  of  a morphinist  are 
plausibility  and  disorderliness  ; and  by  these  he  may  be  known.  Like 
certain  other  sinnei’s  who  shall  be  nameless,  the  morphinist  is  ablaze 
with  schemes  for  the  benefit  of  his  household,  his  parish,  his  country,  and 
the  world.  He  is  usually  a clever,  and  often  an  interesting  person, 
sometimes  even  endowed  Avith  a rather  “ damaged  ” kind  of  genius ; 
but  owing  to  the  perverseness  of  circumstances,  nothing  ever  comes  oft’. 
So  perverse  are  things,  that  if  one  did  ever  indulge  a taste  for  drugs,  the 
occasional  aid — just  for  a Aveek  or  tAvo  till  things  are  straight — should  be 
regarded  as  a A'enial  matter,  if  not  justifiable.  If  the  patient  come  to 
the  physician,  he  Avill  haA'e  had  a dose  Avithin  an  hour ; his  pupils  are 
contracted,  he  is  Amluble,  ingenious  in  promises  and  excuses,  and  A^eiy 
tiresome.  He  is  an  hour  late  for  his  appointment,  oAving  to  the  faults  of 
others  ; if  you  call  on  him,  you  are  kept  Avaiting  for  as  long  a time  as 
you  choose  to  be  detained.  If  he  can  avoid  it,  you  do  not  see  him  in  his 
ill-humours — fiuerulous,  exacting,  slanderous,  false,  as  he  is  in  his  domestic 
circle : yet  the  morphinist  is  neA’er  so  lost  as  the  alcoholist ; his  bi’ain  is 
not  fuliginous ; on  the  contrary,  for  .some  little  time,  the  length  of  Avhich 
depends  on  the  economy  of  the  drug,  it  is  brisk  enough.  AYhile  the  stage 
of  elevation  continues  he  is  capable  of  doing  a good  spell  of  Avork  in  a 
spasmodic  and  irrelevant  AA’aA’' ; therefore,  although  slovenly,  he  is  not 
chronically  dirty,  like  a drunkard,  but  is  capable  once  or  tAvice  a Aveek 
of  a good  Avashing ; and  OAving,  perhaps,  to  an  insensibility  of  the 
skin,  his  desire  for  “ fresh  air  ” is  inordinate.  A lady  of  this  kind  may 
come  to  a ball  vmry  smart  indeed,  though  she  Avill  arrive  Avhen  the  rest 
of  the  Avorld  is  departing.  Her  carriage  AA'as  probably  ordered  for  a 
drive  at  four  o’clock,  and  she  started  at  seA'en,  astonishing  some  new 
friend  bv  calling  at  an  inconveniently  late  hour;  she  dined  at  9.30,  and 
arriA-ed  at  the  ball  after  midnight.  In  the  morning  to  dress  is  impossible 
until  the  syringe  has  been  used,  and  she  is  finally  got  to  breakfast  Avhen 
the  rest  of  the  Avorld  is  at  luncheon.  In  the  midst  of  all  this  rnin  of 
time  .she  stands  complacent  as  the  one  faithful  in  a froAvard  Avorld. 
MeaiiAvhile,  no  one  can  conceive  hoAV  inconsiderately  every  one  has  acted 
to  her,  or  Avomler  that  occasionally,  Avhen  thoroughly  exhausted  by  her 
sufferings  which  are  inde.scribable  and  her  labours  Avhich  are  j)rodigious, 
she  should  use  a very  small  and  occasional  dose  of  morphine.  The  only 
truth  she  tells  is  that  at  odd  moments  she  makes  great  efforts,  cftoi-ts  too 
often,  though  by  no  means  always,  ill-directed  or  futile.  This  utter 
di.sregarrl  of  time  is  a marked  feature  of  all  u.sers  of  narcotics,  and  of 
morjftiinists  especially  ; fio  consistent  are  their  inconsistencies  of  time,  and 
place,  they  almost  succeed  in  throwing  flisorder  upon  the  revolutions  of 
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the  sun.  Dilatory  they  arc,  even  more  are  they  diligent  in  contraries — 
o/ittAios  dvio/jiaXoi — turning  night  into  day  with  a topsy-turviness  worthy 
of  Lewis  Carroll. 

The  falseness  of  a morphinist  cannot  be  glossed  over  as  oblivion  ; 
though  in  part  it  maybe  that  “Bemused  in  wine  the  bard  his  duns 
forgets,  And  drinks  serene  oI)livion  to  his  debts.”  The  finer  lines  or,  for 
tliat  matter,  the  graver  lines  of  ethical  conduct  become  so  blurred  that 
the  victims  cease  to  regard  them  ; thus  their  mouths  are  filled  with  false- 
hoods ; and  if  confronted  with  proofs  of  falseness  the  morphinist  flippantly 
ignores  them,  or  says  he  is  driven  to  prevarication  by  the  nagging  or 
bullying  of  his  friends.  It  is  idle,  of  course,  to  argue  with  a patient 
with  whom  we  have  no  common  standard  of  veracity  ; and  to  economise 
his  siiis  it  is  better  in  all  such  cases  never  to  ask  a question  of  a 
morphinist  which  requires  a serious  answer ; or  at  any  rate  never  to  give 
any  weight  to  the  answer. 

Thus  far,  then,  the  symptoms  of  morphinism  are  concerned  rather  with 
morals  and  conduct  than  with  bodily  disease.  But  if  the  habit  be  con- 
tinued and  the  doses  increased,  as  will  be  assuredly  the  case  and  that 
quickly,  symptoms  of  bodily  disease  will  appear ; say  in  six  or  eight 
months  at  farthest.  The  flesh  begins  to  fall ; the  face  loses  colour  and 
takes  on  a sallow,  lustreless  hue  and  an  aged  expression ; the  teeth  are 
loosened,  and  gradually  even  a young  person  becomes  wizened,  emaciated, 
and  haggard.  To  this  rule  there  are  some  exceptions ; a few  patients 
keep  their  flesh,  or  even  grow  fat  and  puffy  ; such  persons  are  good 
feeders,  take  wine  freely,  and  ]>robably  escape  the  catarrh  of  the  stomach 
which  attacks  the  greater  number  of  their  fellows.  Constipation  is 
always  present,  often  in  most  obstinate  degrees;  the  mouth  is  parched, 
and  other  secretions  as  a rule  are  arrested  ; though  some  morphinists 
sweat  profusely.  Still,  for  many  years  life  goes  on,  and  the  constitution 
does  not  lireak  up : morphinists  do  not,  however,  live  to  full  age ; and, 
if  the  habit  be  contracted  in  old  age,  the  patient  fades  away  in  no  long 
time.  In  younger  sulqects  the  social  affections  grow  cold ; waywardness 
and  caprice  deepen  into  selfishness  and  physical  and  moral  degradation ; 
the  fitbil  charms  of  character  or  the  powers  of  mind,  if  any  such 
there  were,  are  blotted  and  spent ; memory  especially  fails ; amenorrhma 
and  sterility  overtake  the  woman,  and  impotence  the  man ; irregular 
febrile  attacks  appear ; albumin  may  be  found  in  the  urine ; even  sleep 
is  heavy,  or  is  exhausting  and  disturbed  by  hallucinations ; absce.sses 
arise  at  the  punctures  of  the  unclean  needle,  and  heal  badly ; the  mouth 
is  dry ; the  teeth  decay ; gastric  catarrh  increases,  with  symptoms  of 
nausea,  retching  and  flatulence,  and  of  an  epigastric  or  substernal  pain 
which  is  rather  too  characteristic  of  morphinism  to  be  put  down  merely 
to  the  catarrh  ; the  thread  of  life  grows  frailer ; all  capacity  even  for 
fitful  work  disappears ; the  intercurrent  miseries  of  the  habit  are 
intensified,  the  moments  of  excitement  briefer  and  less  effectual,  until 

’ Hitzig  says  that  iu  morphinism  liydroclilorio  acid  fails  in  the  ga-stric  jnice.  and  that 
the  cravings  are  due  to  retuniing  acidity. 
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the  patient  curses  the  clay  he  was  born  : in  later  middle  life  at  farthest 
he  dies,  usuall\’^  cut  off  quickly  by  some  chance  malady. 

Pathological  Anatomy. — Autopsy  is  rare  in  cases  of  uncomplicated 
morphinism.  The  onh’  important  point  herein  is  the  state  of  the  heart 
Schweninger  and  othei-s  allege  that  fatty  degeneration  of  the  heart  is  to 
be  found  in  these  cases  after  death.  On  clinical  grounds  wo  have  seen 
no  reason  to  suspect  its  presence,  either  in  the  course  of  the  malad)'  or 
in  a prevalent  mode  of  death.  xVnd  the  testimony  of  the  best  authors 
seems  opposed  to  the  belief  that  fatty  heart  is  a direct  consequence  of 
morphinism.  Wittkowsky’s  papers  are  helpful  in  this  aspect  of  the 
matter.  It  has  never  yet  been  shewn  experimentally  that  morphine  has 
any  direct  action  on  the  heart.  The  observations  of  Binz  on  the  fall  of 
blood -pressure  in  acute  poisoning  of  animals  by  morjDhine  have  little 
bearing  on  chronic  poisoning. 

Diagnosis. — Chronic  poisoning  by  chloral  or  the  bromides  may  be 
difficidt  to  distinguish  from  moiphinism  ; but  the  diagnosis  would  rarel}' 
be  of  urgent  importance.  In  poisoning  by  bromides  these  bodies  may 
be  found  in  the  urine  and  often  in  the  saliva ; in  chloral  narcosis  the 
chloral  may  be  detected  in  the  mine  either  alone  or  in  combination  with 
glycuronic  acid  as  urochloralic  acid.  A difficult}’  may  arise  in  a case  of 
delirium  in  a patient  previously  unknown  to  the  physician.  Morphine 
delirium  may  resemble  delirium  tremens  or  mania.  Scars  on  the  skin 
should  be  looked  for.  The  tremors  in  morphine  delirium  increase  with 
the  delirium,  in  alcoholic  delirium  they  decrease.  Morphine  delirium 
may  occur  as  well  in  women  as  in  men ; and  women  may  present 
hysterical  features,  such  as  contractures,  screams,  or  catalepsy.  Albumin 
may  be  found  in  the  urine  in  either  delirium,  but  more  frequently  in 
the  alcoholic  form.  The  hallucinations  in  morphine  delirium  are  less 
revolting,  and  its  duration  is  rarely  more  than  thirty-six  hours.  Finally, 
in  this  malady  a morphine  injection  will  probably  give  prompt  relief 
The  history  and  character  of  the  attack  generally  suffice  to  distinguish  it 
from  mania. 

The  diagnosis  of  a secret  morphine  habit  is  very  difficult.  Periods 
of  excitement  associated  with  contracted  pupils  will  usually  lead  to  a 
correct  conclusion ; and  the  patient  is  pretty  sure  not  to  face  the  doctor 
without  a dose.  An  excuse  may  be  made  to  examine  the  arms,  when 
scars  may  be  found.  Still  this  opportunity  may  fail  and  diagnosis  be 
impossible  without  seclu-sion.  Seclusion  for  twenty- four  or  thirty-six 
hours  will  certainly  betray  the  craving. 

Dr.  Mattison  has  reported  more  than  one  case  in  which  this  habit 
was  practi.sed  by  a wife  for  years  without  the  knowledge  of  the  husband. 
That  such  in.stances  can  be  cited  is  of  medico-legal  importance. 

Prognosis. — If  the  habit  be  broken  off’,  the  constitution,  even  in 
.severe  cases,  will  appear  to  have  undergone  no  ])rofonnd  deterioration  : 
and  the  ywtient  may  regain  all  or  much  of  his  former  health.  The  fore- 
CJist  in  extreme  cases  must  be  estimated  in  accordance  vvith  the  .special 
characters  of  each.  Authentic  cases  arc  on  record  f>f  moiphinists  oi 
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opium-eaters,  abandoned  to  the  habit  for  twenty  and  even  for  thirty 
years,  being  cured  completely  by  these  methods,  both  in  mind  and  body. 

We  have  not  found  insanity  to  be  a consequence  of  morphinism,  save 
in  persons  in  whom  insanity  was  already  potentially  present.  In  jDersons 
with  such  a proclivity  an  access  of  insanity  may  be  hastened  by  any 
i-educing  cause.  Occasionally,  however,  insanity  follows  the  use  of 
mor[)hine  more  directly,  and  if  so,  it  usually  takes  the  form  of  mania 
of  persecution ; the  backbiting  of  friends,  which  is  a common  symptom 
in  ordinary  cases,  becomes  more  extravagant  and  persistent.  Except 
on  withdrawal  of  the  drug  we  have  not  seen  the  excitement  or  violence 
to  which  the  name  morphinomania  would  be  properly  applied. 

In  one  or  two  cases  of  morphinism  which  have  come  under  our  notice 
the  patient  has  died  suddenly  and  unexpectedly ; the  presumption  is  no 
doubt  that  such  deaths  are  due  to  heart  failure.  Relapses  after  apparent 
cure  occur  in  about  70  per  cent  of  all  cases. 

Treatment. — There  is  one  means  of  dealing  with  morphinism,  and 
one  only : namely,  seclusion  in  a special  retreat,  and  submission  to  the 
discipline  therein  provided  for  such  cases.  Cures  have  occasionally  been 
effected  by  home  treatment ; but  the  enormous  difficulties  of  curing  the 
habit,  if  once  it  have  hold  of  its  victim,  need  no  emphasis.  A wife  can 
have  no  eontrol  over  her  husband,  nor  contend  against  a stronger  will 
clad  in  the  armour  of  deceit ; a husband  has  not  the  fortitude  to  turn  a 
deaf  ear  to  the  terrible  cravings  and  perhaps  recrudescent  neuralgias  of 
his  wife.  No  nurse,  no  medical  man  can  keep  up  authority  or  carry  out 
plans  in  such  cases,  without  being  overborne  or  deceived.  A physician 
of  mature  age  and  experience  cannot  attend  upon  such  patients  without 
intermission;  a young  resident  physician  soon  becomes  powerless.  Their 
wiliness  is  marvellous,  and,  under  the  most  frank  seeming,  deception  is 
surely  at  work  : the  physician  may  be  certain  that  a tractable  sidiject  is 
getting  the  drug  on  the  sly.  We  have  stated  that  after  hyjjodermic 
injections  nearly  70  per  cent  of  the  morphine  is  excreted  in  the  fieces, 
but  this  large  amount  holds  good  only  for  acute  poisoning ; in  chronic 
poisoning  it  is  very  much  reduced,  and  if  the  system  is  very  tolei'ant  it 
may  be  almost  absent,  the  tissues  appearing  to  oxidise  the  di-iig  in  much 
the  same  way  as  they  oxidise  fat.  Very  little  morphine  is  at  any  time 
excreted  by  the  kidneys.  It  is  therefore  evident  that  we  cannot  I’ely  on 
the  detection  of  morphine  in  the  urine  to  tell  us  of  the  secret  habits  of 
our  patients. 

The  jdiysician  is  doing  no  kindness  to  the  patient  or  his  family  if  he 
trifle  with  the  duty  of  insisting  upon  prompt  seclusion.  The  patient 
himself  will  probably  protest  loudly  ; he  dreads  the  horrors  of  the  with- 
drawal, especially  if  he  has  been  “ cured  ” before  ; in  spite  of  his  better 
judgment  he  clings  to  his  indulgence,  and  he  harbours  dreams  of  curing 
himself  on  the  eoming  of  that  golden  time  when  the  trials  of  his  world 
shall  cease.  Moreover,  many  such  jiatients  honestly  think  that  the  shock 
of  withdrawal  would  be  more  than  in  their  weakly  state  they  are  able 
to  bear.  To  all  these  pleadings  the  judicious  physician  will  lend  no  ear ; 
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he  cannot,  nor  can  any  friend  compel  the  patient  to  go  into  seclusion  ; 
but  there  are  many  material  arguments  which  can  he  l)ronght  to  bear 
upon  a weakened  will,  not  without  success : moreover,  the  patient  in 
nearly  all  cases  is  secretly  desirous  of  escaping  from  his  bondage — if  it 
can  be  done  without  too  terrible  a wrench.  If  there  be  any  local  disease, 
such  as  uterine  disease,  renal  or  biliary  calcidus,  as  a source  of  pain,  the 
utmost  that  can  be  done  to  relieve  the  condition  must  be  done  before  the 
ctire  of  the  morphine  habit  is  taken  in  hand  ; or  the  cure  may  fail  under 
the  pressure  of  recurrent  pain.  It  is  desirable  to  warn  the  friends  of  the 
sufferer  beforehand  that  the  period  of  detention,  or  at  any  rate  of  removal 
from  home,  may  be  as  long  as  twelve  months ; but  the  time  of  probation 
can  be  better  discussed  when  the  means  of  cure  and  the  tendencies  to 
relapse  have  been  considered.  The  first  part  of  the  cure  is,  of  course, 
the  ■withdrawal  of  the  drug ; and  it  is  convenient,  therefore,  now  to 
describe  the 

Symptoms  of  JFithdimvuI. — In  order  to  understand  the  cravings  of 
the  morphinist  after  the  morphine  has  been  withdrawn,  it  is  necessary 
to  appreciate  the  manner  in  which  the  drug  satiates  this  appetite. 
Morphine,  as  we  have  already  pointed  out,  has  a specific  action 
on  sensory  nerve-cells ; the  exuberance  of  imagination,  the  Avandering 
mind,  and  the  rapid  flow  of  ideas  represent  the  general  exhilaration  of 
intoxication  caused  not  by  direct  stimulation  of  the  brain  but  by  loss  of 
guidance  of  the  trains  of  thought  by  the  controlling  centres.  That 
the  higher  centres  are  certainly  not  stimulated  at  any  period  may  be 
tested  by  the  performance  of  elementary  mental  efforts  such  as  choice- 
reactions  or  adding  up  rows  of  figures,  the  time  of  which  is  always 
increased.  Later  in  the  intoxication  the  afferent  impulses  to  the  loAver 
centres  of  the  brain  in  their  turn  are  blocked ; the  patient  becomes 
sleep}’’  and  the  reflexes  disappear.  When  the  action  of  the  morphine 
wears  off  the  contrary  conditions  obtain,  the  sensory  nerve-cells  after 
their  prolonged  rest  are  hypersensitive  in  much  the  same  AA'ay  as  Avhen 
on  awakening  from  a sound  sleep  our  eyes  are  at  first  hypersensitive  to 
light.  Moreover,  it  can  be  definitely  proA^ed  in  the  loAA'er  anim.als  that 
morphine  and  its  allies  in  the  second  stage  of  their  action,  that  is,  Avlien 
the  depression  is  beginning  to  Avear  off,  produce  an  effect  on  the  sensory 
nerve-cells  precisely  analogous  to  that  of  strychnine,  but  Avith  this 
difference,  that  Avhereas  the  action  of  strychnine  is  mainly  upon  the 
sen.sory  cells  of  the  cord,  that  of  morphine  is  mainly  cerebral ; neverthe- 
le.ss  sufficiently  large  doses  of  morphine  may  give  rise  to  characteristic 
sti'A’chnine-like  con\'uIsions  (M  . E.  I).).  Me  conclude  then  that  dining 
alistinence  the  sen.sory  cells  of  the  morphinist  arc  hypersensitive ; and, 
further,  as  it  is  the  highest  or  psychical  centres  Avhich  are  mainly 
affecterl  these  Avill  be  principally  concerned  in  exaggerated  function. 
Thu.s,  an  ordinary  sensation  when  converted  into  a jicrccption  is 
exaggerated  out  of  all  j.roportion  to  its  importance,  and  the  patient 
for  The  time  being  is  the  victim  of  these  excessive  stimuli.  llis 

rcHexes  are  therefore  exaggerated,  but  especially  are  the  higher  or 
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psychical  reflexes  increased  •,  and,  as  all  consciousness  is  awakened  by 
perceptions  arising  peripherally  as  simple  sensations,  so  all  cerebral 
activity  must  be  increased.  This  hyperexcitability  affects  the  medulla, 
and  so  induces  vaso-constriction  with  a rise  in  blood-pressure,  and  an 
augmentation  of  respiration.  Just  as  the  nervous  man  has  a high  blood- 
pressure  and  the  casual  or  the  happy-go-lucky  a low  blood-pressure,  so 
M'e  find  that  during  abstinence  from  morphine  the  morphinist  has  a 
much  higher  pressure  than  when  satiated  with  the  drug. 

The  chief  and  most  grievous  symptom  is  the  dangerous  collapse 
which  may  follow  withdrawal,  and  if  the  withdrawal  be  sudden  it  may 
reach  an  alarming  and  even  a fatal  degree.  If  the  drug  be  wholly 
withdrawn  at  the  beginning,  an  anxious  restlessness  with  irresi.stible 
yawnings  marks  the  approaeh  of  the  time  of  craving ; the  patient  begins 
to  pace  the  room  in  a state  of  tremulous  exeiteraent,  whieh  beeomes  an 
agony ; he  springs  sleepless  from  bed,  ho  is  shaken  b}^  rigors,  sweat 
stands  upon  his  skin,  and  saliva  runs  from  his  mouth.  Feverless  chills 
and  creepiness,  or  sharp  accesses  of  jJJ'rexia  often  simulating  ague, 
sneezing  fits,  deathly  pallor,  sinking,  nausea,  and  hiccup  arc  attended 
or  followed  by  vomiting  and  diarrhoea.;^  the  pupils  widen,  and  are 
sluggish  in  their  accommodation  ; speech  and  even  gait  are  as  if  palsied ; 
hallucinations  of  vision,  of  hearing,  and  eveii  of  smell,  take  possession 
of  the  mind,  and  pass  into  a delirium  often  so  violent  that  the  cautious 
attendant  Avill  take  care  that  razors  and  garters  have  been  removed, 
and  the  windows  secured  : it  is  at  this  stage  that  collapse  may  set  in. 
It  is  hardly  necessary  to  point  out  that  collapse  may  arise  from  any 
peripheral  stimulation  provided  it  be  sufficiently  severe.  A small  burn, 
for  example,  may  do  no  more  than  raise  the  blood-pressure  and  stimulate 
respiration  reflexly,  but  a very  severe  burn  has  just  the  opposite  effects; 
it  inhibits  cerebral  activity  so  that  re.spiration  becomes  extremelj^  shallow 
and  the  blood-vessels  dilate.  Hence  all  the  blood  collects  in  the 
abdomen,  and  although  the  heart  may  continue  to  beat  well,  it  beats 
ineffectually,  for  most  of  the  blood  is  lying  in  the  enormously  dilated 
splanchnic  vessels.  Collapse  may  come  on  unexpectedly  even  if 
diarrhoea  has  ceased ; the  patient  becomes  faint,  the  face  pinched, 
and  the  voice  hollow ; the  limbs  may  twitch  ; the  pulse  ceases  at  the 
wrist,  and  the  signs  of  consciousness  fail.  This  threatening  condition 
may  last  even  for  an  hour,  or  may  be  repeated  again  and  again  within 
the  day.  If  the  ordinary  cordials  fail  to  put  off  the  danger  the  injection 
of  a small  quantity  of  morphine  never  fails  to  do  so.  Clearl}’^  the 
collapse  is  no  mere  consequence  of  the  vomiting  and  diarrhoea. 

As  the  sudden  withdrawal  of  morphine  is  no  longer  practised  this 
collapse  may  pass  out  of  observation.  Levinstein  in  Germany,  and 
Fi’ofessor  Allbutt  in  England,  formerly  advocated  sudden  and  complete 
withdrawal,  partly  because  it  appeared  more  cruel  to  protract  the  misery, 
as  it  is  more  cruel  to  pull  out  a tooth  slowly  ; but  chiefly  because,  in  the 
absence  of  homes  for  isolation,  it  was  important  to  get  over  the  crisis 
before  friends  or  i)atient  should  have  time  to  interfere  or  repent.  For 
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the  arrest  of  the  habit  once  made  the  chain  for  the  Avhile  is  broken,  and 
the  danger  of  relapse  is  not  so  immediate  as  in  the  case  of  alcohol, 
ithdmwal  once  etfected,  temporary  recovery  at  any  rate  is  assured. 

But  if  the  patient  can  be  consigned  to  a home  where  there  is  no 
danger  of  interference  'vith  the  regular  progress  of  treatment,  a more 
gradual  although  still  expeditious  method  is  preferable.  A sudden  with- 
drawal is  not  only  more  dangerous  to  the  patient  than  a method  wliich, 
though  rapid  enough  to  end  the  trial  quickly,  is  not  sudden;  but  also 
convalescence  may  be  made  more  tedious  by  the  heavier  stress  of  the 
sudden  method  on  the  sufferer ; and  some  symptom,  .such  especially  as 
diarrhoea,  may  persist,  and  prevent  complete  recovery.  The  advocates  of 
the  rapid  (not  sudden)  methods  allege,  moreover,  that  collapse  never 
occurs  except  on  sudden  withdrawal.  If  this  be  so,  it  is  needless  to 
say  that  sudden  withdrawal,  save  in  mild  cases,  should  be  abandoned. 
Assuming,  then,  that  we  are  not  obliged  to  snatch  our  o ictory,  and  that 
the  patient  is  seciu-e  in  a kindly  home,  we  should  prefer  the  modified  but 
still  rapid  method  as  practised  by  Dr.  Mattison  and  other  experienced 
physicians  of  these  institutions. 

If  the  habitual  quantity  be  small — by  which  we  mean  not  more  than 
three  or  four  grains  a day- — the  withdrawal  in  men  may  be  sudden,  and  the 
matter  thus  settled  off-hand.  In  women  or  shattered  men  a little  more 
caution  is  necessary.  Again,  if  the  quantities  be  more  than  five  grains  a 
day’,  but  the  patient  on  the  hither  side  of  cachexia  and  emaciation,  some 
briskness  of  reforming  zeal  may  be  justified,  and  the  enemy  expelled  with- 
out much  parleying.  But  iu  the  case  of  those  who  have  abandoned  them- 
selves to  large  doses,  and  are  often  cachectic,  and  brought  low  in  nutrition 
and  strength,  the  physician,  after  learning,  so  far  as  may  be  possible,  the 
habitmil  doses  and  the  customary  hours  of  indulgence,  may  administer 
during  the  first  twenty-four  hours  one-half  to  three-quarters  of  the  usual 
quantity.  Halving  tliis  again  and  again,  in  five  to  ten  day’s  the  doses 
may  reach  the  vanishing  point.  Although  in  some  measure  the  usual 
hours  of  indulgence  are  to  be  observed,  especially’  the  last  dose  at  night, 
vet  the  number  of  injections  should  be  reduced  as  well  as  the  total 
quantity  of  the  drug.  There  is  always  considerable  difficulty’  in  with- 
drawing the  last  two  or  three  grains.  The  patient  who  may  have 
submitted  patiently  to  the  earlier  treatment  now  feels  his  loss  more 
acutely,  and  it  is  at  this  stage  that  relapses  are  most  to  be  feared.  Some 
physicians  prefer  to  substitute  opium  for  morphine,  and  while  so  placjiting 
the  patient  reduce  the  number  of  morphine  injections,  sometimes  indeed 
replacing  these  by’  injections  of  other  narcotics.  Thus,  Dr.  Burkart 
mkes  several  weeks  to  reduce  the  moiqihine  and  afterwards  substitutes 
o|>ium  for  it.  Dr.  .lennings  diminishes  the  injections  as  far  as  pos.siblo 
without  undulv  incorivcniencing  the  patient  and  then,  vhilst  luithQi 
reducing  them,”  substitutes  for  them  injections  of  opium  by  the  rectum. 

It  i.s  needless  to  say  that  almost  everything  now  depends  u|)on  the  tact 
and  integrity  of  the  attendants,  to  whom  enormous  bribes  may  be  offered. 
Nor  nm.st  they  fail  in  astuteness,  for  a morphinist  is  an  astute  i)er.son, 


q6o 


SYSTEM  OF  MEDICINE 


and  often  has  morphinistic  or  other  perverted  allies  outside  the  house. 
The  patient  on  admission  must  have  a bath,  in  order  that  all  his  clothes 
and  person  may  be  searched  ; he  must  be  taken  from  the  bath  into  a warm 
room,  in  which  are  none  of  his  own  effects ; slippers,  letters,  books,  and 
the  like  must  be  minutely  examined,  or  not  admitted.  Allegations  of 
sleeplessness  must  be  accurately  tested  by  the  nurse’s  record. 

By  this  modified  method  the  accidents  of  collapse  or  violent  diarrhcea 
are  avoided  on  the  one  hand,  and  on  the  other  we  do  not  drag  out  the 
patient’s  sutferings  unduly.  Dr.  .Mattison  in  Brooklyn,  while  withdrawing 
the  morphine  as  quickly  as  the  individual  state  may  justify,  gives  30 
grains  of  sodium  bromide  on  the  first  day  to  ease  off  the  suffering,  and, 
adding  7^  grains  daily,  reaches  80  or  90  grains  a day  as  the  morphine 
comes  to  an  end.  He  then  gives  30  grains  of  trional  every  night  for  a 
week ; reduces  this  in  the  week  following  to  half  the  dose,  and  ends  the 
case  with  a little  chloral  hydrate  or  paraldehyde ; and  indeed  any  of  the 
ordinary  indifferent  hypnotics  will  no  doubt  be  useful,  for  by  depressing 
the  cerebral  centres  which  are  in  a state  of  hyperactivity  they  will  allay 
the  patient’s  distress.  Narcotics  should,  however,  be  used  cautiously, 
and  the  harmful  tendency  of  many  of  them  must  not  be  forgotten. 
Chloral,  for  example,  is  a powerful  cardiac  depressant,  and  sulphonal 
when  continuously  administered  is  a dangerous  drug  and  liable  to 
produce  suddenly  coma  and  hmmatoporphyrinuria.  Codeine  and  the 
synthetic  morphine  compounds,  ethyl-morphine  (dionin),  benzyl-morphine 
(peronin),  diacetyl-morphine  (heroin),  may  be  substituted  for  morphine ; 
and,  as  they  act  on  sensoiy  nerve-cells  in  a very  similar  manner  to 
morphine,  they  will  remove  the  craving  for  the  latter  drug:  but  this 
is  not  treatment ; we  are  only  substituting,  so  to  speak,  one  type  of 
morphinism  for  another. 

Many  other  drugs  are  recommended  by  this  physician  or  by  that,  as 
surrogates  for  morphine  after  the  reduction  or  removal  of  the  drug — such 
as  cliloralamide,  trional,  monobromide  of  camphor,  and  so  forth.  Hyoscine 
is  an  alkaloid  which  has  lately  come  much  into  use ; treatment  of 
morphinism  by  this  drug  was  originated  by  Lott,  and  consists  in  keeping 
the  patient  under  its  influence  for  two  or  more  days  tluring  which  time 
the  morphine  is  withdrawn.  It  need  hardly  be  said  that  hyoscine  has  no 
specific  action  on  the  morphine  craving,  and  such  effect  as  it  has  is  caused 
by  depression  of  the  cerebral  hemispheres,  and  especially  of  the  motor 
area.  Like  all  other  “ systems  of  cure  ” for  moi'phinism  it  has  its 
partisans  and  opponents.  Rosenljerger  reports  a case  of  a patient  who 
took  60  grains  of  morphine  per  diem  and  was  cured  by  hyoscine ; 
Mattison  and  Crowthers  regard  the  treatment  as  both  useless  and 
dangerous.  Birgc  relies  primarily  upon  injections  of  mandragorine  (an 
filkaloid  having  an  action  similar  to  that  of  atropine)  and  pilocarpine, 
the  one  to  remove  the  craving,  the  other  to  aid  in  the  excretion  of 
the  morphine ; the  patient  is  kept  under  the  influence  of  these  two  drugs 
for  about  7 2 hours,  during  which  time  no  morphine  is  administered. 
This  treatment  is  clearly  based  on  a misconception  of  the  situation.  The 
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craving,  as  already  mentioned,  is  caused  b}’  hyperexcitability  of  the 
cerebrnm.  and  for  this  there  can  be  no  specific  treatment  except  in  so  far 
as  depression  of  cerebral  cells  may  be  regarded  as  such  ; moreover,  it  is 
ditticult  to  see  how  the  pilocarpine  can  be  of  value  by  aiding  the  excretion 
of  the  alkaloid,  because  we  know  that  in  the  case  of  the  habitu6  the 
morphine  is  not  excreted  but  is  destroyed  in  the  body.  Hoffmann 
recommends  camphor  as  a specific ; he  says  it  antagonises  morphine  bj’ 
producing  vaso-constriction  and  a rise  of  blood-pressure : it  is  hardly 
necessary  to  point  out  that  camphor  has  no  such  action. 

Dr.  Jennings  adopts  tbe  slow  plan  of  treatment  with  the  substitution 
at  a certain  point  of  rectal  injections  for  hypodermic.  He  uses  also 
“ cardiac  tonics  ” to  combat  depression  of  the  heart,  alkalis  for  the 
hyperacidity,  and  Turkish  or  hot-air  baths.  For  our  part  we  Avould  not 
place  undue  reliance  on  any  of  these  measures.  It  has  never  been 
shewn  that  morphine  has  a direct  action  on  the  heart,  and  certainly 
the  sphygmographic  tracings  produced  by  Dr.  Jennings  do  not  sheAv 
it ; all  they  shew  is  a high  blood-pressure,  which,  as  we  know,  can  be 
lowered  by  nitrites,  morphine,  or  sparteine.  Furthermore,  sparteine 
is  not  a cardiac  tonic  as  he  suggests ; it  acts  by  depressing  certain 
nerve- cells  in  the  body,  and  any  effect  it  may  have  on  the  heart 
is  towards  depression,  that  is  a diminution  of  cardiac  output  per 
minute.  Dr.  Jennings  and,  later,  Erlenmeyer  have  employed  sodium 
carbonate  for  the  gastric  symptoms  which  may  be  so  distressing 
during  the  treatment ; symptoms  Avhich  they  attribute  to  hyper- 
secretion of  acid  into  the  stomach.  We  find  cafteine  most  useful  in 
combating  syncope  or  collapse.  For  the  same  purpose  copious  hot-water 
enemas  (10.5°  F.)  are  useful  and  seem  to  soothe  the  diarrhoea.  If  the 
stomach  be  so  disturbed  that  absorption  is  likely  to  be  sIoav,  then  no 
doubt  it  is  better  to  inject  the  cafteine.  It  is  well  also  to  throw  hot 
strong  coffee  into  the  rectum.  The  bromides,  in  our  experience,  are 
chiefly  useful  at  the  periods  of  excitement ; but  it  must  be  remembered 
that  Ave  are  but  substituting  one  sensory  depressant  for  another,  though 
Avith  this  difference,  that  Avhereas  morjAhine  acts  upon  the  sensory  cells  in 
an  evolutionary  order,  the  bromides  obey  no  such  laAv,  but  act  upon  the 
higher  centres,  the  motor  area,  and  the  medulla  at  one  and  the  same  time. 
Graduate  the  descent  of  the  doses  of  morphine  to  the  A%anishing  point, 
and  make  the  transition  in  the  individual  case  as  rapidly  as  the  con- 
stitutional shite  and  the  grain  of  the  habit  will  permit ; but  bcAAmre  of 
teaching  the  patient  the  use  of  a new  narcotic.  Cocaine,  Avhich  has  been 
recommended  a.s  a temporary  substitute,  is  a most  inischieA  ous  agent,  and 
is  carefully  avoided  by  all  physicians  Avho  have  experience  in  these  con- 
ditions [see  “Cocaine  Poi.soning,”  p.  9G8]. 

Whatever  the  value  of  auxiliary  drugs,  the  importance  of  nourishment 
is  much  greater.  itln^ut  the  utmost  care  and  urgency  in  feeding,  the 
most  promising  ca.ses  may  do  ill.  The  dietary  must  bo  of  the  niost 
generous  kind,'’  as  the  stress  lies  heavily  uiion  the  pined  body.  The 
c'astric  catarrh,  jierhaps  always  present  in  a greater  or  loss  degree,  is 
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a serious  interference  witli  tin’s  purpose.  When  the  nausea  and  vomiting 
are  troublesome,  cold  meat-jellies,  iced  coff’ee  with  or  without  cream,  iced 
champagne,  and  the  like,  must  be  tried  by  the  mouth,  and  sup|)lemented 
by  nutritive  enemas.  As  the  stomach  becomes  more  capable  of  -work, 
turtle  and  other  strong  soups,  and  like  generous  and  restorative  foods, 
must  be  pressed  upon  the  jDatient;  and  gentle  massage  used  to  ])romote 
absorption  and  blood-formation  [see  art.  on  “ Massage,”  Vol.  I.p.  433].  The 
alcoholic  remedies  must  be  used  sparingly,  and  omitted  as  soon  as  possible. 
As  convalescence  advances  the  nutrition  veiy  rapidly  improves ; massage 
may  be  more  freely  used,  tonie  douches  cai’efully  administered,  and  drives 
in  the  fresh  air  provided,  which  are  better  than  bodily  exercise  ; the 
massage  produces  as  much  muscular  movement  as  the  patient  can  bear 
without  fatigue.  It  is  said  that  cases  of  “ hysterical  neurosis,”  combined 
with  morphinism,  are  often  cured  in  this  process  of  withdrawal  Avhich, 
indeed,  in  the  latter  parts  of  it,  differs  little  from  the  method  of  Dr.  Weir 
Mitchell.  It  is  stated  by  several  authors  that  on  withdrawal  of  the 
morphine  the  sexual  appetite,  long  in  abeyance,  may  return  vividly 
and  even  uncontrollably.  It  is  therefore  of  the  utmost  importance  that 
women  should  be  attended  by  mature  nurses  of  their  own  sex,  and  men 
by  male  attendants  only. 

It  has  been  but  too  often  our  mi.sfortune  to  see  the  pains  which  led 
to  the  morphine  habit  return  with  the  suppression  of  it ; a most  dis- 
heartening event.  In  one  of  these  cases  the  patient  was  an  old  gentleman 
of  seventy  years  of  age ; the  other  a lady  not  in  a retreat,  and  not 
submitted  to  special  feeding  and  massage.  She  remained  emaciated, 
and,  as  her  sufferings  were  renewed,  her  friends  had  to  acquiesce  in  her 
return  to  morphine  as  the  lesser  evil  of  the  two.  Tlie  patient  was  not 
under  full  control,  and  the  case  occurred  before  Dr.  Mitchell’s  method 
had  attained  its  present  beneficent  vogue.  During  the  last  twenty  years  Ave 
have  all  become  more  alive  to  the  truth  that  in  thin  neurotics,  whether 
submitted  to  formal  seclusion  and  massage  or  not,  the  fii’st  duty  of  the 
physician  is  to  press  nutritious  food  upon  the  fastidious  patient  until 
a substantial  addition  to  the  bodily  weight  is  regained.  MTth  our  riper 
experience  we  may  now  be  assured  that,  if  restorative  treatment  I)e  persist- 
ently carried  out,  these  recrudescent  pains  will  gradually  disappear  again. 

After-treatment  and  Relapses. — \Ve  have  spoken  of  seclusion,  or  at 
any  rate  of  absence  from  home,  so  long  as  a year  or  a year  and  a half. 
How  can  this  be  necessary  when  the  withdrawal  is  completed  even  in  a 
Aveek  or  two,  and  the  craving  summarily  overcome  % In  dealing  Avith  this 
part  of  the  subject  Ave  have  to  speak  first  of  the  disposition  to  relapse  ; for 
it  is  upon  this  dispo.sition  that  the  insecurity  of  the  results  obtained  by 
the  above  methods  depends.  On  the  Avhole,  our  oavu  cases  have  sheAvn  no 
inevitable  tendency  to  relapse.  Setting  aside  half-Avitted  and  semi-insane 
morphinists,  and  a feAv  cases,  treated  in  the  past  Avith  less  determination, 
in  Avhich  returns  of  pain  forced  the  sufferers  again  to  summon  the 
treacherous  familiar  to  their  service,  the  good  results  of  the  cases  Aveaned 
under  our  observation,  or  Avithin  oui'  knoAvledge,  have  been  almost  alAA^ays 
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permanent.  In  this  respect  our  personal  experience  of  moiphinisin  has 
been  far  more  satisfactory  than  of  alcoholism  ; and  we  have  too  often 
seen  a reclaimed  morphinist  become  more  or  less  of  a tip|)ler.  Still  tve 
are  bound  to  admit  that  published  statistics  do  not  bear  out  the  perma- 
nence of  the  cures.  In  Germany  the  results  seem  to  be  less  permanent 
thati  in  England.  Of  Si*  patients  recorded  b}'^  Levinstein,  61  fell  back; 
28  were  women,  of  whom  only  10  fell  back — which  speaks  well  for  that 
sex ; of  32  doctors,  26  fell  back,  an  awful  revelation  of  our  frailty  ! 
Oppenheim  also  refers  to  the  large  proportion  of  backsliding  doctors — 
male  or  female;  in  his  figures  93  relapsed  out  of  250.  Of  100  males  in 
his  series  42  were  doctors;  next  to  these  came  apothecaries,  chemists, 
druggists,  and  others  who  by  their  calling  are  familiar  with  drugs,  and 
in  possession  of  them,  and  of  the  means  of  their  use.  In  a paper  read  at 
the  meeting  of  the  American  Medical  Association  at  San  Francisco 
in  1894,  Dr.  Mattison  reported  that  of  300  patients  118  were  medical 
men;  and,  in  another  set  of  figures,  62  out  of  125  were  of  our 
profession.  AVe  must  admit,  then,  that  of  the  backsliders  our  own 
profession  furnishes  a large  proportion.  So  far  as  personal  impres- 
sions may.  go  without  figures  we  find  om-  OAvn  experience  to  point 
in  the  same  direction ; though  we  have  seen  several  good  cases  of 
permanent  cime  in  medical  men  : even  medical  morphinists  are  not  to  be 
without  hope.  Prof.  Osier’s  judgment  is  that  the  morphinist  is  “only 
too  apt  to  relapse  into  the  habit.”  Our  own  impression  is  that  if  the 
alcoholics  and  wrecks  of  other  sorts  were  separated  from  the  heap,  the 
record  of  permanent  cures  would  stand  far  better  than  these  figures 
indicate,  figures  which,  properly  of  course,  include  morphinists  of  eveiy 
kind  and  degree.  In  the  case  of  a respectable  sinner  with  good  home,  and 
friends  to  help  him,  we  think  a favourable  prognosis  may  be  given  if  after 
four  or  six  weeks’  residence  in  a retreat,  according  to  the  severity  of 
the  case,  certain  precautions,  such  as  we  now  set  forth,  be  carefully 
carried  out. 

The  After-eure. — All  observers  experienced  in  morphinism  are  agreed 
that,  unless  circumstances  forbid  it,  the  patient,  after  the  Avithdrawal 
is  established,  say  in  two  or  three  months,  should  take  a sea  voyage. 
Not  the  body  only  but  the  mind  and  ethical  habit  of  the  patient  have  to 
be  remade.  Erlenmeyer  well  points  out  that  of  the  many  grave  objections 
to  a slow  tiipering  off  of  the  doses  of  morphine,  not  the  least  is  the  waste 
of  valuable  time  which  ought  to  be  given  to  the  aftei--cure.  A personal 
medical  attendant  is  not  usually  necessary  if  tlie  health  be  restored; 
all  well-found  ships  have  a medical  man  on  board,  who  must  be  made 
aware  of  the  former  habits  of  the  j)atient,  and  be  warned  ncvei- 
on  any  pretext  whatever  to  permit  the  patient  the  use  of  narcotics  of 
any  kind,  or  to  administer  them  himself,  excei)t  in  some  extraordinary 
circum.strinccs.  The  voyage  should  la.st  for  some  months.  Ihe  tr■l^elling 
comi-ariion  must  be  a person  of  some  ascendency  over  the  i)atient,  whose 
will  indeed  is  u.sually  weakened  by  his  jn  evious  excesses ; and  to  him  a 
grave  warning  against  alcohf)!  must  also  be  given,  for  until  thcii  moiale 
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is  restored  these  dilai:)idiited  creatures,  if  the^^  do  not  relapse  into 
morphinism,  often  fall  under  the  bondage  of  drink.  If  a sea  vo3'age 
be  out  of  the  question  .some  means  must  be  found  of  establishing  the 
patient’s  health  while  protecting  him  from  that  contact  with  the 
stress  and  harshness  of  the  world  which  he  cannot  bear  until  mind 
and  body  are  thoroughly  restored.  During  this  interval  douches 
and  other  corroborants  must  be  employed  in  order  to  steady  the 
nervous  system.  But  the  cares  and  stress  of  the  world  are  not  the 
only  stones  of  stumbling.  Paul  Sollier  has  described  certain  tides  of 
recurrent  craving  vdiich  beset  the  convalescent ; for  twelve  or  eighteen 
months  after  the  cure,  Sollier  says  that  crises  may  come  on,  lasting  for 
twenty-four  or  thirty-six  hours,  diu’ing  which  time  the  patient  is  pos- 
sessed by  a sense  of  intolerable  weariness,  dj'^spepsia — shewn  b}"  flushing 
after  meals  and  loss  of  appetite — sluggishness,  and  even  diarrhoea  and 
“ l)iliousness.”  That  this  is  more  or  less  true  we  can  aver,  though  we 
have  not  observed  these  systemic  fluctuations  so  accurate^  as  Sollier  has 
done.  The  times  of  trial  presumably  begin  as  o^'erwhelming  psychical 
yearnings,  and  take  their  origin  in  the  nervous  system,  the  gastric  and 
other  symptoms  l^eing  secondary  to  the  nervous  perturbations.  • Hmvever 
this  may  be,  we  know  that  such  a recurrent  strife  ma\’^  be  the  lot  of  the 
patient  for  a year  or  more  after  the  weaning ; and  herein  lie  the  reasons 
for  advising  a long  tutelage,  unless  the  patient  can  be  carefully  watched 
by  his  friends.  If  the  patient  have  no  judicious  friends  to  secure  him 
against  these  resurgent  tides  of  temptation,  a long  residence  under  the 
discipline  of  an  institution  may  well  be  necessary. 

It  has  been  held  b}'^  the  courts  of  the  United  States  that  addiction  to 
morphine,  even  in  great  excess,  is  not  sufficient  alone  to  prove  testa- 
mentary incapacity.  So  far  as  we  are  aware,  the  question  has  not  arisen 
in  the  English  courts. 

Hypnotic  suggestion  has  been  recommended  as  a cure  for  morphinism. 
Though  without  any  pei’sonal  experience  of  the  method,  we  have  taken 
some  pain  to  discover  its  virtues.  So  far  as  we  can  judge,  it  is  in  mild 
cases  only  that  this  remedy  has  had  even  an  appearance  of  success ; and 
to  send  a patient  quickly  out  into  the  world  again  under  “suggestion” 
is  to  court  the  failure  which  will  probably  follow. 
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of  Mcd.  1895,  p.  539. — 33.  PiCHOX.  Lc  Morphinisme,  1890.  Paris. — 34.  Richaiid- 
.sox.  “ Habitues  and  theii’  Treatment,”  Asclcpiad,  1884  ; and  Lancet,  1883. — 35. 
Rochard.  “Li-s  Morphiomanes  et  les  fumeurs  d’opium,”  Union  mid.  Xos.  11,  12, 
1894. — 36.  Rodet.  Morphinomanic  et  Moiphinismc,  1897. — 37.  Schwkxixgek,  Geo. 
Arbeiten,  I.  Band,  Berlin,  1886. —38.  Idem.  “ Bemerk.  iib.  d.  ilorphiumtod,” 
Deutsch.  mcd.  Woch.  1879. — 39.  Smith,  Eustace.  On  Diseases  in  Children.  1884.— 
40.  SOLLIER,  P.AUL.  “ La  demorphinisation,”  Xcm.  widif.  Xo.  19,  1894. — 41.  AValkee, 
S.  Cork  Med.  and  Surg.  Assoc.  X^ov.  27,  1895. — 42.  M’euxer,  Ciiotheiis,  Happel,  etc. 
etc.  Discussion  in  Philadelphian  Med.  Soc.,  Philad.  Bcp.  1892. 


Ox  SOME  OTHER  INTOXICANTS 

Ha.sheesh  Poisoning. — Cannabis  Indica  is  an  example  of  a plant 
which  yields  a toxic  substance  only  tvhen  grown  under  definite  conditions. 
In  Siberia  it  is  not  toxic ; but  in  India  the  resin  which  is  elaborated  and 
utilised  for  the  growth  of  the  seeds  is  found  to  be  poisonous.  The 
active  principle  is  an  oily  substance  which  can  be  removed  from  the 
resinous  material  by  petroleum-ether.  This  oil,  cannabinol,  is  remark- 
able in  that  it  contains  no  nitrogen  ; it  readily  loses  its  activity  on 
exposure  to  air  as  the  result  of  oxidation.  Hemp-resin  of  different 
seasons  and  places  contains  a very  variable  amount  of  cannabinol,  so 
that  the  amount  of  resin  forms  no  criterion  of  the  toxicity  of  the  drug. 
.And,  as  the  amount  of  cannabinol  cannot  as  yet  be  estimated  chemically, 
we  have  an  explanation  why  so  many  of  the  galenical  preparations  on 
the  market  are  valueless.  The  drug,  as  prepared  in  India,  is  known  in 
three  forms:  bhang,  the  dried  leaves  of  either  sex;  charas,  the  resinous 
exudation  ; and  ganja,  the  dried  flowering  tops  coated  with  resin.  The 
term  “hashish”  or  “hashee.sh”  is  a collective  name  applied  indis- 
criminately to  all  parts  and  preparations  of  the  plant.  Hemp  may  be 
ailministered  either  by  the  month,  when  its  effects  arc  apparent  usually 
in  from  a half  to  three-fpiarters  of  an  hour ; or  the  drug,  generally  as 
t/anja,  may  be  smoked,  when  the  symptoms  come  on  almost  immediately 
but  do  not  last  so  long.  The  action  of  Indian  hemp  is  upon  the  brain 
it  is  both  a deliriant  and  a soporific.  In  small  or  relatively  small 
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doses  it  gives  rise  to  gay  hallucinations,  at  any  rate  in  some  persons 
and  races ; it  is  also  said  to  act  as  an  aphrodisiac,  the  dreams  being 
of  a lustful  kind.  To  Europeans,  hoAvever,  this  description  scarcely 
applies  ; the  dreams  are  simply  disagreeable.  The  first  eflect  of  the  drug 
is  to  produce  excitement  which  is  comparable  in  many  ways  with  that 
seen  after  taking  alcohol : the  patient  is  noisy  and  restless,  he  is  less  shy 
and  freer  in  speech,  he  laughs  immoderately  at  trifles,  and  his  manners 
are  abandoned  and  no  longer  conform  with  those  of  polite  society.  As 
in  the  case  of  alcohol  we  believe  that  this  cxcitabilit}''  of  the  motor  areas 
and  lower  centres  in  the  brain  is  not  due  to  direct  stimulation,  but  to 
depression  of  the  highest  and  controlling  centres.  Certainly  there  is 
a depression  of  the  highest  centres  during  this  excitement,  and  this  is 
shewn  by  diminished  capacity  for  the  performance  of  mental  work, 
inability  to  concentrate  the  attention,  and  by  feeble  judgment.  Never- 
theless, as  in  the  case  of  the  alcoholic,  the  patient  regards  the  drug 
as  a decided  stimulant,  and  his  uncontrolled  fancies  he  looks  upon  as 
the  cerebration  of  an  exalted  brain.  It  is  of  course  needless  to  state 
that  the  testimony  of  introspection  during  this  condition  is  worthless 
as  evidence  of  stimulation.  If  the  environment  be  suitable  the  patient 
sooner  or  later  sinks  into  a condition  of  dreamy  and  languid  contentment 
followed  by  sleep.  Hallucinations  and  delusions  form  a characteristic 
feature  during  this  intoxication.  Ideas  of  a more  or  less  impossible 
sort  flicker  across  the  mental  horizon ; the  patient  does  not  recognise 
that  they  are  ridiculous  and  is  quite  unable  to  control  them.  Of  these 
the  two  most  important  illusions  are  those  of  time  and  space.  Time  is 
estimated  incorrectl}’’,  minutes  appearing  as  hours.  It  should  be  remem- 
bered in  this  connexion  that  we  estimate  time  by  successive  mental 
impressions  : and  the  uncontrolled  and  fleeting  thoughts  and  impressions 
obtaining  during  henqi  intoxication  may  well  lead  to  an  overestimation. 
Space  also  may  bo  overestimated,  although  this  is  less  common.  These 
illusions  are  seen  in  other  forms  of  intoxication  also,  for  example,  in  that 
of  moi’phine  and  mescal,  but  in  the  case  of  hemp  they  are  more  pro- 
nounced. Certain  physical  signs  are  also  evident  during  hemp  intoxica- 
tion, such  as  muscular  weakness,  inco-ordination  of  movements,  and 
slurring  speech  : thus  hemp  is  contrasted  with  moriflune,  which  in 
moderate  doses  has  no  eflect  on  the  motor  functions.  Like  morphine, 
however,  hemp  diminishes  the  perception  of  pain  and  induces  a partial 
anmsthesia  of  the  skin.  Early  in  the  state  of  intoxication  reflexes  are 
usually  increased,  although  later  they  become  decidedly  depressed. 

The  effect  of  the  inhalation  of  the  fumes  of  ganja  is  to  produce  an 
exhilaration  and  sense  of  refreshment  which  are  particularly  noticeable 
after  fatigue,  mental  or  physical  ; these  feelings  are  more  pronounced 
than  those  produced  by  either  tea  or  alcohol,  and  are  not  followed  by 
reaction.  In  the  space  of  some  twenty  minutes  to  half-an-hour  the  effect 
wears  oflT.  The  sensory  nerves  are  benumbed  and  the  pupil  is  dilated. 
There  are  no  constant  symptoms  of  respiiation,  pulse,  or  temperature. 

It  is  stated  by  the  “Indian  Hemp  Drug  Commission  ” of  1893-94 
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that  “ its  moderate  use  has  no  physical,  mental,  or  moral  ill-eflects  what- 
ever.” “ Its  e.xcessive  use  injures  the  physicial  constitution,  and  ma}' 
cause  dysentery  and  bronchitis.  It  tends  to  -weaken  the  mind,  and  may 
cause  insjinity  sometimes.  It  induces  mental  depravity  and  poverty,  but 
rarely  crime.  The  injury  caused  by  excessive  use  is  confined  almost 
e.xclusively  to  the  consumer,  and  scarcely  affects  society.”  The  Com- 
mission thought  that  careful  inquiry  reduced  the  proportion  of  genuine 
hemp  drug  cases.  “Of  222  cases  of  insanity  ascribed  to  hemp  drugs  iti 
the  Lunatic  Asylum  statements  of  1892,  only  98  are  found  on  careful 
inquiry  by  the  Commissioners  to  have  an}’^  connexion  with  them.  The 
result  is  that  of  the  whole  number  of  cases  admitted  to  lunatic  asylums 
(in  India)  in  that  year  only  7 '3  per  cent  can  be  ascribed  to  hemp  drugs, 
and  if  cases  in  which  hemp  drugs  have  been  onlj^  one  of  several  possible 
causes  ai-e  omitted,  the  percentage  falls  to  4‘5.  . . . Hemp  drugs  cause 
insanity  more  rarely  than  has  popularly  been  supposed,  and  the  resultant 
insanity  is  usually  of  a temporary  character  and  of  shorter  duration  than 
that  due  to  other  causes.”  The  latest  account  of  hasheesh  insanity  Ave 
owe  to  Dr.  Warnock,  and  the  folloAving  paragraphs  are  extracted  from 
Dr.  Clouston’s  review  of  Warnock’s  Eeport  for  1895  in  the  Journal  of 
Mental  Science,  October  1896  : — 

Dr.  Warnock  had  some  interesting  facts  in  regard  to  hasheesh  and  its  mental 
effects.  Of  his  253  admissions  in  the  last  half  of  1895,  40  were  put  down  to 
the  abuse  of  hasheesh,  and  40  more  to  the'  combined  eti'ects  of  this  drug  and 
alcohol.  Of  80  cases  only  5 Avere  Avomen.  In  41  per  cent  of  all  his  male 
patients  hasheesh,  alone  or  combined  Avith  alcohol,  caused  the  disease  ; Avhile  in 
only  7 per  cent  of  his  female  patients  Avas  this  the  case.  After  stating  that 
the  habit  of  .smoking  Indian  hemp  is  Avidelj"^  prevalent  in  Egypt,  he  asks  ; 
“ Ls  there  a form  of  insanity  produced  by  this  habit  so  frequently  occurring  or  of 
so  peculiar  a type  that  it  can  he  demonstrated  by  asylum  statistics  ? And  is 
hasheesh  a potent  factor  in  the  production  of  insanity  in  Egypt!”  His  con- 
clusions are  : “ 1.  I have  no  doubt  that  in  quite  a considerable  number  of  cases 
here  hasheesh  is  the  chief,  if  not  the  only,  cause  of  the  mental  disease.  2.  I 
doubt  very  much  if  hasheesh  insanity  can  he  at  present  diagnosed  by  its 
clinical  characters  alone.  Many  hasheesh  cases  recover  almost  immediately  on 
their  admission,  an  abstinence  from  the  drug  being  in  such  cases  followed  by  a 
cessation  of  the  morbid  symptoms.”  This  sudden  and  rapid  recovery  is  the 
most  pathognomonic  symjitom.  He  classifies  the  usual  types  of  hasheesh 
insanity  as  being  : — 

Hasheesh  Intoxication. — An  elated,  reckless  state,  in  Avhich  optical 
hallucinations  and  delusions  that  devils  possess  the  subject  frequently  exist. 
Sometimes  the  condition  amounts  to  delirium,  Avhich  is  usually  milder,  more 
manageable,  and  less  aggressive  than  that  of  alcohol,  and  exhibits  none  of  the 
ataxic  phenomena  of  the  latter.  Kecovery  takes  place  in  a day  or  two,  or  less  ; 
and  the  patient  usually  recognises  the  cause  of  his  excitement.”  In  connexion 
with  this  “intoxication”  Dr.  AVarnock  asks  if  the  subject  of  it  is  to  he  held 
respoTrsible  for  crimes  committed  in  this  state  or  not  1 

“h.  Acute  Mania. — In  this  tyiie  terrifying  hallucinations,  fear  of  neigh- 
Ixmrs,  outrageous  conduct,  continual  re.stle.ssness  ami  talking,  8leeplessiies.s 
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exhaustion,  marked  incoherence  and  complete  absorption  in  insane  ideas  are 
the  prominent  symptoms.  Such  cases  last  some  months,  and  do  not  always 
■recover. 

“f.  Weak-mindedness. — With  acute  outbreaks  after  each  hasheesh  excess. 
These  cases  are  very  numerous.  Wliile  in  residence  such  patients  are  quiet 
usually,  and  well  behaved,  and  only  betray  the  impaired  state  of  their  brains  by 
being  over-talkative,  easily  pleased,  lazy,  anergic,  excitable  on  small  provoca- 
tion, unconcerned  about  their  future,  and  willing  to  stay  in  hospital  all  their 
lives.  They  .shew  no  interest  in  their  relatives,  and  only  ask  for  plenty  of  food 
and  cigarettes.  After  being  discharged  such  cases  .soon  return  in  a condition  of 
excitement — in  fact  in  a mild  form  of  type  b.  They  then  talk  rapidly  and 
rush  about,  pouring  torrents  of  abuse  on  those  near  them  ; curse  and  rave  on 
slight  provocation  ; are  sleepless,  and  for  ever  moving  in  an  aimless  way  ; are 
urgent  to  be  released.  They  deny  the  use  of  hasheesh  at  one  moment  and 
boast  of  its  wonderful  effects  the  next.  Besides  these  types  there  are  numbers 
of  cases  of  chronic  mania,  mania  of  persecution,  and  chronic  dementia, 
alleged  to  be  produced  by  hasheesb,  but  I have  no  means  of  verifying  these 
allegations.” 

Cocaine 

Cocaine  and  its  salts  have  been  largely  used  as  a means  of  producing 
anaesthesia.  They  have  also  been  recommended  by  physicians  and 
others  as  a temporary  substitute  for  morphine  in  the  weaning  of 
morphinists  from  their  habit.  The  drug  has,  moreover,  been  used  as  a 
habit  for  its  own  sake — either  the  leaves  are  chetved,  as  by  the  native 
Peruvians  and  others,  or  the  alkaloid  is  taken  into  the  system,  by 
injection  or  otherwise,  in  its  pure  state.  Cocaine  is  derived  from  the 
Erythro-xylum  Coca.  The  use  of  it  by  the  inhabitants  of  the  Pacific  side 
of  South  America  goes  back  beyond  historical  times  ; and  under  the  name 
of  “ Spadic,”  and  other  names,  the  leaves  are  largely  used  at  the  present 
day  by  the  Peruvians  and  other  tribes  of  Western  South  Ameiicii.  The 
leaves  are  chewed  and  mixed  with  lime,  and,  in  the  habits  of  those  races, 
they  seem  to  take  the  place  that  tea  and  the  like  do  with  us.  Under  the 
influence  of  the  drug  the  Indian  is  said  to  perform  rapid  and  long 
journeys,  or  to  carry  heavy  loads  on  very  small  quantities  of  food.  The 
abeyance  of  appetite  is  proliably  due  to  the  benumbing  effects  of  the  drug 
on  the  coats  of  the  stomach.  Following  the  example  of  Sir  Robert 
Christison,  we  have  carried  some  coca  with  us  to  the  Alps  on  more 
than  one  occasion  in  the  hope  of  humiliating  our  fellow-climbers  by  some 
feats  of  activity  or  endurance,  but  without  success ; the  leaves  were 
obtained  from  a trustworthy  source,  but  they  seemed  to  have  no  effect 
whatever. 

The  drug  as  taken  by  the  Indians  is  said  not  only  to  endow  the 
labourer  with  extraordinary  powers,  but  also  to  have  the  cheering 
and  exciting  effects  of  a nervine  stimulant.  Among  these  people, 
however,  it  is  said  that  those  who  use  coca  in  excess  fall  into  a 
marasmus.  The  Indians  say  that  under  the  influence  of  coca  they  need 
no  sleep  ; certainly  insomnia  is  one  of  the  symptoms  of  jioisoning  by 
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the  alkaloid.  It  must  be  remembered,  howevei-,  that  the  alkaloid 
cocaine  does  not  represent  the  whole  action  of  the  leaf ; other  alkaloids 
such  as  isatropyl- cocaine,  benzoyl -ecgonine,  and  some  volatile  oil  are 
also  present  and  may  to  some  extent  modify  the  action.  For  the  same 
reason,  coca  wine  should  be  prepared  from  the  properly  preserved  leaves 
and  not  by  the  simple  addition  of  cocaine. 

The  virtues  of  this  agent  in  producing  local  anajsthesia  are  well 
known.  A 2 per  cent  solution  of  cocaine  painted  upon  a mucous  mem- 
brane, as  on  that  of  the  eye  or  of  the  mouth,  frequently  proves  itself  a 
sutticient  anajsthetic  for  superficial  operations.  By  subcutaneous  punctur- 
ings  even  a deeper  antesthesia  may  be  imoduced ; but  the  beneficent 
virtues  of  the  agent  in  this  direction  are  unfortunately  rendered  of  less 
avail  by  its  treachery  in  others.  Cocaine  is  a rapid  and  often  a deadly 
poison,  and  one  which  has  its  own  incalculable  ways  with  certain  sensitive 
people.  Some  persons,  who  are  very  susceptible  to  the  drug,  present  no 
signs  of  the  peculiarity ; children,  on  the  other  hand,  shew  a remarkable 
toleration  of  cocaine,  as  to  another  mydriatic  agent,  atnopine,  to  which 
cocaine  is  allied  chemically. 

Acute  Cocaine  poisoning. — So  far  as  we  are  aware,  cocaine  has  never 
been  used  as  a means  of  murder,  though  a ferv  instances  of  suicide  by 
the  drug  are  recorded. 

Far  commoner  are  cases  of  mishap  in  the  use  of  cocaine  in  surgery. 
In  some  of  these  cases  of  poisoning  the  agent  was  used  in  careless  excess ; 
in  the  large  majoiity  the  drug  rvas  used  in  relative  excess,  no  doubt ; but 
the  most  dangerous  use  of  cocaine  is  to  inject  it  into  cavities,  whether 
natural  cardties  such  as  the  bladder,  the  tunica  vaginalis,  and  the  like ; 
or  abscesses  or  sinuses,  and  this  is  possibly  on  account  of  its  very 
rapid  absorption.  Cocaine  is  also  a dangerous  drug  to  use  in  the  case  of 
broken-down  or  antemic  persons,  especiall}^  of  persons  in  rvhom  there  is 
reason  to  suspect  degeneration  of  the  vascular  system.  The  general 
opinion  of  careful  surgeons  and  experimenters  is,  that  it  is  well  not  only 
to  economi.se  the  dose,  but  also  to  dilute  the  solution  of  the  drug  to  as 
low  a point  as  2 per  cent.  Dr.  Hayes  reports  a case  in  which  the  use  of 
a na.sal  .spray  in  a 4 per  cent  solution  caused  delirium  and  cramps,  and 
Dr.  de  Havilland  Hall  a case  of  poisoning  by  a nasal  spray  of  10  per  cent. 
Dr.  Mactier  reports  .sharp  but  transient  poisoning,  in  a man  aged  twenty- 
five,  by  four  drops  of  a 5 per  cent  solution  instilled  into  lioth  conjunc- 
tival sacs.  It  is  probably  a good  rule  never  to  exceed  3 pei-  cent  in 
■solutions  for  surgical  u.se;  yet  children  are  said  to  tolerate  solutions  as 
strong  .'IS  20  to  40  per  cent  (Felizet).  Still  it  can  never  be  wise  to 
presume  uj^on  such  immunity;  for  Hayes  records  the  case  of  a child  in 
which  dcjith  followed  an  injection  of  about  half  a grain  into  the  urethra. 
Schede  reports  grave  though  not  fatal  poisoning,  in  a strong  nuui  aged 
twenty,  by  the  injection  of  thirty  minims  of  a 10  per  cent  solution  into 
the  urethra;  washing  out  of  the  uretlira  and  bladder  on  the  fir.st 
appearance  of  the  symptoms  seemed  to  be  of  no  service.  As  regards 
ab-solute  quantities  "it  is  very  rliflicult,  .as  we  have  foreshadowed,  to 
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establish  a limit  of  safety.  So  little  as  -1th  of  a grain  injected  under  the 
skin  has  been  followed  by  slight  symptoms,  and  half  a gi'ain  not 
infrequently ; though  this  quantity  could  safely  be  administered  to  most 
persons,  and  could  not  be  very  harmfid  to  any.  No  doubt  such  do.ses 
disturb  those  persons  only  whose  susceptibility  is  high ; such  persons  are 
probably  many,  but  there  is  no  means  of  winnowing  them  out.  Ordinary 
persons  can  tolerate  a quarter  of  a grain  well  enough,  and  even  a grain 
and  a half.  The  reports  of  fatal  doses  vary  from  eight  to  twcntv-three 
grains  (16);  Mr.  Curgenven  records  a case  in  which  ten  grains  were 
fatal  to  a woman.  One  of  us  once  painted  his  throat  liberally  with  a 
20  per  cent  solution  of  the  hydrochlorate,  some  no  doubt  being  swallowed. 
It  is  doubtful  how  much  of  the  solution,  which  contained  one  grain  in  all, 
was  used  ; slight  hallucinations  and  delirium  appeared  shortly  afterwards, 
though  the  disorder  was  not  noticed  by  others. 

A widespread  anaesthesia  can  be  induced  by  injecting  cocaine  into  the 
spinal  subdural  canal.  Complete  paralysis  quickly  ensues  below  the  point 
of  injection,  whilst  consciousness  remains  unimpaired  ; for  e.vample,  gr. 
of  cocaine  injected  between  the  third  and  fourth  lunil)ar  vertebra^ 
produces  anaesthesia  of  the  lower  limbs  up  to  the  level  of  the  umbilicus. 
The  loss  of  sensation  begins  in  the  extremities  three  or  four  minutes  after 
injection  and  sjmeads  upwards  gradually.  After  such  injections  patients 
can  distinguish  between  heat  and  cold  after  tactile  sensations  have  dis- 
appeared. The  motor  nerves  are  paralysed  after  the  sensory  and  recovei- 
first,  so  that  the  patient  majf  still  be  able  to  move  his  legs  when  sensation 
is  lost.  Pitesci  reports  406  cases  of  spinal  anesthesia  without  a death. 
A solution  of  one-sixth  to  one-third  of  a grain  of  cocaine,  made  up  with 
cerebi’ospinal  fluid  previously  withdrawn,  was  used  in  all  cases.  In  the 
discussion  which  followed  Jonnesco  reported  eight  cases  with  one  death, 
which  was  attributed  to  the  cocaine.  Sevrieana  also  reported  thirty  cases 
with  one  death.  From  his  still  more  recent  experience  of  over  200  cases 
Dickinson  says  that  the  method  is  reliable,  and  that  no  anxiety  need 
be  felt.  Since  1904,  however,  this  use  of  cocaine  has  graduall}’’  been 
superseded  by  the  hydrochlorate  of  ;8-amyleine,  which  is  usually  sold 
under  the  proprietary  name  “ Stovaine.”  Stovaine,  when  injected  into 
the  subdural  canal  in  doses  of  i to  1 1 gr.,  produces  a widespread  anesthesia 
as  perfect  as  that  of  cocaine.  It  is  reputed  to  )je  only  about  one-half  as 
toxic  as  cocaine,  and  to  be  without  the  objectionable  after-eft’ects  of  the 
latter  di-ug.  Stovaine  is  also,  to  a smaller  extent,  displacing  cocaine  as 
a local  anesthetic : it  is  an  irritant  drug,  and  prolonged  application  to 
mucous  membi’anes  results  in  sloughing  and  ulceration  of  the  parts. 

Cocaine,  like  all  other  drugs  which  specifically  excite  the  cerel)rum, 
is  a veiy  uncertain  drug  in  its  .action  ; the  doses  for  individuals  must  be 
carefully  .approached  in  e.ach  case,  and  solutioTis  injected  under  the  skin 
or  into  cavities  must  not  exceed  a strength  of  3 per  cent : indeed  fifteen 
minims  of  a 1 per  cent  dilution  are  sufficient  to  use  in  a patient  whose 
personal  equation  in  this  re.spect  is  not  known,  or  in  whose  case  the 
solution  may  penetrate  raw  surfaces  or  highly  Amscular  areas,  such  as 
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the  gums.  The  minimum  fatiil  dose  is  fixed  I'ather  douhtfullj-  by  iMcLjiiie 
Hamilton  at  half  a grain. 

Much  stronger  dilutions  may  be  used  to  paint  upon  unbroken 
surfaces ; indeed  the  drug  is  not  readily  absorbed  by  the  skin,  though  it 
produces  an  amesthetic  action  upon  it.  IMucous  surfaces  must  be  dealt 
with  more  cautiously.  This  anaesthesia  seems  to  arise  in  all  animals 
possessed  of  a nervous  system — even  in  molluscs,  crustaceans,  and  the 
like — when  submitted  to  the  action  of  coca.  The  action  of  the  drus 
does  not  seem  to  lie  cumulative.  Rules  for  the  use  of  cocaine  in  surgeiy 
by  Reclus  seem  to  be  regarded  by  those  best  able  to  judge  as  trustworthy 
and  sufficient. 

Resorcin,  chloretone,  or  other  antiseptic  must  be  added  to  solutions 
of  cocaine  required  to  be  kept.  A mixture  of  cocaine  and  adrenalin  has 
recently  been  employed  for  injection  as  a local  anaesthetic.  It  is  very 
satisfactory  and  less  prone  than  cocaine  to  produce  untoward  effects. 
The  cocaine,  by  diffusion  into  the  surrounding  parts,  can  still  paralyse 
the  peripheral  sensory  endings  as  perfectly  as  if  injected  alone ; but,  on 
account  of  the  intense  vaso-constriction  induced  bj'^  the  adrenalin,  it  is 
absorbed  much  more  slowly. 

Eucaine,  an  artificial  alkaloid,  is  beginning  to  take  the  place  of 
cocaine ; it  is  only  about  one-fifth  as  toxic,  but  its  antesthetic  action  is 
more  slowly  developed,  and  not  so  permanent.  It  does  not  constrict 
vessels  nor  dilate  the  pupil  like  cocaine. 

Sijmptoms. — AVhen  a relatively  excessive  dose  has  been  taken  the 
patient  becomes  pale,  faint,  and  giddy,  and  breaks  into  a sweat;  he 
complains  of  creepings  on  the  skin,  palpitation,  and  a sense  of  anxiety 
in  the  precordial  region ; the  pulse  begins  to  rise  rapidly  in  rate  and  to 
fail  in  .strength,  and  he  becomes  loquacious,  agitated,  or  even  hysterical. 
The  dilated  pupils  fail  to  react  to  light  and  accommodation ; the  respii-a- 
tion  becomes  panting ; faintness  passes  into  prostration  with  more  or  less 
loss  of  consciousness,  and  perhaps  inth  convulsions  ; cyanosis  deepens,  and 
in  grave  ca.ses  Cheyne-Stokes  breathing  is  said  to  occur.  The  muscular 
svstem  suffers  gi’eatly  : pains,  often  sudden  and  severe,  are  felt  in  the 
limbs,  and  cramps,  unilateral  or  bilateral,  take  po.ssession  of  them,  chiefly 
on  the  side  of  the  flexors,  which  may  amount  to  general  rigidity  and  even 
to  well-marked  tetanus.  Trismus  and  tetanic  seizures  are  also  recorded 
(.Schede).  Some  anesthesia  of  the  skin  is  to  be  determined  from  the 
outset  if  the  patient  be  able  to  testify  to  it ; but  he  may  soon  fall  into 
a delirium  with  hallucinations,  become  violent,  suicidal,  or  oven  homicidal 
IBornnann);  on  the  failure  of  the  sphincters  urine  and  feces  .arc 
[Ki.s.sed  into  the  bed.  Cocaine  first  excites  the  central  nervous  system, 
especially  the  motor  area,  and  this  stage  is  followed  by  depression,  during 
which  death  may  occur  from  collapse  or  respiratory  failure. 

In  cocaine  poisoning,  ei’en  in  the  midst  of  such  grave  symptoms^  as 
these,  we  may  be  more  hopeful  of  recovery  than  in  some  other  intoxicji- 
tion.s.'  The  duration  of  the  symptoms  is  short,  whether  they  end  m 
recovery’  or  in  ileath. 
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The  treatment  is  such  as  the  symptoms  indicate : it  consists  in  the 
horizontal  position,  the  use  of  alcohol  and  diffusible  stimulants,  such  as 
ammonia,  l>y  the  mouth,  the  rectum,  and  the  subcutaneous  tissue;  the 
inhalation  of  oxygen,  and,  if  necessary,  artificial  respiration.  Intravenous 
injections  of  two  or  three  ounces  of  normal  saline  solution  are  said  to 
have  proved  helpful.  Nitrite  of  amyl  has  been  currently  recommended 
when  the  arterial  blood-pressure  is  much  raised.  The  inhalation  of  chloro- 
form or  ether  may  be  used  for  convulsive  attacks.  In  case  of  recovery 
some  nervous  disturbance — such  as  insomnia,  vertigo,  mental  depression, 
and  tingling  in  the  limbs — may  continue  for  some  days.  If  a fatal  event 
ensue,  the  convulsions,  tonic  and  clonic,  will  continue  and  coma  will  set  in, 
so  that  the  status  epilepticus  is  established.  In  some  respects  the  symptoms 
may  be  likened  to  those  of  poisoning  by  atropine.  If  the  drug  had  been 
taken  by  the  mouth  the  stomach  should  be  emptied. 

Morbid  Anatomy. — In  this  there  is  nothing  very  characteristic,  and 
unless  cocaine  be  detected  in  the  organs  of  the  body,  the  cause  of  death 
cannot  be  ascertained  by  autopsy  alone.  Ehrlich  saj^s  that  changes  are 
to  be  found  in  the  hepatic  cells — a “ vacuolaiy  ” degeneration  : the  cells 
are  large  and  even  enormous  in  size,  the  nuclei  being  atrophied.  The 
liver  is  much  enlarged,  and  looks  pale  from  fatty  change.  During  life 
the  drug  is  said  to  injure  and  destroy  the  leucocytes. 

Chronic  Poisoning.  Coeainism. — Sensitive  as  many  persons  are  to 
small  doses  of  cocaine  and  its  salts,  yet  by  habit  the  doses  may  be 
enormously  increased,  as  in  the  case  of  other  like  agents.  Cocaini.sts 
have  frequently  been  known  to  take  from  thirty  to  forty  grains  in  a day  ; 
but  not  with  impunity : the  effects  of  chronic  intoxication  by  cocaine  are 
even  more  terrible  than  those  of  morphinism.  Like  morphine  and  alcohol, 
and  unlike  coffee  and  tobacco,  coca  brings  the  consumer  into  hopeless 
bondage.  It  is  alleged  that  the  habit  is  on  the  increase,  that  it  is  taken 
for  its  sustaining  virtues  in  physical  exercises,  and  again  as  a cordial  in 
the  “ coca  wine  ” so  recklessly  sold  to  the  public!.  If  there  be  cocaine  in 
the  wine  the  morals  of  the  buyer  suffer,  if  none  those  of  the  seller.  Coca 
snuffs  and  lozenges  are  also  sold  for  common  use.  The  habit  is  said  to 
prevail,  chiefly  in  the  form  of  hypodermic  injection,  in  Paris  .and  in  the 
United  States. 

Symptoma. — The  first  effects  of  the  drug,  at  any  rate  in  those  who  are 
habituated  to  it,  consist  in  a sense  of  well-being,  briskness  of  perception, 
.and  removal  of  fatigue,  which  make  the  drug,  like  others  of  its  kind, 
attractive  to  those  who  are  at  once  keen  for  life  .and  yet  soon  fatigued. 
Perennial  joy  and  vivacity  seem  promised  to  them.  The  eft'ect,  however, 
is  very  fleeting,  more  fleeting  than  the  gifts  of  morphine,  and  is  bought 
even  at  a greater  price.  For  these  qualities  the  drug  bis  been  used  in 
the  treatment  of  melancholia  ; but  the  relief  obtained  is  transient,  and 
is  followed  by  a depression  which  more  than  undoes  the  momentar}^  good. 

So  also  with  those  who  use  cocaine  for  purposes  of  intoxication — 
depression  and  insomnia  soon  supervene,  and  the  victim  is  dr.awn  to  the 
more  and  more  frequent  repetition  of  his  doses,  and  to  increase  of  the 
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(luantities  of  each.  As  this  fatal  bondage  is  tightened  syini)tonis  of 
chronic  intoxication  come  on.  The  temporary  prostration  and  nausea 
grow  woi-se  (that  is,  if  the  drug  be  withheld) ; the  appetite  fails  ; diarrhma 
may  set  in  j tits  of  semi-consciousness  appear  with  no  subseciuent  recollec- 
tion of  that  which  has  passed ; a persistent  tremor  inA'ades  the  muscles, 
especially  of  the  upper  limbs,  and  the  nights  are  sleepless.  As  the  habit 
progresses  more  permanent  signs  of  deterioration  shew  themselves ; the 
face  becomes  sallow,  the  eyes  sunken,  and  the  whole  body  emaciated  ; the 
will  becomes  weakened  to  the  point  of  imbecility ; the  voice  is  enfeebled 
to  whinings  and  fretful  pulings ; hallucinations  possess  the  senses ; the 
limbs  become  cold  and  tormented,  as  is  the  rest  of  the  skin,  Avith  sensa- 
tions as  of  creeping  animals  or  vermin  ; the  mind  gives  Avay,  and  delusions 
of  persecution  are  prominent  in  the  Avreck  of  intelligence.  If  the  habit 
be  still  continued  the  abasement  becomes  profound.  Noav  feAv  persons 
Avould  fall  into  this  pit  were  it  not  that  the  use  of  coca  has  been  recom- 
mended, most  unfortunately  in  our  opinion,  by  some  physicians  as  a 
means  of  escape  from  morphinism.  'Were  the  value  of  coca  in  this 
respect  more  than  it  is,  so  baneful  a cure  should  have  our  aA'ersion ; but, 
as  Ave  believe  that  it  has  very  little  A'alue  of  this  kind,  and  that  indeed 
the  end  desired  can  be  better  attained  in  other  ways,  it  is  to  be  hoped 
that  the  cocaine  habit  AA-ill  soon  be  forgotten. 

The  first  efiect  of  cocaine  injections  is  on  the  circulation  : the  pulse 
l)ecomes  quicker  and  the  peripheral  arterioles  contract ; the  contraction 
is  brought  about  both  by  excitation  of  the  vasomotor  centre  in  the 
medulla  and  of  the  nerve-endings  in  the  A^essels.  The  result  of  these  actions 
is  that  the  arterial  blood-pressure  rises.  As  the  effects  of  the  drug  begin  to 
Avear  off,  as  excitement  giA'es  place  to  depression,  the  opposite  circulatory 
conditions  to  those  described  obtain  and  blood-pressure  falls.  It  is  a pitA' 
that  no  trustworthy  records  of  blood-pressure  in  man  during  cocaine  and 
moiphine  narcosis  have  yet  been  recorded.  As  the  effects  pass  off  a 
blunted  appetite  and  a rencAved  insomnia  intensify  the  patient’s  suflerings. 
Such  a patient  left  to  himself  becomes  enslaved  to  both  drugs,  and  must 
run  up  the  doses  to  large  c^uantities — to  30  or  40  grains  of  each.  As 
Erlenmeyer  shrewdly  says,  the  cocaine  is  far  less  effective  in  remoA'ing 
the  morphine  symptoms  than  is  morphine  itself ; so  that  it  is  better  to 
use  morphine  in  the  cure  than  this  neAV  and  treacherous  ally. 

Prognosis. — The  slavery  of  coca  is  Avorse  than  that  of  morphine ; it  is 
more  destructive  of  mind  and  body,  and  harder  to  put  aside.  The  mor- 
phini.st  still  retains  some  desire  to  defeat  his  enslaA'cr,  and  is  filled  Avith 
gratitude,  at  any  rate  for  the  time,  Avhen  the  cure  is  complete.  The 
cocainist,  on  the  other  hand,  is  so  reduced  in  intelligence  that  he  neither 
de.sires  emancipation  nor  feels  any  thrill  of  joy  Avhen  released ; his  brain 
Is  so  bemused  that  he  cares  nothing  for  freedom.  Hence  the  ])rogiiosis 
in  cocainism  is  AVOrse,  even  Avhen  skilfully  handled  in  a retreat,  than  in 
moryfhinism  ; the  course,  if  the  mind  is  to  be  restored,  must  be  much 
longer,  five  or  six  months  at  least,  and  the  I’esult  is  less  detinitelj  hopeful. 
This  i.s  not  true  for  tho.se  cases  in  Avhich  the  cocaine  habit  is  .sui)eraddcd 
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to  the  morphia  habit;  in  these  the  cocaine  can  usually  be  omitted  without 
great  difficulty. 

TreaUnenf. — The  only  possible  means  of  dealing  with  a cocainist  is  to 
])lace  him  in  a retreat  where  such  cases  are  treated  with  sympathy  and 
skill.  Chloral  or  trional  are  useful  aids  in  combating  the  sleeplessness 
and  distress ; and  massage  and  feeding  in  repairing  the  wasted  tissues. 
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Ether 

The  story  of  ether  drinking  is  admirably  told  by  the  late  Mr.  Ernest 
Hart  in  an  article  published  in  the  British  Mediail  Journal  of  the  18th  of 
October  1890. 

We  find  from  Mr.  Hart’s  article  that  Sir  Benjamin  Eichardson  had 
long  been  aware  of  the  practice ; and  that  Mr.  H.  N.  Draper  had 
published  an  account  of  it  in  the  'Medical  Press  and  Circular  of  the  30th 
of  May  1877.  Dr.  AValter  Bernard  of  Londonderry,  whose  personal 
experience  extends  over  forty-two  years,  says  that  ether  drinking  has 
been  known  to  him  during  all  this  period.  According  to  Sir  Benjamin 
Richardson  this  abuse  of  ether  was  introduced  into  Draperstown,  in 
South  Derry,  in  1846-47,  whence  the  practice  seems  to  have  spread 
over  certain  parts  of  the  county  of  Londonderry,  and  into  the  borders  of 
Antrim  and  Tjn-one.  Ether  drinking  ivas  practised  also  in  Lincolnshire, 
and  Mr.  Hart  had  I'eason  to  believe  that  it  was  by  no  means  unknown  in 
London. 

Enormous  quantities  of  “methylated  spirit”  are  consigned  to  Ireland 
l)y  large  manufacturers,  and  from  this  crude  spirit  the  “methylated 
ether  ” is  obtained,  and  is  sold  in  drams  at  the  shops.  It  is  to  the  intro- 
duction of  this  cheap  ether,  and  to  the  activity  of  the  revenue  officers  in 
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hunting  down  the  illicit  whisky  stills,  that  the  iirevalence  of  ether 
drinking  may  he  traced.  The  story  that  the  practice  arose  in  an  evasion 
of  “ the  pledge  ” against  alcohol  in  the  time  of  Father  Mathew,  seems 
to  be  a “picturesque  inaccuracy.”  As  a result  of  Hart’s  rejmrts  the 
Uovernment  imposed  certain  restrictions  on  the  sale  of  ether,  which  have 
had  the  effect  of  greatl}'  reducing  the  vice. 

The  cheapness  of  the  intoxicant  seems  to  promote  its  use.  Its  retail 
price  is  about  Id.  for  two  drachms,  or  even  a Id.  for  a drachm  and  a 
half.  The  Rector  of  Cookstown  reported  that  “ in  small  poor  grocery 
shops  ether  is  sold  without  restriction,  and  it  is  hawked  about  in  exchange 
for  eggs  and  farm  produce.”  One  of  the  guards  of  the  Derry  Central 
Kailway  says  that  “the  smell  of  ether  in  the  third-class  carriages  on 
market-days  is  disgusting  and  abominable.” 

Mr.  Draper  tells  us  that  the  usual  quantity  of  ether  taken  as  a dram 
is  from  two  to  four  drachms ; and  that  this  dose  is  repeated  tudce,  thrice, 
or  even  four  and  six  times  daily.  As  it  is  almost  insoluble  in  water,  it  is 
usual,  except  perhaps  with  the  moderate  drinkers,  to  take  a mouthful  of 
water  fii’st,  and  after  the  ether  another  mouthful  of  water.  An  experi- 
enced drinker  by  holding  his  nose  can  take  a large  quantity  undiluted. 
There  are  tales  of  persons  who  would  take  so  much  as  a pint  during  the 
period  of  an  ether  debauch.  One  draught — less  than  a uineglassful — 
udll  produce  intoxication  in  any  one  unaccustomed  to  the  drug. 

The  special  temptation  of  ether,  as  compared  with  other  intoxicants, 
lies  in  the  transitoriness  of  the  immediate  effect ; moreover,  little  or  no 
punishment  remains,  such  as  nausea,  dry  mouth,  headache,  and  the  like. 
Thus,  what  the  late  Dr.  Norman  Kerr  called  “the  drama  of  intoxication” 
could  be  repeated  several  times  a day,  and  for  a small  outlay. 

Even  respectable  people  take  the  ether  and  without  shame,  pretending 
that  it  is  useful  as  a medicine  for  “ the  wind  in  the  stomach,”  and  other 
ailments.  It  is  largely  drunk  also  at  wakes  and  dances.  Its  effects  are 
very^  rapidly  produced,  and  the  stage  of  excitement  is  very  marked.  “Those 
under  its  influence  shout,  dance,  laugh,  and  act  like  maniacs : if  the  dose 
has  been  heavy  they  may  fall  down  writhing  and  foaming  at  the  mouth. 
They  generally  recover  soon,  and  feel  low  and  depressed ; and  often  then 
will  renew  the  dose,  for  which  they  have  a strong  craving.”  “ A smaller 
do.se  is  exhilarating,  and  produces  a feeling  of  lightness  as  if  the  person 
could  fly.”  Profuse  salivation  often  follows  the  drinking  of  ether,  then 
rather  Violent  enictitions;  the  face  becomes  flushed,  and,  if  large 
<iuantities  are  taken,  may  become  livid  : pallor,  weakness,  and  burning 
pain  at  the  epiga.strium  follow.  When  the  dose  is  large,  frenzy, 
rnaniacjil  excitement,  and  ultimately  stupor  supervene.  Dr.  J.  W.  Watson 
ffpioted  by  Hart)  says:  “The  ether  drinkers  agree  that  it  is  a very 
plea.surable  form  of  intoxication,  and  others  can  see  that  it  is  a very 
violent  form.  But  the  most  violent  form  is  j)roduced  when  whisky  and 
ether  are  both  taken.”  Ether  drinkers  are  very  quarrelsome  in  their 
cuf«.  the  intoxication  being  decidedly  of  the  pugnacious  kind. 

I'atholoffij. — Of  the  remote  effects  of  ether  little  is  known.  The  late 
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Sir  Benjiimin  liichai’dson  expressed  almost  regret  that  no  grievous  lesions 
arise  in  these  subjects  to  point  the  moral  of  excess  as  in  alcoholic 
drunkards.  Chronic  gastritis  and  dyspepsia  seem  to  be  the  chief  conse- 
quences. Ether  drinkers,  however,  .suffer  from  debility,  great  nervous 
prostration,  tremors  (especially  in  the  nock  and  forearm),  indigestion, 
irregular  action  of  the  heart,  subacute  gastritis,  a peculiar  whitish  sallow 
complexion,  and,  in  some  cases,  a peculiar  livid  cyanotic  face.  Dr.  Walter 
Bernard  (quoted  by  Hart)  says  that  there  follow  wasting  both  of  fat  and 
muscle,  enfeebled  circulation,  pale  lemon  or  brown  skin,  exaggerated 
reflexes,  and  profound  degeneration  of  the  moral  character.  The  victims 
fall  into  a kind  of  hysterical  state,  lose  all  self-respect,  and  A\'ill  lie  and 
steal  to  procure  their  favourite  stimulant. 

There  does  not  seem  to  be  any  evidence  to  prove  that  ether  drinking 
directly  produces  insanit}^ ; though  of  course  it  may  favour  its  occurrence 
in  persons  thus  disposed. 

The  habit  leads  to  crime  only  through  the  violence  and  pugnacity 
so  characteristic  of  this  form  of  intoxication.  In  discussing  the 
physical  consequences,  we  must  remember  that  these  have  not  yet  been 
thoroughly  investigated  by  pathologists  armed  with  the  resources  of 
modern  science. 

Chloroform,  Chloral,  Sulphonal,  Antifebrix 

It  is  not  necessar}'^  to  enter  into  details  concerning  each  one  of  these 
and  other  hypnotics  or  analgesics.  They  all  bring  about  a loosening 
of  the  framework  of  the  higher  nervous  matter,  and  thus  weaken  the 
will  and  the  intelligence,  and  slacken  the  control  of  the  emotions.  Judg- 
ment becomes  uncertain,  action  capricious,  and  temper  fretful.  The 
muscular  system  also,  in  its  enfeeblement,  weariness,  and  tremor,  shews 
a like  undoing.  As  with  the  former  agents,  here  too  there  is  a craving 
for  the  habitual  drug : without  it  insomnia  distracts  the  sufferer.  It  is 
often  wise  for  a time  to  use  another  drug  of  soporific  virtue  in  place 
of  the  old  one,  in  order  to  shunt  the  morbid  process  before  arresting  it 
suddenly.  But  all  bad  cases  of  the  kind  should  be  treated  in  some 
retreat,  whether  it  be  the  house  of  a medical  man  of  skill  and  shrewd- 
ness, or  a special  institution. 

Chloroform. — The  habit  of  chloroform  inhalation  is  especially  to  be 
dreaded ; fatal  accidents  are  not  unlikely  to  occur  in  its  use  by  the  patient, 
as  the  annals  of  too  many  households  can  testify.  Chloroform  readily 
relieves  asthma  and  other  spasmodic  affections ; and  if  the  medical 
attendant  cannot  prevent  the  use  of  this  drug  he  must  insist  that  it  shall 
never  be  self-administered. 

Chloriil  and  chloroform  differ  in  this  important  respect  from  other 
narcotics,  that  no  full  tolerance  of  them  is  established  by  habit.  However 
persistent  the  habit  may  have  been,  even  a moderate  dose  ma}’  suddenly 
prove  fatal.  The  physician  cannot  too  strongly  impress  the  treacherous 
property  of  the  drugs  upon  any  patient  who  resoi’ts  to  their  use. 
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Delayed  Chlorofoi'm  roisoniity. — It  has  now  been  conclusively  shewn 
that  after  certain  cases  of  prolonged  chloroform  narcosis,  delayed 
symptoms  of  poisoning  occur.  If  a rabbit  or  guinea-pig  bo  anwsthetised 
with  chloroform  during  a period  of  two  hours,  fatty  degeneration 
and  necrosis  of  the  liver-cells  follow,  and  in  a considerable  proportion 
death  ensues,  although  not  till  some  days  after  the  anajsthesia.  Changes 
of  a similar  nature  have  been  observed  in  man.  These  cases  of  dela^md 
poisoning  may  begin  any  time  from  tAvelve  hours  to  four  days  after 
complete  recovery  from  a prolonged  ana?sthesia.  Children  are  especially 
susceptible,  and  any  condition  which  lowers  the  %ntality  of  the  tissues 
appears  to  act  as  a disposing  cause. 

The  symptoms  generally  begin  with  vomiting,  the  pulse  being  very 
rapid  and  feeble ; not  infrequently  jaundice  is  also  present  as  an  early 
sign.  The  patient  becomes  excited,  delirium  follows  and  passes  into 
rapidly  fatal  coma : in  a few  cases  the  excitement  and  delirium  are 
absent.  The  breath  has  a characteristic  sweetish  odour,  due  to  acetone, 
and  the  imine  always  contains  diacetic  acid.  Pyrexia  is  rare,  except  just 
before  death ; albuminuria  and  casts  are  found  in  the  urine  in  a small 
proportion  of  the  cases.  Death  generally  occurs  about  the  fifth  day. 

Pathology. — Post-mortem  fatty  changes  have  been  discovered  in  the 
liver,  heart,  kidneys,  and  muscles ; the  kidneys  are  often  affected  Avith 
a mild  degree  of  inflammation.  It  is  well  knoAvn  that  chloroform  increases 
the  excretion  of  sulphates,  phosphates,  chlorides,  and  nitrogen  in  the 
urine.  This  condition  is  not  caused  by  increased  oxidation,  because  the 
excess  of  nitrogen  is  in  the  form  of  alloxuric  bases  such  as  uric  acid,  and 
as  ammonia,  Avhilst  the  sulphur  occurs  in  an  unoxidised  and  complex  form, 
as  cystin  and  related  bodies.  Associated  with  these  conditions  we  find 
acetone,  diacetic  acid,  and  /3-oxybutyric  acid  in  the  blood  and  urine ; a 
diminished  amount  of  glycogen  in  the  liver  and  tissues  generally ; and 
the  appearance  of  fat  in  the  shrunken  cells  of  the  liver  and  other  parts. 
The  augmented  nitrogenous  elimination  appears  to  be  due  to  an  increased 
acidity  of  the  blood ; diacetic,  lactic,  and  oxybutyric  acids  being  apt  to 
appear  in  any  condition  of  imperfect  oxidation.  It  may  be  supposed 
that  in  the  normal  metabolism  of  the  proteid  molecnle  a nitrogenous 
portion  is  oxidised  and  excreted  in  the  urine  as  urea,  Avhilst  a non- 
nitrogenous  portion  is  burnt  off  as  carl^onic  acid  and  water ; it  is  this 
oxidation  which  is  affected  in  chloroform  poisoning.  As  a conse- 
quence there  is  a deficiency  in  tlie  formation  of  carbonic  acid ; in  its 
place  an  accumtilation  of  fat  appears  in  the  cell,  and  such  incompletely 
oxidised  bodies  as  acetone  and  oxybutyric  acid  are  produced. 

The  problem  of  how  to  prevent  these  deaths  is  at  present  unsolved, 
although  we  have  made  a step  forward  by  recognising  their  cause.  It 
would°seem,  however,  that  just  as  the  addition  of  carbonates  to  the  food 
prevents  the  excessive  production  of  acid  in  the  tissues  in  cldoral  poison- 
ing, with  all  its  a.s.sociated  evils  (Kleine),  so  the  administration  of 
alkalis  before  chloroform  inhalatioti  may  iirevent  these  cases  of  delayed 
fKUSoriing. 
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Chloral. — Chloral  presents  certain  resemblances  in  action  to  chloro- 
form. In  moderate  doses,  10  to  30  grains,  it  produces  a condition 
identical  tvith  natural  sleeji ; in  contrast  to  morphine  it  has  no  action 
on  analgesic  areas,  and  the  reflexes  are  not  affected.  In  larger  doses, 
1 to  2 drs.,  the  patient  falls  into  a deep  sleep,  from  which  it  is  impossible 
to  arouse  him  completely ; both  sensibility  to  pain  and  the  reflexes  are 
now  diminished.  Respiration  is  very  shallow,  because  of  the  direct 
depressant  action  of  the  drug  on  the  medulla ; the  heart  is  extremely 
feeble,  and  the  blood-pressure  correspondingly  low.  Still  larger  doses 
produce  complete  anaesthesia  and  deep  coma.  Death  from  chloral 
almost  always  results  from  respiratory  failure,  although  well-marked 
and  even  dangerous  cardiac  depression  is  not  an  uncommon  occurrence. 
Chloral  causes  metabolic  changes  like  those  induced  by  chloroform ; 
tissue  metabolism  is  increased,  although  the  products  are  less  completel}' 
oxidised  than  under  normal  conditions,  and  the  gaseous  exchanges  are 
diminished.  The  prolonged  use  of  chloral  has  led  to  cachexia,  general 
depression,  fatty  degenerations,  and  other  conditions  resembling  chronic 
poisoning  by  alcohol.  It  is  mostly  excreted,  combined  with  glycuronic 
acid,  as  urochloralic  acid ; this  body  renders  the  urine  very  acid  and 
gives  most  of  the  reactions  of  glucose,  but  does  not  permit  of  fermenta- 
tion with  yeast.  A case  of  chloral  poisoning  was  recorded  by  Dr. 
Colenso,  in  v'hich  one  ounce  of  chloral  in  crystals  was  swallowed, 
yet  recovery  followed.  In  a somewhat  similar  case,  recorded  bj'^ 
Ilulke,  5 drs.  were  taken,  and  recovery  followed  after  artificial  respiration 
and  the  administration  of  hot  coffee  by  the  bowel  and  otherwise. 

Treatment  of  poisoning  by  chloral  shoidd  consist  first  in  the  evacua- 
tion of  the  stomach  by  the  tube  ; emetics  cannot  be  relied  upon,  as  the 
medulla  may  not  be  sufficiently  active  to  allow  of  vomiting.  The  patient 
should  be  wrapped  up  in  warm  blankets,  and  medullary  stimulants, 
such  as  strychnine  or  caffeine,  administered.  Artificial  respiration  must 
be  kept  up  when  necessary,  and  inhalation  of  oxygen  may  be  of  assistance. 
Small  and  frequently  repeated  injections  of  adrenalin  may  be  employed 
to  tide  over  emergencies.  For  this  pimpose  one  or  two  minims  of  the  1 
in  1000  solution,  diluted  with  10  or  20  parts  of  saline  solution,  may  be  put 
directly  into  a A'ein.  In  cases  of  emergency,  the  administration  of  alkaline 
carbonates,  hypodermically,  should  form  a routine  practice. 
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Sulphonal  is  a pure  hypnotic  and  possesses  no  analgesic  properties. 
Successive  doses  may  give  rise  to  poisonous  symptoms  from  cumulative 
action,  the  excretion  of  the  drug  being  slower  than  its  absorption.  The 
symptoms  shew  themselves  by  some  confusion  of  thought  and  hallucina- 
tions, by  gastritis  and  by  luematoporphyrinuria ; this  may  be  associ- 
ated with  a peculiar  form  of  dyspnma.  The  cherry -red  coloration 
of  the  urine  is  due  to  an  iron-free  product  formed  by  the  decomposition 
of  hiemoglobin.  These  phenomena  can  be  avoided,  according  to 
Kast,  by  intermitting  the  administration.  Tyson  and  Croftan  found 
that  the  quantity  of  hsematoporphyrin  passed  in  one  day  may  reach  even 
a quarter  of  the  total  hsemoglobiii  in  the  body,  and  although  this  amount 
is  exceptional,  still  very  considerable  amounts  are  so  lost.  Suli^honal  is 
excreted  very  slowly  as  ethyl-sulphonic  acid. 

A considerable  number  of  cases  of  poisoning  by  sulphonal  are  on 
record.  Dr.  Wright  Hardudeke  records  the  case  of  a di])somaniac 
woman,  aged  thirty-seven,  who,  after  consuming  a variety  of  strong 
alcoholic  drinks,  including  timpentine,  chewed  up  some  sulphonal  tablets 
to  the  amoimt  of  265  grains.  She  was  found  shortly  afterwards  in  a 
state  of  stupor.  Five  hours  later  she  was  seen  by  Dr.  Hardwicke,  who 
found  her  sleeping  on  her  side  with  her  knees  drawn  up,  and  the  pupils 
slightly  contracted  and  insensible  to  light.  AVhen  roused  she  smiled 
graciously,  and  lapsed  off  to  sleep  again ; she  tried  once  to  raise  herself 
in  bed,  when  she  fell  powerlessly  back  again.  Next  day  the  legs  were 
found  to  be  extended,  and  the  soles  of  the  feet  were  arched  in  a state  of 
extreme  flexion.  The  bowels  were  confined.  She  slept  from  5 P.Ji.  on 
June  1 till  5 A.M.  on  the  4th — sixty  hours ; she  did  not  regain  speech  till 
the  7th,  nor  the  power  of  locomotion  till  the  9th. 

The  other  .sulphones,  trional  and  tetronal,  may  induce  similar  symptoms 
to  those  of  sulphonal. 
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Antifebrin  (Acetanilide). — The  so-called  antipyretic  members  of  the 
coal-tar  group — antipyrin,  phenacetin,  lactophenin,  cxalgin,  autifebrin,  and 
a host  of  others — all  possess  certain  actions  in  common,  but  differ  consider- 
ably in  their  toxicity.  They  are  all,  with  the  exception  of  antipyrin, 

oxidised  in  the  body  to  para-amido-phenol  I )’  pio- 

pcjrtion  as  this  body  is  present  in  the  ti.ssucs  toxic  symptoms  are  ])roduccd  : 
antifebrin  is  the  most  readily  oxidised  and  is  much  the  most  toxic.  It  is 
tnic  that  in  some  persons  medicinal  doses  of  any  of  tlicse  drug-s  may 
produce  poi.sonous  symptom.s,  but  larger  doses  give  ri.se  to  similai 

symptoms  in  all  people.  ... 

Poi-soning  by  these  drugs  often  begins  with  catarrh,  burning  in  the 
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mouth,  nausea,  and  vomiting.  The  cutaneous  vessels  are  dilated,  the 
skin  is  covered  mth  a profuse  perspiration,  and  not  infrequently  rashes 
resembling  those  of  scarlatina,  measles,  or  urticaria  may  be  seen.  The 
face  usually  becomes  livid  from  the  formation  of  methaemoglobin,  and 
in  the  more  severe  cases  blood  can  be  detected  in  the  urine.  But 
methremoglobin  formation  is  not  the  only  cause  of  the  cyanosis,  because 
cyanosis  may  occur  when  no  methajmoglobin  is  present.  This  condition 
is  accompanied  by  dyspnoea  and  acceleration  of  the  pulse,  and  may  last 
from  a few  hours  to  several  days.  By  far  the  most  serious  symptoms 
are  attacks  of  fainting,  which  on  rare  occasions  have  been  followed  by 
collapse  and  death.  The  fatal  cases  of  collapse  which  are  on  record 
have,  with  few  exceptions,  been  febrile  cases,  and  the  fatal  termination 
cannot  be  regarded  as  entirely  the  result  of  the  depressant  action  of  the 
drug  on  the  medulla.  It  is  well  known  that  if  the  body-temperature 
be  suddenly  lowered  shivering  and  rigors  supervene,  from  an  attempt 
of  the  part  of  the  centre  to  increase  the  production  of  heat.  Moreover, 
if  the  stimulus  of  fever  be  suddenly  removed  there  is  a greater  tendency 
for  the  partly  exhausted  nervous  and  circulatory  systems  to  fail  and  so 
aid  in  the  collapse.  Collapse  is  characterised  by  very  shallovr  respiration, 
an  almost  imperceptible  and  very  rapid  pulse,  and  a subnormal  tempera- 
ture. Para-amido-phenol  is  excreted  in  the  urine  combined  with  sulphuric 
or  glycuronic  acid,  and  gives  the  urine  a smoky  tint,  although  a like  tint 
may  arise  from  methoemoglobin.  The  condition  of  the  circulatory  system 
is  the  chief  source  of  anxiety  in  these  cases  of  collapse.  The  splanchnic 
vessels  become  enormously  dilated,  and  the  great  bulk  of  blood  lies 
stagnant  in  the  circulation. 

Treatment  should  consist  in  the  application  of  warmth  to  the  surface 
of  the  body  and  the  internal  administration  of  circulatory  and  nervous 
stimulants.  As  a circulatory  stimulant  perhaps  tincture  of  squill  is  the 
best,  for  it  raises  the  blood-pressure  and  constricts  the  vessels  more  than 
the  other  members  of  the  digitalis  group.  To  ensure  absorption  it  should 
be  injected  deeply  into  the  subcutaneous  tissues. 


Tob.\cco 

The  effects  of  tobacco,  for  better  or  for  worse,  are  so  well  known  that 
it  is  not  necessary  to  delay  the  reader  by  a long  description  of  them. 

Acute  poisoning  by  tobacco  can  only  occur  by  so  strange  a mischance 
that  this  part  of  the  subject  certainly  need  not  be  dealt  with  at  length.  If 
tobacco  were  swallowed  in  poisonous  doses,  the  stomach -tube  must  of 
course  l^e  used,  and  tannin  may  be  administered  to  neutralise  the 
nicotine.  The  resulting  symptoms  must  be  treated  by  stimulants,  such 
as  subcutaneous  injections  of  ether  and  the  like.  The  enema  of  tobacco, 
once  employed  in  medicine,  was  apt  to  be  followed  by  dangerous  con- 
sequences, and  has  properly  fallen  into  disuse.  “ Every  schoolboy 
knows  ” the  deadly  pallor,  the  cold  sweat,  the  horrible  nausea,  and,  if 
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he  go  farther,  the  diarrhiva  and  collapse  which  follow  the  first  doses  of 
the  drug. 

Chronic  tobacco  poisoning,  now  that  snntV-taking  has  practically  ceased, 
is  met  Avith  in  smokers  only.  That  tobacco  used  moderately  is  generally 
injurious  seems  improbable,  at  anj'  rate  the  mischief  of  it  is  not  proved. 
The  consumption  of  the  drug,  even  in  considerable  cpiantities,  as  he  who 
runs  may  see,  is  in  many  pei-sons  compatible  with  excellent  health  and 
with  the  propagation  of  sound  progeny.  Observers  who  assert  the 
contrary  point  to  town-bred  youths,  in  Avhom  other  mischievous  factors 
are  at  work.  Thus  used,  tobacco  is  not  injurious  to  most  ijersons,  and 
has  its  indirect  benefits  in  soothing  fatigue  and  restlessness.  It  is, 
however,  as  true  of  tobacco  as  of  other  agents  affecting  the  nervous 
system,  that  the  personal  equation  is  to  be  regarded.  The  quantity 
consumed  with  impunity  by  one  man  is  poisonous  to  another ; eaeh 
smoker  must  estimate  his  own  resistance  and  regulate  his  doses  accord- 
ingly. Vertiginous  sensations,  tremor,  treachery  of  memory  or  of  utter- 
ance, cardiac  tlutterings,  insomnia,  should  be  at  once  regarded  as  warnings. 
If  a smoker  who  is  not  quite  a no\dce  become  aware  of  such  symptoms 
he  ma}’  be  assured  that  he  is  not  endowed  with  much  tolerance,  and 
must  smoke  with  caution.  Probably  all  persons  by  persistent  effort 
•can  establish  some  measure  of  tolerance ; but  the  susceptible  person 
remains  relatively  obnoxious  to  the  drug,  and  is  more  likely  to  suffer 
from  evil  consequences  than  others  more  hardily  constituted  in  this 
respect. 

Tobacco  smoke  contains  several  poisonous  bodies,  pyridine  bases, 
hydrocyanic  acid,  collidine,  and  some  higher  homologues  of  nicotine. 
A recent  analysis  of  cigarette  smoke  obtained  by  means  of  an  aspirator 
gave  the  follomng  results  for  1 00  grammes  of  original  tobacco  consumed  : 
HCX  0'080  per  cent,  pyridine  0T46  per  cent,  nicotine  IT 65  per  cent, 
XH3  0-360  per  cent,  CO  410  cc.  The  smoke  usually  contained  about 
50  per  cent  of  the  nicotine  originally  in  the  tobacco ; but  the  qvrantity 
varied  according  to  the  length  of  the  mouth-piece.  All  the  ill-effects  of 
e.xcessive  smoking  can  be  explained  by  the  presence  of  nicotine  and  pyri- 
dine bases. 

To  undei-stand  properly'  the  ill  - effects  of  tobacco  in  those  in 
whom  the  use  has  become  habitual,  it  is  necessary  in  the  first 
place  to  describe  the  way  in  which  nicotine  acts.  This  alkaloid 

first  excites  and  later  depresses  the  sympathetic  nerve -cells  through- 
out the  body.  The  circulatory  system  shews  these  effects  dui-ing  the 
sU"e  of  stimulation  by  cardiac  slowing  (excitation  of  the  intracardiac 
va^al  cells),  v;iso-constriction,  and  a coirsiderable  rise  of  blood-pressure. 
Blit  in  the  later  and  more  jironounced  stage  of  depression,  the  heart-beat 
is  quickened  by  the  paralytic  action  on  the  intracardiac  ganglia  and  the 
blcKKl-pressure  falls,  from  vaso-dilatotion.  In  man  cigar-smoking  produces 
a distinct  though  not  very  considerable  rise  in  arterial  jircssure.  When 
the  smoking  ce^es  the  pressure  rapidly  falls  somewhat  below  the  normal. 
Ik)veri,  by  the  intnivcnous  injection  of  a 10  per  cent  infusion  of  tobacco 
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into  rabbits,  succeeded  in  producing  atheroma  of  the  vessels.  There  is  no 
ditticulty,  as  we  ourselves  have  shewn,  in  producing  well-mai'ked  atheroma 
in  rabbits  by  the  intravenous  injection  of  any  drug  Avhich  considerably 
augments  the  blood-pressure.  Thus  adrenalin,  ergot,  nicotine,  and  squill 
may  all  induce  this  condition.  In  all  the  conditions  mentioned  the  rise 
in  blood-pressure  Avas  transient,  never  lasting  for  more  than  a fcAv  minutes, 
and  the  arterial  degeneration  appeared  to  depend  upon  sudden  and  violent 
A'aso- constriction.  These  conditions  do  not  obtain  AA^hen  tobacco  is 

smoked,  and  there  is  no  experimental  and  not  much  clinical  evidence  that 
smoking  disposes  to  atheroma. 

The  movements  of  plain  muscle  throughout  the  body  are  first  in- 
hibited and  later  augmented,  because  of  the  early  stimulation  and  later 
depression  of  the  nerve-cells.  Peristalsis  is  slightly  increased  by  removing 
inhibitory  influences,  and  hence  the  after-breakfast  pipe.  On  the  central 
nenmus  system  the  main  action  of  nicotine  is  to  facilitate  the  passage  of 
impulses,  so  that  reflexes  are  increased  and  sometimes  strychnine-like 
convulsions  have  been  observed.  Degeneration  of  the  cells  of  the  anterior 
cornua  have  been  described  by  Vas  in  rabbits  dosed  Avith  nicotine. 

Among  the  slighter  consequences  of  tobacco  are  decay  of  the  teeth, 
giddiness,  sleeplessness,  muscular  tremors,  generally  of  a fine  rhythmical 
kind,  and  chronic  granular  pharyngitis.  The  inflammation  of  the 
throat  and  trachea  leads  to  hoarseness  and  excessive  secretion  from  the 
mucous  glands,  and  is  no  doubt  due  to  the  pyridine  bases,  because 
the  products  of  dry  distillation  of  almost  any  leaves  Avill  produce  the 
same  effect.  It  is  probable,  however,  that  the  importance  of  tobacco 
smoke  in  pi'oducing  diseases  of  the  throat  has  been  grossly  exaggerated. 
In  respect  of  severer  consequences  there  is  still  some  difference  of  opinion  : 
most  people  are  agreed  that  Avith  one  exception,  namely,  atrophy  of  the 
optic  nerve,  the  degenerative  diseases  of  the  central  nervous  system — 
such  as  tabes  and  the  like — formerly  attributed  to  tobacco  Avere  but 
coincidences.  Tobacco  amaurosis  seems  to  stand  alone  among  mischiefs 
so  grave.  For  a further  description  of  this  affection  the  reader  should 
consult  the  article  on  medical  ophthalmology  (vol.  vi.  p.  845). 

On  the  mucous  membrane  of  the  mouth  and  tongue  Ave  have  A’^ery  certain 
evidence  that  nicotine  may  produce  either  a superficial  or  chronic  glossitis, 
but  Avhether  epithelioma  of  the  lip  be  a direct  consequence  of  tobacco 
smoking  is  an  open  question  ; so  many  persons  smoke  regularly  that  it  is 
difficult  to  apply  the  method  of  concomitant  variations  in  this  case.  It 
is  probable  that  in  a person  so  disposed,  the  careless  use  of  a short  or  hot 
pipe  may  favour  the  manifestation  of  this  evil.  In  a person  not  so  dis- 
posed it  seems  improbable  that  the  evil  would  thus  be  induced. 

Of  lesser  ills  vertigo  is  not  a A-ery  uncommon  sign  of  excess  or  of 
intolerance  of  tobacco.  It  may  be  so  scA^ere  as  to  disable  the  sufferer,  or 
even  to  throAV  him  into  bed.  This  symptom  Ave  have  noticed  rather  in 
those  Avho  smoke  cigarettes,  perhaps  because  in  this  practice  the  smoke  is 
generally  inhaled.  It  must  not  be  forgotten  also  that  cigarette  smokers 
get  through  a great  deal  of  tobacco  ; tAventy  cigarettes  a day  is  a common 
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allowance,  and  fifty  by  no  means  an  unknown  one.  But  the  symptoms 
may  appear  on  the  use  of  a i)ipe  or  cigar. 

Kjellberg  has  described  a peculiar  psychological  state,  in  which 
hallucinations  of  sight  and  hearing  obtain,  and  in  which  the  patient 
piisses  through  psychical  waves  of  exaltation  and  depression ; this  con- 
dition he  states  is  more  likely  to  be  induced  by  chewing  than  smoking. 
After  vertigo  symptoms  referable  to  the  stomach  and  heart  are  most 
frequently  found.  A grinding  pain  of  a peculiarly  disquieting  kind  may 
come  on  fifteen  to  thirty  minutes  after  food : this  pain  we  believe  to  be 
due  to  hyperacidity,  because  it  is  relieved  by  alkalis,  and  also  by  taking 
food  again,  as  in  the  dyspepsia  of  hyperchlorhydria.  Flatulence  of  the 
stomach  is  often  met  with  in  smokers,  but  usually  in  connexion  with 
irregularity  of  the  heart ; this  flatulence  is  often  met  with  in  other  afl’ec- 
tions  of  the  heart,  and  it  is  hard  to  apportion  the  causative  relation  between 
the  two  events.  Cardiac  irregularity  is  a frequent  consequence  of  tobacco 
smoking,  lagging  and  intermission  being  the  earlier  forms  of  it.  One  case 
is  known  to  us  of  a man  whose  general  health  is  excellent,  who  is  by  no 
means  a neiu’otic  subject,  and  whose  heart  stands  work  rvell  in  all  other 
respects,  in  whom  intermittence  of  the  heart  may  occur  for  many  days  if 
he  remain  for  an  hour  or  two  in  a room  with  many  smokers.  He  dare 
not  sit  in  a close  smoking  room  or  in  the  smoking  compartment  of  a 
railway  carriage.  The  intermittence  may  not  begin  until  the  next  day, 
or  the  next  but  one,  but  then  comes  on  ■with  the  certainty  of  a labora- 
tory experiment;  it  gets  worse  during  the  next  day  or  two,  and  then 
gradually  passes  off  in  a few  more  days.  He  never  suffers  from  any 
cardiac  disorder  unless  exposed  to  tobacco,  but  this  proclivity  has  hung 
about  him  for  many  years.  He  has  no  dislike  to  the  drug,  nor  does 
he  feel  any  immediate  discomfort  from  it.  In  smokers,  even  in  those 
who  smoke  not  immoderately,  this  proclivity  is  common  enough. 
Prof.  Allbutt  has  described  the  symptoms  in  two  brothers  of  about  thirt}^ 
years  of  age  who  came  to  him  for  life  assurance.  They  were  both  fine 
vigorous  men  of  good  family  stock,  and  they  were  naturally  much  nettled 
by  his  declining  them.  After  lea'ving  off  tobacco  for  four  or  five  weeks 
the  intermittence  disappeared.  Cardiac  irregularity  under  the  influence 
of  tobacco  is  not  confined  to  intermittence ; it  may  go  on  to  utter  dis- 
order both  in  rate  and  rhythm  (delirium  cordis).  The  usual  form  is  for 
two  or  three  strong  or  thi’obbing  pulses  to  be  followed  b}”^  a run  of  small 
quick  ones ; the  blood-pressure  being  low  in  all.  Occasionally  in  inter- 
mittency  the  stops  may  have  a regular  distribution,  as,  for  instance,  at 
every  third  or  fifth  interval.  “ Tobacco  hearts  ” are  common  enough  in 
young  men  who  smoke  freely  before  becoming  thoroughly  seasoned.  The 
main^fejiture  in  these  youths  is  palpitation,  the  pulse  being  usually 
fpiickened  from  interference  with  vagal  ganglia.  The  heart  has  a laboured 
and  hesitating  gait,  different  from  the  ordinary  “young  man’s  heart  " and 
from  the  effects  of  organic  disease.  The  hesitation  is  usually  accompanied- 
by  a sen.se  of  discomfort  referred  by  the  patient  to  the  cardiac  region,  prob- 
ably to  the  heart.  In  tobacco  intermittence  the  patient  is  always  conscious 
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of  the  stop  and  roll  forward,  a sensation  which  in  disease  of  the  muscular 
tissue  of  the  organ  is  not  always  but  generally  absent.  The  discomfort  in 
the  cardiac  region  is  the  fii’st  symptom  to  be  noticed.  In  still  more 
advanced  cases  the  quickening  and  arrhythmia  may  be  extreme,  and  the 
condition  resemble  that  of  delirium  cordis ; in  these  cases  sudden 
sjmcope  may  occur. 

Insomnia  is  said  to  be  a consequence  of  smoking  tobacco  in  ccrtiiin 
circumstances.  Every  smoker  knows  that  a sti’onger  cigar  than  usual 
may  keep  him  awake ; and  it  is  alleged  that  the  ordinary  nse  of  the  drug 
may  act  thus  as  an  excitant  in  one  whose  bi’ain  is  unusually  susceptible, 
or  is  in  a state  of  irritability  from  overwork  or  anxiety.  Usually  the 
effects  of  tobacco  are  soothing  and  favour  sleeii ; yet,  like  other  narcotics, 
tobacco  has  its  effects  of  stimulation. 

The  last  group  of  symptoms  of  chronic  poisoning  by  tobacco  which  we 
shall  discuss  is  the  group  of  neuralgias.  These  are  of  some  importance, 
as  until  the  cause  is  removed  the  pain  may  be  recurrent  and  severe,  and 
sometimes  the  cause  is  not  hit  upon.  In  one  smoker  we  remember  the 
neuralgia  was  seated  in  the  anterior  crural  nerve  and  was  acutelj'^  lancinat- 
ing. Happily  the  suspicion  of  tobacco  was  awakened ; in  abstinence  he 
found  perfect  relief,  and,  as  a return  to  tobacco  was  repeatedl}'^  found  to 
recall  the  pain,  he  determined  to  remain  abstinent  and  well.  In  other 
cases,  and  much  more  commonly,  the  pain  is  about  the  intercostals,  and 
the  humeral  and  scapular  regions.  Dr.  Judson  Bury  records  peripheral 
neuritis  as  a rare  consequence  of  the  use  of  tobacco. 

A violent  and  alarming  form  of  this  jDain  is  the  so-called  tobacco 
angina,  described  by  Peter  and  many  others.  There  is  not  much  difficulty 
in  distinguishing  tobacco  angina  from  the  form  which  depends  upon 
cardio- vascular  disease;  but  the  diagnosis  is  not  to  be  made  by  the 
mildness  of  the  pain.  The  most  frightful  attack  of  tobacco  angina  (if  so 
it  is  to  be  called)  that  we  ever  saw  was  in  a gentleman  then  no  longer 
young  (about  55  or  60),  Avho  informed  us  that  he  often  smoked  as  many 
as  twenty  cigars  a day.  While  in  the  consulting  room  he  fell  into  a fit 
of  the  “ angina,”  which  Avas  so  severe  as  to  make  him  writhe  off  his  seat 
and  over  the  edge  of  a couch  to  the  floor.  He  pressed  his  hand  to  his 
heart,  groaning  piteously,  if  that  could  be  piteous  Avhich  Avitnessed  in  his 
favour.  No  man  in  an  attack  of  true  angina  Avrithes  or  groans  aloud ; 
nor  does  a true  attack  last  long  enough  for  manoeuvres  of  this  kind.  The 
note  of  angina  pectoris  is  terror-stricken  stillness ; the  patient  dare  not 
even  breathe,  lest  he  die  in  the  act.  Moreover,  except  in  the  rare 
“ chronic  ” form  of  angina  pectoris,  the  attack  docs  not  last  so  long  as  in 
the  tobacco  form ; and  in  chronic  angina  there  is  rather  a persistent 
series  of  attacks  than  one  attack  of  long  duration.  Yet  the  tobacco 
seizure  likcAvise  may  sometimes  be  startling  in  its  suddenness,  and  in  its 
likeness  to  angina  pectoris.  Tobacco  angina  mnst,  hoAvever,  be  regarded 
as  extremely  rare,  since  Professor  Osier’s  experience  in  1897  AAms  limited 
in  tAvo  cases  Avhich  he  regarded  as  belonging  to  the  toxic  or  A^asomotoral 
group  of  atiginas.  Post-mortem  examinations  in  these  cases  are  neces- 
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sarily  very  rare  and  very  ambiguous,  but  besides  arteriosclerosis  Fararger 
has  described  fatty  heart  iu  a patient  who  had  killed  himself  by  excessive 
smoking. 

T.obacco,  in  common  with  most  kinds  of  chronic  poisoning,  tends 
to  ana?mia;  this  character  should  put  a smoker  on  his  guard.  It  is 
useless  to  go  into  the  treatment  of  chronic  poisoning  by  tobacco ; there  is 
but  one  means  of  cure,  namely,  to  stop  the  practice  of  using  it  in  any 
form.  In  our  opinion  he  who  habitually  poisons  the  structures  of  his 
heart  is  on  the  way  to  dilate  it,  or  to  produce  other  statical  deterioration 
of  the  org-an.  The  way  may  be  a long  one,  but  we  have  seen  many  pil- 
grims far  advanced  upon  it.  Even  if  the  patient  submit  frankly  to  give 
up  tobacco  his  heart  may  long  remain  irregular;  Ave  have  reason  to 
suspect  that  in  some  cases  occurring  late  in  life  perfect  rhythm  is  never 
recovered. 
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Tea  and  Coffee 

It  is  a remarkable  and  at  present  unexplained  fact  that  almost 
all  nations,  unciidlised  as  well  as  civilised,  should  have  chosen  as 
national  beverages  infusions  or  extracts  of  plants  containing  one  or 
more  alkaloids  related  to  xanthine.  It  is  the  more  remarkable  as  these 
bodies  possess  neither  characteristic  taste  nor  odour  to  guide  to  the 
selection  of  the  plants  in  ivhich  they. exist.  Coffee  from  Ai’abia  and  tea 
from  China  both  contain  caffeine ; cocoa  ivhich  comes  from  central  and 
South  America  contains  theobromine  or  dimethyl-xanthine, — caffeine  being 
trimethyl-xanthine.  From  central  Africa  we  get  the  kola  nut  containing 
caffeine  and  a little  theobromine ; from  Brazil,  Guarana  paste,  which  also 
contains  caffeine  and  theobromine ; and  from  the  Argentine  Republic, 
Paraguay  tea,  Avhich  contains  a little  caffeine. 

It  were  an  idle  thing  to  AVTite  at  large  upon  these  articles  of  common 
consumption ; every  houseAvife  may  claim  to  knoAv  as  much  of  their 
virtues  as  the  physician.  A fcAv  points  seem,  hoAvever,  to  be  Avorth 
discu.ssion. 

Tea  and  coffee  are  nervine  stimidants  Avithout  narcotism.  It  Avould 
seem  that  in  their  case  the  Avork  of  the  nervous  matter  is  increased 
directly,  not  let  loose  hy  narcotism  of  controlling  centres,  as  seems  to  be 
the  case  with  some  of  the  drugs  previously  described.  Caffeine  exerts  its 
action  mainly  upon  the  higher  centres  in  the  brain,  on  tliosc  parts  con- 
nected with  psychical  functions.  It  seems  to  act  by  facilitating  the 
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perception  of  sensory  stimuli  and  the  association  of  ideas.  Mental 
activity  is  increased,  the  intei’pretation  of  sensory  impressions  is  more 
perfect  and  precise,  and  thought  is  rendered  clearer  and  cpiicker  than  in 
the  normal  state.  Caffeine  also  facilitates  the  performance  of  physical 
work.  Expei’iments  have  been  conducted  on  soldiers  who  v'cre  required 
to  march  a fixed  distance  with  all  their  kit ; and  it  was  found  that  they 
could  perform  more  work  with  less  fatigue  when  marching  on  some 
beverage  containing  caffeine  than  on  beef-tea  or  alcohol.  This  stimula- 
tion may,  as  is  usual  in  such  cases,  be  followed  by  exhaustion ; according 
to  the  degree  of  the  previous  stimulation.  When  taken  in  moderation, 
however,  this  reaction  seems  either  not  to  be  felt,  or  to  be  so  slight  as 
not  to  be  noticed ; in  ordinary  use  the  stimulant  seems  to  be  clear  gain. 
In  not  a few  persons,  however,  evil  consequences  are  manifest  enough. 
Another  interesting  point  of  distinction  is  that  tea  and  coffee,  unlike 
tobacco,  get  no  strong  hold  upon  the  users  of  them.  A very  few  persons 
may  find  a difficulty  in  breaking  their  favourite  habit,  but  even  these 
would  be  ashamed  to  admit  that  they  coidd  not  do  so  if  necessary. 

As  also  in  the  case  of  tobacco,  the  tolerance  of  individuals  differs 
^'ery  widely.  Some  persons  will  and  do  drink  strong  tea  or  coffee  for 
breakfast,  luncheon,  at  five  o’clock,  and  again  after  dinner ; and,  so  far 
as  one  can  tell,  with  impunity.  Others  cannot  touch  tea  even  once  a 
day  without  disagreeable  consequences,  such  as  malaise,  restlessness, 
excitement  of  mind,  followed  by  confusion  and  depression ; and  so 
forth.  Coffee  makes  itself  felt  as  an  evil  more  readily  than  tea,  perhaps 
because  it  is  taken  in  a stronger  infusion  or  decoction,  or  is  absorbed 
more  readily. 

The  active  principle,  common  to  tea  and  coffee,  is  probably  the  main 
cause  of  the  insomnia  which  is  due  to  the  use  of  these  articles.  But 
caffeine  eannot  be  the  only  cause,  or  even  the  chief  cause,  of  the  other 
ill  effects  which  follow  the  abuse  of  these  beverages,  because  these  do 
not  all  follow  the  use  of  caffeine  in  its  pure  state  ; nor  are  the  symptom- 
groups  in  tea  and  coffee  poisoning  identical,  as  they  ought  to  be  if 
the  poisonous  principles  in  the  two  be  identical.  Coffee  contains  less 
than  1 per  cent  caffeine,  which  is  all  extracted  when  making  the 
beverage,  so  that  an  average  cup  of  coffee  contains  from  1 to  3 grains  of 
caffeine.  Volatile  substances  are  also  present  which  have  the  effects  of  the 
essential  oils  : it  is  probaldy  by  the  presence  of  such  bodies  that  the  after- 
dinner  coffee  promotes  the  feeling  of  comfort  and  well-being.  Coffee, 
also  probably  on  account  of  its  volatile  oil,  augments  peristalsis ; caffeine 
has  no  such  effect. 

We  have  seen  several  well-marked  cases  of  coffee  excess,  and  its 
symptoms  are  not  without  character.  The  sufferer  is  tremulous,  and 
loses  his  self-command ; he  is  subject  to  fits  of  agitation  and  depression  ; 
he  loses  colour  and  has  a haggard  appearance.  The  appetite  falls  off, 
and  symptoms  of  gastric  catarrh  may  be  manifested.  The  heart  also 
s\iffers  \ it  palpitates,  or  it  intermits.  As  with  other  such  agents  a 
renewed  dose  of  the  poison  gives  temporary  relief,  but  at  the  cost  of 
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future  misery.  Such  persons,  when  assured  that  the  cause  of  their 
troubles  is  coffee,  will  abandon  the  use  of  it  without  much  unwillingness, 
in  which  case  they  are  restored  to  health  in  a short  time.  In  Watson’s 
language,  by  renouncing  coffee  they  may  get  rid  of  their  palpitation  and 
of  their  apprehensions  together.  Neither  tea  nor  coffee  causes  palsy. 

The  effect  of  caffeine  on  the  circulatory  system  is  often  misunder- 
stood. On  the  heart  its  most  characteristic  action  is  acceleration,  the 
force  of  couti-action  being  only  slightly  affected.  In  larger  doses  the  rate 
of  the  beat  is  still  further  quickened  by  exaggerating  the  irritability  of 
that  portion  of  the  heart-muscle  (excito- motor  area)  which  gives  the 
rhythm  to  the  heart : as  the  acceleration  increases  the  muscle  no  longer 
has  time  to  relax  properly  during  diastole,  and  ultimately  the  heart 
enters  into  delirium  cordis.  But  caffeine  also  stimulates  the  medulla, 
and  for  a time  during  the  early  stages  of  caffeine  poisoning  the  vagal 
centre  holds  the  heart-beat  in  check ; and  so  we  find  cardiac  irritability 
and  irregtilarity,  intermittence  and  palpitation.  In  the  early  stages  of 
poisoning  the  stimulation  of  the  medulla  causes  vaso-constriction  and  a 
rise  in  the  general  systemic  blood-pressm-e.  But  caffeine  has  also  a very 
profound  action  on  the  vessels  directly,  which  it  tends  to  dilate,  and  the 
battle  for  the  blood-vessels  which  is  continually  going  on  results  first  in 
a victory  for  the  centre  with  vaso-constriction  and  a rise  in  pressure  ; 
but  later,  particularly  when  the  central  action  is  wearing  off,  the  peri- 
pheral effect  becomes  the  more  pronounced,  and  decided  vaso-dilatation 
ensues  with  some  fall  in  the  pressure. 

Tea  contains  from  2 to  4 per  cent  caffeine ; but,  as  compared  with 
coffee,  much  less  is  taken  up  in  preparing  the  beverage,  the  alkaloid  being 
not  so  readily  extracted.  Hence  an  ordinary  cup  of  tea  contains  much 
the  same  amount  of  caffeine  as  an  ordinary  cup  of  coffee.  Tea  contains 
about  7 per  cent  tannin,  and  although  a good  cup  should  contain  little 
of  the  astringent,  yet  it  is  probable  that  sufficient  may  be  present  to 
delay  the  absorption  of  the  caffeine.  ■ Tea  likewise  affects  the  heart,  but 
not  so  promptly  and  directly  as  coffee ; tea  seems  rather  to  afiect  the 
stomach.  Many  obscure  cases  of  gastralgia  are  due  to  tea,  as  also 
dyspepsm  of  the  .so-called  atonic  kind.  Besides  the  sleeplessness  caused 
by  either  drug,  tea  has  appeared  to  us  to  be  especially  efficient  in  pro- 
ducing nightmare  with  groanings,  startings,  and  even  hallucinations  which 
may  be  alarming  in  their  intensity.  Another  peculiar  quality  of  tea 
is  to  produce  a strange  and  extreme  degree  of  physical  depression.  An 
hour  or  two  after  breakfast,  at  which  tea  l^as  been  taken,  at  a time  when 
the  energies  of  the  system  should  be  at  their  best,  a grievous  sinking, 
referred  chiefly  to  the  epigastrium,  may  seize  upon  the  sufl'erer,  so  that 
even  to  speak  is  an  effort  \ the  blood  seems  to  leave  the  lips,  juid  the 
speech  may  become  weak  and  vague.  Or  gastralgia  and  palpitation,  if  the 
mahuly  take  that  form,  may  be  so  acute  as  to  di.sable  the  sufferer  for  a 
while.  Confusion  anrl  giddiness  may  add  to  his  troubles.  By  miseries 
such  as  these  the  best  years  of  life  may  be  spoilt,  uidcss  the  .sufferer 
finfl  his  way  to  a physician  who  recognises  the  cause,  and  by  removal  of  it 


988 


SySTJEM  OF  MEDICINE 


sets  the  patient  free.  The  astringent  matters  contained  in  the  infusion  of 
tea  promote  constipation.  The  anicmia  often  seen  in  such  cases  is  in  part 
indirect,  and  due  to  the  substitution  of  tea  or  coffee  for  good  food.  Acne 
rosacea  is  said  by  some  writers  to  arise  under  the  influence  of  tea^and  coffee; 
however  this  may  be,  it  is  wise  to  substitute  cocoa  in  cases  of  this  affection. 
In  out-patient  practice  in  the  northern  hospitals  of  England,  very  obstinate 
cases  of  atonic  dyspepsia,  with  sallowness,  loss  of  flesh  and  low  spirits,  occur 
in  men  in  whom  no  such  ailments  would  be  expected.  In  our  experience 
this  malady  has  shewn  itself  especially  in  miners  and  engine-drivers. 
The  state  is  a grave  one,  and  leads  gradually  to  the  loss  of  working  power, 
so  that  at  fifty  years  of  age  such  a patient  may  become  both  useless  and 
miserable.  This  state  is  largely  attributable  to  the  use  of  tea  by  the 
canful ; the  tea  is  l:>y  no  means  weak,  and  too  often  it  takes  the  place  of 
nourishing  food.  Unhappily  the  mischief  has  often  gone  too  far  before 
the  cause  is  found  out  and  removed. 

T.  Clifford  Allbutt. 

W.  E.  Dixon. 

REFERENCES 

1.  Kraepelix.  “Ueberdie  Beeinttiissung  einfaclier  psychischer,”  Vorgange  durch 
einige  Arzncimiltel.  Jena,  1892. — 2.  Hoch  u.  Kraepelix.  Psych.  Arh.  i.  p.  378. — 
3.  Fischer.  Ber.  d.  deutsch  Chein.  Gescl.  xxs.  p.  649. — 4.  v.  FCrth.  Arch.  f.  exp. 
Path.  u.  Pharm.  xxxvii.  p.  389. — 5.  v.  Schroeder.  Ibid.  xxii.  p.  39,  and  x.\iv. 
p.  85. 

T.  C.  A. 

W.  E.  D. 


METALLIC  AND  SOME  OTHER  FORMS  OF  POISONING: 
INCLUDING  POISONOUS  TRADES 

By  Thomas  Oliver,  M.D.,  F.R.C.P. 

Phosphorus. — Until  within  the  last  three  years  suicidal  poisoning  by 
jihosphorus  had  been  increasing  in  this  country.  During  the  ten  years 
ended  1903  there  were  152  deaths  in  England  and  Wales  caused  by 
phosphorus,  72  of  which  were  the  result  of  accidental  and  industrial 
phosphorus  poisoning  and  80  of  suicide.  Included  in  the  accidental  and 
industrial  cases  of  phosphorus  poisoning  are  the  deaths  of  several 
children.  Of  the  deaths  by  suicide  20  were  males  .and  60  females. 
By  dividing  the  decennium  into  halves  we  find  that  between  1894 
and  1898  inclusive  79  deaths  were  caused  by  phosphorus,  of  ivhich  35 
or  43 ‘3  per  cent  were  suicidal,  while  for  the  five  years  ended  1903, 
although  there  were  feiver  deaths,  viz.  75,  of  these  45  or  62'6  per  cent 
were  suicidal.  The  ease  and  cheapness  with  Avhich  people  can  jirocure 
phosphorus  from  lucifer  matches  partly  exjilain  why  this  poison  is 
resorted  to  by  the  poorer  classes  for  suicidal  purposes.  It  is  gratif3^ing, 
on  the  other  hand,  to  observe  that  the  number  of  cases  of  .accidental  and 
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industrial  phosphorus  poisoning  fell  from  44  for  the  five  years  ended 
1898  to  28  for  a similar  period  ended  1903 — a circumstaueo  which  is 
largely  due  to  Home  Office  regulations  and  to  the  substitution  of  the 
comparatively  speaking  innocuous  sesquisulphide  of  phosphorus  for  the 
dangerous  white  in  the  manufacture  of  lucifer  matches.  The  more 
general  use  of  this  substance  for  heading  matches  will  be,  followed  b}’^  a 
reduction  in  the  number  of  cases  of  suicidal  poisoning.  As  a further 
indication  of  the  trend  of  the  times  it  may  be  mentioned  that  at  an 
International  Congress  of  delegates  of  most  of  the  European  governments 
held  in  Berne,  May  1905,  the  total  prohibition  of  white  phosphorus  in 
the  manufactui’e  of  lucifer  matches  was  recommended.  There  is  a vary- 
ing amount  of  phosphorus  in  matches.  Eoughly  speaking,  one  pound 
of  phosphorus  will  head  1,000,000  matches.  In  100  match-heads 
Mayet  found  55  mgrms.  of  phosphoras;  and  Conning  found,  in  English 
matches,  32  to  34  mgrms.,  in  Belgian  38.  In  Miinzer’s  cases  each  match 
contained  0'5  mgi-m.  of  pure  phosphorus,  so  that  100  matches  would 
readily  cause  death,  for  7'5  mgrms.  (0T16  grain)  have  proved  a fatal 
dose.  Many  of  the  vermin  pastes  sold  in  the  shops  contain  as  much  as 
from  1 to  2 per  cent  of  phosphorus,  and  these  are  always  within  easy 
reach  of  the  public.^ 

Commercial  phosphorus  is  obtained  from  calcined  bones  by  remoHng 
the  lime  with  sulphuric  acid  and  deoxidising  the  residuum  ■ndth  charcoal. 
It  occurs  in  the  form  of  waxy  semi-transparent  sticks,  which  are  usually 
preserved  under  water.  It  gives  off  a peculiar  alliaceous  odour  and  takes 
fire  at  100°  F.  Though  usually  spoken  of  as  insoluble  in  water  it  has 
been  experimentally  proved  that  water  dissolves  a small  quantity  of  it, 
that  bile  has  a stronger  solvent  influence  upon  it,  and  that  the  solubilit}’ 
of  phosphorus  in  each  increases  with  elevation  of  temperature.  It  is 
soluble  in  bisulphide  of  carbon,  oils,  and  chloroform.  Phosphorus  exists 
in  several  aUotropic  forms,  of  which  the  red  or  amorphous  is  the  most 
common.  This  form  does  not  take  fire  at  the  ordinary  temperature,  and 
it  is  non-poisonous ; hence  the  Swedish  matches  made  with  it  are  harm- 
less. Phosphorus  unites  with  hydrogen  to  form  phosphine  or  phos- 
phuretted  hydrogen — a very  dangerous  gas. 

It  is  the  “ white,”  or,  as  it  is  sometimes  called,  the  “ yellow  ” phos- 
phorus which  is  the  principal  cause  of  phosphorus  poisoning.  The 
trichloride  of  phosphorus  is  employed  in  some  industries,  but  in  very 
small  quantities.  In  the  chemical  laboratory  this  substance  has  been 
the  cause  of  poisoning.  Butjagin  exposed  animals  to  an  atmosphere 

’ In  NewcaKtle-uiKjii-Tyne  the  number  of  ca.se.s  of  plioaplioni.s  poi.soning  Iins  been  liirge^ 
In  the  ten  years  ended  1894,  50  cases  were  admitted  into  tlie  Infirmary,  13  males  and  37 
females  Of  these  50  cases  5 died,  2 males  and  3 female.s.  The  ages  of  the  patients  varied 
from  9 to  74  years,  ami  with  the  exception  of  a child  9 years  of  age,  to  whom  the  poison  was 
administered  by  the  mother,  she  herself  having  taken  it,  the  ciuses  were  suicidal.  Kor  the 
ten  years  ended  1904  there  were  .34  patients  ailmitted  suffering  from  phosphorus  imisomng, 
practically  speaking  all  suicidal,  1 1 males  and  23  females,  of  whom  1 male  die.l  and  5 
females.  Ho  far  as  the  reasons  assigned  for  the  suicide  are  concerneil,  it  niiiasirs  to  me 
that  in  the  ca<e  of  men  the  principal  cau-sc-s  are  drink  and  poverty,  and  in  women  crossed 
love  or  jealousy,  (loverty,  drink,  and  ill-usage  by  t.ieir  husbands. 
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containing  O’Ol  phosjjhoriis  trichloride  per  litre  of  air,  and  at  the  end  of 
one  hour  the  animals  suffered  from  rhinitis,  conjunctivitis,  profuse  saliva- 
tion, abundant  bronchorrhoea,  and  intense  dyspnoea.  Lewin  has  produced 
poisoning  in  animals  by  giving  them  saturated  phosphorus  water.  Phos- 
phoretted  hydrogen  is  a dangerous  compound.  Acetylene  gas  obtained 
from  the  American  carbide  of  calcium  contains  0 6 phosphoretted  hydrogen 
per  1000,  while  that  evolved  from  Swiss  and  French  carbide  conUiins  0'.3 
per  1000.  Jokote  allowed  animals  to  breathe  phosphoretted  hydrogen 
in  the  proportion  of  O'Ol  to  0‘6  per  1000.  With  O’Ol  per  1000  the 
symptoms  of  intoxication  were  slight,  but  with  0’02  there  were  vomiting 
and  dyspnoea,  followed  by  death  in  1^  to  4 hours. 

Phosphorus  poisoning  may  be  acute  or  chronic.  The  latter  form, 
known  as  phosphonsm,  is  met  with  in  those  engaged  in  the  manufacture 
of  matches.  Phosphorus,  because  it  is  an  important  constituent  of 
nervous  tissue,  is  administered  medicinally  in  very  minute  doses,  but  in 
these  doses  its  physiological  action  is  different  from  that  of  larger 
quantities.  In  minute  doses  it  probably  acts  as  a stimulant,  improA'ing 
the  nutrition  of  the  tissues,  osseous  and  nervous.  Wegner  has  shown 
that  when  adult  animals  receive  small  doses  of  phosphorus  the  spongy 
tissue  of  the  bones  becomes  thickened  and  the  compact  portions  more 
dense.  New  osseous  tissue  is  subsequently  developed  upon  the  inside  of 
the  shafts  of  the  long  bones,  in  some  instances  even  to  the  obliteration  of 
the  marrow  cavity.  Therapeutically  it  is  believed  that  the  di’ug  enters 
the  system  as  phosphorus,  and  not  as  phosphoric  acid  ; the  proof  of  this  is 
that  in  cases  of  poisoning,  not  only  does  the  breath  smell  of  phosphorus, 
but  the  blood  is  found  to  contain  it.  While  phosphorus  may,  yet  it  does 
not  always,  act  as  a jAoison  by  becoming  changed  into  phosiahoric  acid  in 
the  body,  for  the  quantity  of  this  acid  formed  from  a lethal  dose  of  i^hos- 
phorus  is  too  small ; nor  can  we  say  that  it  is  by  its  convension  into 
phosphoretted  hydrogen,  as  some  maintain.  We  do  not  knoAV  exactly 
what  happens  when  ^jhosphorus  is  absorbed  into  the  blood.  If  it  be 
oxidised  it  must  undergo  this  change  very  slowly,  for  if  fresh  arterial 
blood  be  taken,  phosphorus  added  to  it,  and  the  vessel  hermetically 
sealed,  the  bright  arterial  colour  is  not  lost  earlier  than  in  a control 
experiment.  Lecorch6  is  in  favour  of  the  vieAv  that  phosphorus  acts 
by  becoming  converted  into  phosphoretted  hydrogen,  for  there  is  a close 
resemblance  between  the  symptoms  caused  by  phosphoretted  hydrogen  and 
by  phosphorus.  According  to  Lecorch6  poisoning  by  phosphorus  is  the 
result  of  two  factors — (a)  phosphoretted  hydrogen  and  (b)  phosphoric 
acid.  Tlie  patient  dies,  slowly  asphyxiated  owing  to  phosphoric  acid 
having  destroyed  his  blood-corpuscles  and  the  phosphoretted  hydrogen 
having  deprived  the  corpuscles  of  oxygen.  At  the  temperature  of  the  body 
phosphorus  passes  into  a state  of  vapour.  Bamberger  has  demonstrated 
that  in  this  form  it  readily  passes  through  animal  membrane  into  de- 
fibrinated  blood ; hence,  should  phosphorus  be  present  in  the  alimentary 
canal,  the  blood  circulating  in  the  walls  of  the  intestine  would  soon 
become  surcharged  Avith  the  vapour  of  it. 
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Morbid  Anatomy. — The  cases  must  be  few  in  which  no  lesion  is 
found  after  death ; the  character  of  the  morbid  changes  depends  upon 
the  rapidity  of  the  poisoning  and  the  manner  in  which  phosphorus 
entered  the  system.  Usually  there  are  numerous  ecchymoses  on  the 
skin,  on  the  serous  and  mucous  membranes,  and  in  the  muscles  and 
adipose  tissue.  In  a case  seen  by  myself  there  were  numerous  small 
htemorrhagcs  under  the  visceral  layer  of  the  pericardium.  The  blood  is 
liquid  and  dark.  If  detith  occur  in  the  early  stage  there  may  be  a 
distinct  smell  of  phosphorus.  The  skin  is  jaundiced.  There  is  inflam- 
matorv  redness  of  the  stomach,  with  swelling  or  htemoiThagic  erosion  of 
the  intestinal  mucous  membrane.  The  liver  is  increased  in  size  in  the 
earlj'  stages ; diminished  r.f  the  illness  be  protracted  : it  is  of  a uniform 
citron  or  greenish-yellow  colour,  or  it  exhibits  irregular  yellow  patches ; 
on  section  it  is  bloodless.  The  gall-bladder  may  be  full  or  empty.  The 
kidneys  are  large  and  their  cortex  pale,  but  the  medullary  portions  are 
congested.  The  spleen  is  not  enlarged.  Microscopical  examination 
shews  very  marked  fatty  degeneration  of  the  liver-cells  and  of  the  renal 
epithelia.  The  muscle -fibres  of  the  heart  have  lost  their  transverse 
striation  and  contain  numerous  fat  droplets — a change  also  observed  in 
the  voluntary  muscles.  Beyond  an  occasional  hcemorrhagic  point  or  two, 
from  increased  permeability  of  the  capillary  walls,  and  vacuolation  of  the 
cells  and  nuclei  in  the  cerebral  cortex,  there  is  nothing  to  be  detected  in 
the  nervous  system.  Lilienfeld  and  Monti  describe  a micro -chemical 
method  for  detecting  phosphorus,  which  consists  in  placing  sections  of 
the  fresh  organ  in  a strong  solution  of  ammonium  molybdate,  and  trans- 
ferring them  in  half  an  hour  to  a 20  per  cent  solution  of  pyrogallic  acid 
dissolved  in  ether.  After  remaining  for  a few  minutes  they  are  passed 
through  spirit  to  oil  of  cloves,  and  then  mounted  in  Canada  balsam.  A 
yellow  or  brown  colour,  best  marked  in  the  nuclei,  indicates  the  jjresence 
of  phosphorus.  Overlach  found  in  acute  phosphorus  poisoning  of 
unimpregnated  animals,  that  certain  well-defined  changes  occurred  in 
the  uterine  mucous  membrane  closely  akin  to  those  met  with  at  normal 
menstruation : there  was  a development  of  large  cells,  resembling  the 
so-called  “ decidual  cells  ” of  pregnancy,  from  the  intergland ular  connec- 
tive tissue.  Apropos  of  the  formation  of  this  decidual  tissue  in  the 
uterine  mucous  membrane,  Hitschmann  and  Lindcnthal  have  examined 
the  uterus  in  nine  women  dead  from  acute  or  chronic  phosphorus  poisoning, 
none  of  whom  had  been  recently  pregnant.  These  observers  only  found 
heaps  of  cells  of  the  flattened  cubical  type  instead  of  the  ordinary 
cylindrical  variety  u-siudly  met  with  in  the  uterine  glands.  For  a 
discussion  of  the  pathology  of  the  fatty  change  in  the  livei,  kidnet,  and 
other  organs  found  as  a sequel  of  phosphorus  poisoning,  the  reader  is 

referred  to  vol.  i.  p.  o74.  1 1 1 1 

Experirmnlal  rimplmm  Pouming. — The  experiments  by  Oddo  and 
Olmer  confirm  what  Ave  have  learned  by  clinical  experience,  viz.  that 
in  7>ho.sphonts  poisoning  death  may  occur  within  24  hours  without  any 
trace  of  fatty  change  being  found.  .^iogci-  and  Josu6  describe  two 
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kinds  of  lesions  present  in  the  bone-marrow  of  rabbits  poisoned  by 
phosphorus : (1)  changes  such  as  are  met  with  in  infectious  diseases  and 
characterised  by  cellular  proliferation,  (2)  special  lesions,  and  therefore 
different  to  those  observed  in  anything  else.  Subcutaneous  injections  of 
phosphorated  oil  were  made  into  rabbits.  The  animals  lived  from  1-7 
days  afterwards.  On  microscopical  examination  of  the  bone-marrow 
there  were  signs  of  intense  congestion,  a marked  diminution  of  fat,  and 
a proliferation  of  large  mononuclear  leucocytes  and  giant-cells.  The 
nuclei  of  these  cells  had  undergone  changes.  By  means  of  reagents  it 
was  impossible  to  distinguish  the  chromatin  network  and  nuclear 
membrane,  the  chromatin  being  diffused  through  the  protoplasm. 

Symptoms. — The  severity  of  the  symptoms  and  the  rapidity  with 
which  they  appear  depend  upon  the  fine  state  of  division  in  which  the 
poison  enters  the  body.  Usually  the  symptoms  appear  within  one  to  six 
hours  after  swalloAving  the  drug ; but  if  a large  piece  of  phosphorus  has 
been  taken  they  may  not  arise,  for  single  lumps  ha^'e  been  known  to 
traverse  the  whole  length  of  a dog’s  intestine  without  destroying  life.  In 
the  operation  of  some  poisons  there  is  a marked  difference  between  the 
symptoms  exhibited  by  animals  and  by  man  ; but  so  far  as  the  effect  of 
phosphorus  is  concerned  the  symptoms  in  both  are  remarkably  uniform. 
On  the  development  of  the  symptoms  the  condition  of  the  stomach  at  the 
time  has  an  important  bearing.  The  presence  therein  of  milk  or  fat, 
whichreadilydissolves  phosphorus,  causes  an  early  appearance  of  symptoms. 
The  poison  need  not  be  taken  internally.  Dr.  L.  Hill  reports  the  case 
of  a girl  who,  wishing  to  give  a “ dark  seance  ” to  her  fellow-servants, 
rubbed  some  phosphorus  paste  upon  her  hands  and  face.  The  charac- 
teristic illumination  followed,  but  the  girl  died,  with  the  ordinary 
symptoms  of  poisoning,  on  the  eighth  day. 

Phos^ohorus  poisoning  has  been  known  to  follow  the  ingestion  of  the 
flesh  of  an  animal  that  had  partaken  of  phosphorus.  Baumel  reports 
the  case  of  a girl  who  had  consumed  part  of  a chicken  accidentally 
poisoned  by  grains  of  wheat  that  had  been  boiled  with  lucifer  matches 
and  meant  for  rats,  a ruse  frequently  adopted  by  the  French  peasantry 
to  destroy  vermin.  For  a few  days  after  eating  the  chicken  there  were 
no  symptoms,  but  on  the  fourth  day  general  convulsions  came  on,  fol- 
lowed by  colie,  burning  pain  in  the  abdomen  referred  to  the  umbilicus 
and  iliac  fossa?,  and  increased  on  pressure,  slight  jaundice,  and  frequent 
mieturition,  the  urine  being  normal.  Subsequently  she  lost  the  power 
of  walking,  the  convulsions  were  repeated,  and  the  inguinal  glands 
became  enlarged.  There  was  in  this  case  an  absence  of  the  stomach 
symptoms  usually  found  when  phosphorus  has  been  swallowed,  but 
although  the  phosphorus  ingested  through  the  fowl  had  lost  its  caus- 
ticity, it  had  not  parted  with  its  toxicity.  The  girl  ultimately  recovered. 

Tardieu  divides  phosphorus  poisoning  into  three  forms — (i.)  the 
common  form;  (ii.)  the  nervous;  (iii.)  the  haunorrhagic.  In  the  first 
form,  irritant,  nervous,  and  hajmorrhagic  symptoms  are  blended  together; 
in  the  second  the  symptoms  are  specially  referable  to  the  brain  and 
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spinal  cord,  and,  as  tlio  name  implies,  luemorrhages  are  characteristic  of 
the  third. 

During  the  act  of  swallowing  the  poison  a disagreeable  taste  and 
smell  are  perceived,  and  are  followed  shortly  afterwards  l)y  pain  in  the 
gullet  and  stomach,  and  by  retching  and  vomiting.  The  tongue  and 
throat  may  become  red,  dry,  and  swollen.  In  other  cases  a few  hours 
intervene,  during  which  the  patient  may  move  about  discharging  the 
ordinary  duties  of  life ; then  vomiting  and  nausea  come  on,  accom- 
panied by  abdominal  pain ; the  breath  becomes  phosphorescent,  and 
the  vomited  matter,  which  consists  of  mucus  tinged  with  blood  and 
bile,  may  be  luminous  in  the  dark  and  smell  strongly  of  the  poison.  For 
two  or  three  days  the  vomiting  continues,  accompanied  by  gastralgia, 
perhaps  by  diarrhoea,  and  by  sleeplessness ; the  patient  meanwhile  is 
utterly  wretched.  The  pulse  at  this  stage  may  be  normal,  or  feeble  and 
slightly  quickened ; while  the  temperature  may  be  noi’mal,  or  slightly 
subnormal.  By  the  third  day  the  vomiting  usually  ceases  and  the 
abdominal  pain  disappears ; but  this  abatement  is  frequentlj'  but  tem- 
porary, for  shortly  afterwards — in  from  70  to  80  jjer  cent  of  the  cases 
— jaundice  appears  on  the  third  to  the  fifth  day,  accompanied  by  cofl'ee- 
grouncl  vomit  and  by  abdominal  pain  referable  to  the  epigastrium.  The 
pulse-1  ate  may  now  fall;  but  if  the  case  is  going  to  take  an  unfavour- 
able course  it  may  increase  in  frequency,  reaching  as  high  as  150.  The 
temperature  varies : a high  temperature  is  generally  regarded  as  a 
precursor  of  death ; but  in  some  cases  observed  by  myself  the  tem- 
perature before  death  reached  only  to  96°  F.  In  the  vomit  numerous 
reddish-brown  flocculent  masses  can  be  seen ; and,  on  microscopical 
examination,  numerous  fat  - globules,  broken-down  blood -cells,  and 
debris  are  observed.  The  vomit  gives  a blue  colour  with  peroxide  of 
hydrogen  and  tinct.  guaiaci,  indicating  the  presence  of  blood.  Once 
jaundice  supervenes,  the  patient  can  no  longer  be  regarded  as  simply 
under  the  influence  of  phosphorus,  but  as  suftering  from  the  conse- 
quences of  the  profound  structural  changes  in  the  liver  induced  by 
the  action  of  this  substance  upon  the  hepatic  cells.  The  viscus,  at  this 
stage,  may  be  somewhat  enlarged  and  tender  ; but  if  the  jiatient  survive, 
the  liver  rapidly  becomes  smaller,  so  much  so  as  to  suggest,  in  the 
absence  of  a history  of  phosphorus  poisoning,  the  diagnosis  of  acute 
yellow  atrophy  of  that  organ.  The  urine  may  be  scanty,  usually  it  is 
about  the  average  in  quantity ; it  may  be  albuminous  and  loaded  with 
biliary  colouring  matter : it  frequently  conttiins  crystids  of  leucin  and 
tyrosin.  The  headache  and  sleeplessness  complained  of  in  the  first  few 
days  may  now  be  replaced  by  delirious  excitement  and  convulsions ; 
these  fTadually  give  way  to  coma,  preceded  by  a maiked  fall  of  the 
tem{>erature.  Occasionally,  in  the  eaidy  stage,  when  the  vomiting  abates 
there  is  a remi.ssion  of  the  symptoms ; and  it  seems  as  if  the  patient 
would  recover,  but  in  due  course  jaundice  HU])ervencs.  When  recovery 
takes  place  the  amount  of  poison  swallowed  has  been  small,  a successful 
line  of  treatment  has  been  adopted  early,  or  the  phosphorus  has  become 
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^oxidised  in  the  intestinal  canal.  When  the  poisoning  is  fatal,  death  may 
not  come  for  several  days ; but  in  the  case  of  children  it  may  happen 
within  the  first  twenty-four  hours,  so  that  the  stage  during  which 
jaundice  usually  occurs  may  never  be  reached. 

In  Tardieu’s  second  form  of  phosphorus  poisoning  the  symptoms  are 
referable  from  the  outset  to  the  nervous  system.  Not  only  are  there 
vomiting  and  abdominal  pain,  but  peculiar  sensations  in  the  limbs  also, 
followed  by  cramp-like  pains  or  paralysis,  and  by  delirium  and  convulsions 
with  or  witliout  jaundice.  Gallavardin  quotes  the  case  of  a match-maker 
in  Sweden  who,  after  inhaling  the  vapour  of  phosphorus  consequent  upon 
an  explosion  in  the  works,  suffered  from  gi-adual  paralysis  of  the  limbs 
with  trembling  of  legs,  arms  and  hands,  and  paralysis  of  the  tongue, 
causing  embarrassment  of  speech.  Henschen  also  found  paralysis  in  a 
match-maker.  Chaumier  describes  a case  of  paralysis  consequent  upon 
taking  a mixture  which  contained  phosphorus,  etlier,  and  creasote.  In 
one  of  Lovot’s  patients  multiple  neuritis  came  on  six  tveeks  after  taking 
phosphate  of  creasote.  It  is  possible  that  there  may  have  been  a trace 
of  arsenic  in  the  compound.  Although  phosphorus  paralysis  occurs  in 
animals,  we  are  not  so  familiar  with  it  in  man.  Danillo  found  structural 
changes  in  the  spinal  cord  of  dogs,  a central  myelitis  with  extravasation 
and  pigmentation.  Goll  and  Burdach’s  columns  have  frequently  shewn 
signs  of  degeneration.  Chaumier  treated  an  old  man  of  70  who,  a few 
days  after  swallowing  phosphorus,  complained  of  pain  in  the  feet  and 
knees.  This  was  followed  by  paralysis  of  the  feet  and  legs,  which  lasted 
for  nine  months.  The  Imee-jerks  were  lost.  In  this  patient  the  symp- 
toms were  due  either  to  peripheral  neuritis  or  myelitis,  the  pain  in 
the  limbs  and  the  loss  of  the  knee-jerks  being  in  favour  of  neuritis.  It 
is  interesting  to  note  that  the  paralysis  did  not  develop  until  some 
considerable  time  after  the  phosphorus  had  l^een  taken. 

The  skin,  in  addition  to  being  icteric,  may  become  the  seat  of 
erythema  or  of  small  hasmorrhages ; blood  may  ooze  from  the  intestinal 
mucous  membrane  or  from  the  kidney.  Jaundice  may  occur  at  any  time 
after  the  first  day.  The  rapidity  of  its  manifestation  is  a measure  of  the 
danger  to  life ; the  liver  becomes  enlarged  and  tender  at  the  same  time, 
the  enlargement  being  generally  uniform.  Ingravescent  jaundice  gives 
rise  to  a series  of  nervous  symptoms  (delirium,  coma,  and  convulsions) 
akin  to  cholaemic  intoxication,  and  is  followed  by  rapid  death.  On  the 
other  hand,  the  jaundice  may  gradually  disappear,  the  appetite  return,  the 
abdominal  pains  cease,  and  recovery,  in  a few  weeks,  be  fairly  complete. 

Opinions  differ  as  to  the  state  of  the  blood,  probably  because  the_y 
have  been  founded  too  much  Tipon  experimental  data.  Alkaline  during 
life,  the  blood  is  generally  acid  after  death.  On  microscopical  examina- 
tion the  red  and  white  blood-cells  ai'e  normal.  Miinzer  believes  that  the 
red  blood -cells  are  increased  in  number  as  a primary  result,  though 
the  secondary  effect  of  the  continued  use  of  phosphorus  is  to  cause  a 
diminution.  The  blood  is  frequently  dark,  and  not  so  liable  to  coagulate 
as  in  health.  This  may  be  due  to  destruction  of  the  coagulating  ferment. 
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The  urine  is  almost  invariably  aftected  in  phosphorus  poisoning.  In 
the  early  stage  it  may  contain  a trace  of  albumin ; but  when  jaundice 
arises  it  contains  in  addition  bile-pigments  and  urobilin  or  reduced 
bilirubin.  Sugar  is  generally  absent.  Hyaline  tube -casts  may  be 
observed,  vdth  or  without  fat-droplets  or  fatty  crystals;  or  tube-casts 
composed  of  fatty  renal  epithelia  mostly  stained  vdth  bile,  and  sometimes 
mixed  with  the  debris  of  broken-down  red  blood-cells.  When  t3frosin  is 
present  it  indicates  that  important  changes  have  alread}"  taken  place  in 
the  liver — that  it  is  the  seat  of  fatty  change,  and  is  beginning  to  atrophy. 
Hsematoidin  crystals,  as  well  as  certain  acids — for  example,  sarcolactic — 
have  been  found  in  the  urine  by  Miinzer.  During  the  stage  in  which  jaun- 
dice is  present  the  urine  is  not  necessarily  decreased  in  quantity,  but  its 
specific  gi’avity  is  raised  and  its  reaction  is  acid.  A transitory  peptonuria 
may  occur.  Von  Jaksch  states  that  in  the  eaiiiest  days  of  phosphorus 
poisoning  there  is  a fall  in  the  total  nitrogen  eliminated,  and  that  this  is 
followed  by  a rise.  As  early  as  the  third  day  I have  observed  a very 
decided  diminution  in  the  daily  discharge  of  urea ; and  this  may  continue 
for  several  weeks  in  patients  who  ultimately  recover,  without  any  reduc- 
tion in  the  amount  of  urine  passed.  In  fatal  cases  there  is  a rapidly 
progressive  fall  in  the  luea,  and  this  becomes  well  marked  the  day  before 
death.  Some  authors  maintain  that  the  quantity  of  uric  acid  in  the 
urine  is  slightly  increased  throughout  the  illness,  also  the  ammonia. 
Miinzer  is  of  the  opinion  that  the  excessive  ammonia  plays  a useful 
part  in  the  organism  bj"^  neutralising  the  abnormal  acid  products 
formed  by  the  action  of  phosphorus  upon  the  tissues.  The  amount  of 
phosphoric  acid  in  the  urine  is  increased  diuing  the  early  period 
of  the  poisoning,  but  in  unfavourable  cases  it  subsequently  sinks  below 
the  normal ; the  same  holds  good  as  regards  the  sulphuric  acid. 
When  the  jaundiced  urine  from  a case  of  phosphorus  poisoning  is  kept 
for  a time  it  emits  a strong  garlicky  odour  which  is  increased  on  adding 
nitric  acid. 

When  jaundice  appears  the  feces  become  pale  and  contain  fatty 
matter  and  crystals  ; they  may  contain  phosphorus  and  emit  its  chaiacter- 
istic  odour. 

Women,  if  pregnant,  usually  miscarry  after  taking  a fatal  dose  of 
phosphorus.  A Avoman  under  my  observation,  who  Avas  eight  moTiths 
pregnant,  miscarried  on  the  third  day ; the  child  Avas  still-born.  Labour 
in  these  circumstances  pursues  the  usual  course ; but  unthin  tAvo  or  three 
days  afterAA-ards  jaundice  appears  and  gradually  deepens  in  tint ; the  liver 
becomes  more  tender ; somnolence  increases,  and  the  patient  gradually 
dies  comatose.  Pho.sphorus  frequently  produces  a bloody  discharge  from 
the  uterus.  In  the  dead  foetuses  expelled  by  rabbits  that  have  been 
exfjerimentally  poisoned  structural  changes  are  met  Avith  similar  to  those 
observed  in  the  mother.  The  mortality-rate  is  high  amongst  the  children 
of  parents  engaged  in  the  manufacDuro  of  matches  and  tainted  AAith 

phosphorism.  . 

Porty  per  cent  of  cases  of  acute  phosphorus  poisoning  die.  It  is  no 
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uncommon  thing  for  apparently  slight  cases  to  change  for  the  worse ; 
and  even  after  the  jaundice  has  disappeared  and  the  symptoms  generally 
have  improved,  sudden  death  may  occur  by  failure  of  the  heart  from 
fatty  change.  A tardy  development  of  jaundice  is  a favourable  indi- 
cation, particularly  if  it  be  slight  and  unaccompanied  by  enlargement 
of  the  liver.  The  retention  of  the  appetite  is  a favourable  prognostic 
indication.  On  the  other  hand,  an  early  appearance  of  jaundice,  and 
of  such  nervous  symptoms  as  convulsions  and  coma,  a rapid,  small  and 

irregular  pulse,  considerable  enlargement  of  the  liver,  haemorrhages,  and 

an  increased  temperature,  betoken  an  unfavourable  termination. 

The  diagnosis  of  phospliorus  poisoning  is  only  certain  when  in  the 
vomited  matter  or  fasces  phosphorus  is  found.  The  illness  may  be 
mistaken  for — (a)  Acute  yellow  atrophy  of  the  liver;  (i)  Rapidly 
developing  hypertrophic  cirrhosis  ending  fatally  by  cholaemia ; (c) 
Certain  forms  of  sepsis ; (A)  Certain  forms  of  eclampsia ; (e)  Weil’s 
disease ; (/)  Hasmorrhagic  small-pox ; ((/)  Obscure  forms  of  alcoholic 
and  urtemic  intoxication. 

In  acute  yellow  atrophy  of  the  liver  there  is  a greater  tendency 

to  brain  disturbance,  and  also  to  enlargement  of  the  sjjleen,  than  in 

phosphorus  poisoning.  The  liver,  too,  decreases  rapidly  in  size,  the 
jaundice  meanwhile  deepening;  whereas  in  phosphorus  poisoning  the 
jaundice  appears  with  enlargement  of  the  liver  and  runs  parallel  with  it, 
although  in  a certain  numljer  of  cases  this  organ  subsequently  shrinks, 
when  the  two  diseases  have  a greater  resemblance.  On  the  other  hand, 
some  writers  maintain  that  it  is  impossible  to  distinguish  between  the 
jaundiced  condition  due  to  phosphorus  poisoning  and  that  observed  in 
acute  yellow  atrophy  of  the  liver.  The  late  Dr.  Vivian  Poore  was  of  this 
opinion.  The  view  that  in  poisoning  by  phosjjhorns  it  is  the  periphery 
of  the  hepatic  lobule  that  is  first  attacked,  and  in  acute  atrophy  the 
centre,  is  of  no  pathological  value,  especially  if  putrefaction  of  the  body 
has  set  in,  neither  is  the  jDresence  of  leucin  ciystals  in  the  hepatic  cells  of 
any  value,  nor  steatosis  of  the  liver,  for  microbic  saprophytes  passing 
into  the  liver  during  life  can  give  rise  to  a fatty  change  exactly  similar 
to  that  caused  by  phosphorus.  The  history  of  the  case  is  of  importance. 
A differential  diagnosis  can  only  be  made  with  certainty  when  phosphorus 
has  been  found  in  the  body  of  the  cadaver. 

Occasionally  hypertrophic  cirrhosis  of  the  liver  appears  rather  quickly, 
and  leads  to  rapid  death  by  cholsemia.  Upon  one  differential  symptom 
between  this  disease  and  phosphorus  poisoning  von  Jaksch  lays  con- 
siderable stress ; namely,  the  regularity  with  which  during  the  last  few 
days  of  life  in  hypertrophic  cirrhosis  vomiting  of  bromi  sanguineous 
material  occurs ; but  in  my  opinion  this  is  not  a trustworthy  guide. 
Cases  of  puerperal  eclampsia  with  an  icteric  tinge  might  be  mistaken 
for  phosphorus  poisoning ; but  in  these  the  temperature,  although 
irregular  compared  to  the  transitory  pyrexia  of  the  other  illness,  is 
generally  high  and  persistent.  Besides,  the  liver  is  usually  not  enlarged. 
Dropsy  if  present  would  be  an  aid  to  the  diagnosis.  The  amount  of 
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albumin  in  tlie  urine  and  the  tendency  for  it  to  contain  blood  are  greater 
in  eclampsia. 

Certain  forms  of  alcoholic  and  imvmic  intoxication  resemble  phos- 
phorus poisoning,  aiul  are  with  difficulty  distinguished.  In  all  doubtful 
cases  the  vomit  should  be  carefully  examined.  In  hcemorrhagic  small- 
pox the  pei-sistently  high  temperature  would  be  a guide.  In  TFeil’s 
disease  the  symptoms  begin  suddenly,  usually  with  a slight  rigor ; 
the  pyrexia,  which  is  higher  than  in  phosphoi’us  poisoning,  lasts  for 
eight  or  ten  days  accompanied  by  headache ; and  we  find  also  gastric  dis- 
turbance, jaundice,  pains  in  the  calves,  enlargement  of  liver  and  the  spleen, 
nephritis  and  erythema — a group  of  symptoms  closely  resembling  those 
met  with  in  phosphorus  poisoning.  The  prognosis  of  Weil’s  disease  is 
favourable.  The  proof  of  poisoning,  on  the  other  hand,  rests  upon  the 
detection  of  phosphorus  in  the  vomit,  in  the  rinsings  of  the  stomach, 
and  in  the  faeces ; and  there  are  several  methods  by  tvhich  this  may 
be  accomplished.  In  Mitscherlich’s  process  for  the  detection  of 
phosphorus  the  vomit  is  distilled  with  sulphuric  acid  in  the  dark. 
The  retort  is  connected  Avith  a glass  condenser,  and  if  phosphorus  be 
present  luminous  rings  appear  at  the  point  where  the  fumes  come  into 
contact  with  the  cold  water.  In  the  method  known  as  Scherer’s 
the  vomit  is  enclosed  in  a flask  vdth  an  air-tight  stopper ; and  two 
test-papers  are  placed  therein,  one  saturated  with  nitrate  of  silver 
and  the  other  with  acetate  of  lead : should  phosphorus  be  present,  the 
silver  paper  is  blackened  whilst  the  other  remains  unchanged.  Binda 
and  Stoenesco’s  method  consists  in  the  detection  of  phosphorescence  by 
means  of  the  naked  eye,  and  subsecpiently  in  a microscopical  examina- 
tion of  the  phosphorus.  The  suspected  liquid  from  the  gastro-intestinal 
canal  is  taken  into  a dark  room.  A few  drops  of  the  liquid  are  allowed 
to  fall  into  a test-tube.  When  the  upper  part  of  this  is  heated  phosphor- 
escent clouds  are  seen  to  rise  from  the  bottom  of  the  tube.  A drop 
or  two  of  the  same  material  is  placed  on  a glass  slide,  gently  heated,  and 
examined  microscopically,  when  little  bluish  globules  sm'rounded  by  a 
thick  fog  are  observed,  whose  centre  becomes  whitish-yellow  on  altering 
the  focus.  To  the  same  slide  a drop  or  two  of  a weak  solution  of  silver 
nitrate  or  of  ammonium  molybdate  is  added,  when  the  little  globules  that 
appeared  to  be  phosphorus  gradually  become  black,  while  any  others 
present  remain  of  a grey  colour.  In  the  urine  from  a case  of  phosphorus 
pK>isoning  leucin  and  tyrosin  may  be  found — the  former  as  little  round  or 
oval  spheres  not  unlike  droplets  of  fat,  and  the  latter  as  heaps  of  delicate 
needle-like  crystals.  The  best  chemicjil  test  for  tyrosin  is  to  dissolve  the 
sediment  in  hot  water,  and  to  add  a drop  of  a solution  of  mercurous  and 
mercuric  nitrate  fMillon’s  reagent),  when  if  tyrosin  bo  present  in  minute 
quantity  a ro.sc  colour  at  once  appcar-s,  and  a crimson  precijiitate  if  theic 
be  more  than  a trace.  Bor  a good  method  of  separating  Icucin  and 
tyrosin  the  reader  is  referred  to  Air.  ’A  ynter  Blyth  s work. 

Treatment. — As  the  main  object  is  to  prevent  absorption  of  the 
poison,  emetics  and  purgatives  must  be  given  at  once  ; for  wlien 
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absorption  has  taken  place  it  is  diificnlt  to  control  the  consequent  organic 
changes.  If  the  case  is  seen  early  an  emetic  of  sulphate  of  copper  should 
be  given,  and  the  stomach  persistently  washed  out  until  there  is  no  longer 
any  smell  of  phosphorus.  Objections  have  been  raised  to  the  employ- 
ment of  copper  sulphate  on  the  ground  that  it  causes  gastro-enteriti.s ; 
but  there  is  little  chance  of  this  occurrence  if  it  be  given  in  from  3 
to  5-grain  doses,  freely  diluted,  every  few  minutes.  Black  phosphide 
of  copper  is  thus  formed,  which  is  harmless  and  readily  eliminated  by 
the  kidneys.  The  washing  out  of  the  stomach  may  be  accomplished  with 
warm  water  containing  copper  sulphate,  and  subsequently  with  calcined 
magnesia.  This  line  of  treatment  may  suffice  alone ; but  for  the  next 
few  days  it  is  necessary  to  forbid  all  fatty  foods,  excluding  even  milk  and 
eggs,  for  fat  dissolves  any  phosphorus  left  in  the  stomach.  The  food 
should  be  albuminous.  Other  lines  of  treatment  have  for  their  object 
the  oxidation  of  the  phosphorus  so  as  to  render  it  inert,  as,  for  example, 
the  use  of  peroxide  of  hydrogen,  a drug  which  is  too  unstable  to  be 
trusted.  Duplos  suggested  liquor  chlori,  and  Scherer  chloride  of  lime ; 
but  experience  has  shewn  that  they  act  too  slowly.  Potassium  perman- 
ganate freely  diluted  is  a safe  and  fairly  trustworthy  oxidising  agent,  but 
it  must  be  given  early.  The  stomach  should  be  washed  out  first  vnth 
warm  water  and  then  with  2 per  cent  solution  of  potassium  permanganate. 
Enemas  of  1 per  cent  solution  of  the  same  salt  may  be  administered, 
since  the  fluid  rapidly  passes  up  the  bowel.  Of  145  patients  suflFering 
from  phosphorus  poisoning  thus  treated  by  Plavec  and  other's  only  31 
died,  or  21  per  cent.  Oil  of  turpentine  is  the  antidote  usually  employed  ; 
for  its  use  we  are  indebted  to  Andant,  who  in  1868  was  called  to  see  a 
man  who  had  attempted  suicide  by  swallowing  phosphorus  paste,  and 
to  hasten  the  end  had  subsequently  drunk  turpentine.  To  the  astonish- 
ment of  both  doctor  and  patient,  not  only  were  the  symptoms  slight, 
but  the  patient  recovered.  Bush  of  Dorpat  has  experimentally  demon- 
strated how  turpentine  delays  the  toxic  effects  of  phosphorus  ■,  and 
of  fifteen  dogs  similarly  poisoned  by  Personne,  ten,  to  which  turpentine 
was  administered,  recovered,  while  the  remaining  five  died  with  the 
characteristic  symptoms.  Apart  from  its  stimulating  properties,  it  is 
maintained  that  phosphorus  forms  vuth  turpentine  a crystalline  mass 
like  spermaceti;  but  the  only  kind  of  it  which  is  capable  of  doing  this 
is  the  old  French  oil  of  turpentine,  now  with  difficulty  obtiiinable. 
The  other  two  forms  of  turpentine — namely,  the  rectified  and  the 
German — have  been  shewn  by  Vetter’s  experiments  upon  dogs  and 
rabbits  to  be  useless.  Ordinary  commercial  oil  of  turpentine  in  forty-drop 
doses,  after  the  stomach  has  been  washed  out,  still  remains,  however,  a 
favourite  line  of  treatment ; and  a fairly  large  percentage  of  cases  thus 
dealt  with  recover.  The  efficacy  of  turpentine  is  increased  b}^  long 
exposure  to  the  air.  It  is  very  desirable  that  the  bowels  should  be 
cleared  out  by  enemas  or  by  gentle  saline  aperients. 

Industrial  Phosphorus  Poisoning. — The  number  of  people  engaged 
in  the  manufacture  of  phosphorus  in  this  countrj'’  is  small,  probablj’’  not 
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more  than  1 00  ; and  as  the  greater  part  of  the  process  is  carried  on 
under  water  tliere  is  no  great  risk  to  health.  The  most  imporhint 
industry  in  which  phosphorus  is  largely  used  is  in  the  making  of  lucifer 
and  other  kinds  of  matches.  It  is  estimated  that  in  England  this  industry 
gives  employment  to  2500  people.  Phospliorus  enters  into  the  forma- 
tion of  oixlinary  wooden  or  congreve  matches,  Avax  vestas,  and  vesuvians. 
Certain  departments  in  the  manufacture  are  more  injuriotis  than  others. 
The  “ composition  ” into  which  the  ends  of  the  matches  are  dipped  con- 
tains phosphorus,  potassium  chlorate,  and  glue ; and,  occasional!}',  pow- 
dered glass,  sulphide  of  antimony,  manganese  peroxide,  and  coloiu'ing 
matter.  Not  more  than  5 per  cent  of  phosphorus  need  he  present  in 
the  composition.  It  is  in  the  “ mixing  ” of  the  composition,  and  in 
the  “dipping”  and  “drying”  of  the  matches,  that  noxious  fumes  are 
given  off.  In  the  manufacture  of  “safety”  matches  and  in  matches 
that  come  from  Sweden  no  yellow  phosphorus  is  employed.  For 
ignition  these  matches  have  to  be  nibbed  on  a portion  of  the  box  covered 
with  a dried  paste,  the  principal  ingredient  of  which  is  the  harmless  red 
or  amorphous  phosphorus.  The  entrance  of  phosphorus  fumes  into  the 
system  by  way  of  the  respiratory  organs  is  followed  by  a slow  intoxication 
called  in  France  phosphorisme,  of  which  cachexia,  a yellow  tint  of  the  skin, 
garlicky  odour  of  the  breath,  the  presence  of  phosphorus  in  the  urine  and 
saliva,  aniemia,  abortion,  a high  rate  of  infantile  mortality,  albuminuria, 
and  demineralisation  of  the  tissues,  are  the  most  important  symptoms ; 
to  these  may  be  added  cystitis,  bronchitis,  rupture  of  the  muscles,  and 
fragility  of  the  bones. 

Amongst  match-makers  one  of  the  most  serious  consequences  of  the 
prolonged  exposure  to  phosphorus  fumes  is  disease  of  the  jaw-bone.  The 
work-people  suffer  from  necrosis  of  the  bone,  sometimes  called  in  this 
country  “ phossy  jaw,”  and  in  France  “ mal  chimique  ” ; a disease  which 
attracted  considerable  attention  in  Germany  and  Austria  so  far  back  as 
18.38,  and  which  in  our  oivn  country  of  late  has  been  the  subject  of  a 
departmental  Government  inquiry.  The  “ mixers  ” and  “ dippers  ” are 
particularly  liable  to  suffer  from  phossy  jaw.  The  disease,  though  it 
affects  both  jaws,  yet  principally  affects  the  lower ; and  the  first  symptom 
of  it  is  toothache,  which  is  not  relieved  by  extraction.  We  cannot  say 
definitely  how  phosphorus  fumes  act  upon  the  bones.  By  some  it  is 
supposed  that  arsenic,  which  is  frequently  present  with  the  phos- 
phorus, causes  the  inflammation.  Wegnei-  experimentally  produced 
necrosis  of  bone  by  the  direct  action  of  phosphorus  fumes  upon  those 
fiortions  where  the  periosteum  had  been  exposed  by  dissection.  Hence 
the  greater  liability  for  those  persons  to  suffer  who  have  carious  teeth. 
It  is  supposed  that  the  fumes  enter  the  carious  cavity  and  reach  the 
periodontal  membrane  by  the  apical  foramen.  Ojicratives  with  decaj  cd 
teeth  have  always  been  regarded  as  specially  susccjitible ; althougli 
it  has  been  lately  maintained  that  the  local  inflammation  is  part  of 
a general  poisoning  of  the  system.  IMr.  Ilutchin.son  mentions  a case 
wh'ere  the  prolonged  internal  use  of  phosphorus  was  followed  by 
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characteristic  necrosis  of  the  jaw.  Mears  found  that  in  the  early  stages 
of  phosphorus  necrosis  there  is  an  accumulation  of  tartar  round  the  neck 
of  the  teeth,  and  that  the  disease  is  a chronic  toxajmia  with  local  irritation 
of  the  gums  aggravated  by  decayed  teeth  and  tartar.  Cold  readily  excites 
inflammation  in  such  gums,  and  this  extends  to  the  periosteum.  Mears 
also  noticed  that  the  gums  of  cachectic  operatives  are  the  seat  of  small 
hajinorrhages.  He  considers  that  the  poison  enters  the  system  by  in- 
halation and  also  with  the  food,  and  that  the  toxaemia  precedes  the  local 
affection;  hence  such  primary  symptoms  as  nausea,  vomiting,  and  increasing 
debility.  Beginning  as  an  inflammation  of  the  gum  accompanied  by 
toothache,  or  as  inflammation  of  the  periodontal  membrane,  it  gradually 
extends  to  the  periosteum,  along  which  the  process  advances  until  a large 
part  of  the  bony  covering  of  the  jaw  is  affected.  This  is  followed  by  an 
osteomyelitis  which  ends  in  necrosis.  As  each  tooth  in  the  early  stages  is 
removed  on  account  of  pain  it  often  happens  that  a small  quantity  of  pus 
escapes  from  the  alveolar  cavity ; the  pus  as  it  escapes  frequently  has 
the  odour  of  phosphorus.  The  teeth  become  affected  one  after  another 
until  a large  portion  of  the  jaw  is  denuded  of  its  periosteum. 

Since  phosphorus  necrosis  is  said  to  have  oecurred  in  people  whose 
teeth  were  perfectly  sound,  the  gums  in  these  instances  must  have  been  the 
parts  first  affected.  Notwithstanding  that  several  experimenters,  as 
stated  in  these  pages,  have  succeeded  in  producing  necrosis  of  bone  in 
animals  exposed  to  phosphorus  fumes,  it  is  yet  not  an  easy  matter  to 
produee  the  malady.  Such  at  any  rate  is  my  experience.  There  is 
something  peculiarly  human  in  phosphorus  necrosis,  for  men  and  women 
Ijecome  rapidly  affected  by  it  compared  with  animals.  Professor  Stock- 
man  considers  phosphorus  necrosis  to  be  not  so  much  the  immediate  result 
of  phosphorus  as  a tuberculous  process,  since  in  the  pus  escaping  from  the 
diseased  jaw  of  a lucifer  match-maker  he  found  tubercle  bacilli.  Although 
on  several  occasions  I have  carefully  examined  the  pus  discharged  in 
similar  circumstances  I have  never  found  tubercle  bacilli  therein.  I have 
had  the  privilege  of  examining  Professor  Stockman’s  slides,  and  am  able 
to  corroborate  his  statement  as  to  the  presence  of  a few  tubercle  bacilli. 
How  far  phosphorus  necrosis,  however,  is  to  be  regarded  as  solely  a 
tuberculous  lesion  is  another  question.  There  is  always  the  possibility 
of  accidental  infection,  and  besides  there  are  several  forms  of  micro- 
organisms present  in  the  pus  escaping  from  the  diseased  bone  owing  to  its 
proximity  to  the  mouth.  Whether  tubercle  bacilli  are  alone  responsible 
for  the  malady,  whether  phosphorus  necrosis  is  the  result  of  a mixed 
infection,  or  whether  phosphorus  in  the  form  of  fumes  or  as  phosphoric 
acid,  by  acting  upon  the  teeth  and  gums  and  inducing  inflammation, 
prepares  the  soil  for  subsequent  invasion  by  micro-organisms,  and  if  so 
which  particular  type,  are  questions  to  which  at  present  no  answer  can 
be  given. 

Francois  Arnaud,  from  his  position  as  medical  officer  to  the  match 
factories  of  Marseilles,  has  had  unusual  opportunities  of  studying  the 
disease  known  as  chronic  phosphorism.  Match-makers,  he  says,  are  readily 
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recognised  by  the  peculiar  odour  which  haugs  about  tliem  and  escapes 
by  their  breath.  So  strongly  has  their  system  become  impregnated 
with  the  poison,  that  practically  speaking  all  their  excretions  exhale  an 
alliaceous  oil  our.  As  might  be  expected,  the  prolonged  elimination 

of  phosphorus  by  the  kidneys  is  followed  by  albuminuria  in  a large  per- 
centage of  those  whose  work  most  exposes  them  to  the  poison.  Their 
health,  notwithstanding,  does  not  deteriorate  rapidly.  The  garlicky  odour 
of  the  urine  is  regarded  as  a measure  of  the  amount  of  the  poison  present, 
for  it  is  as  free  phosphorus  that  this  substance  appears  in  the  urine. 
Arnaud  has  never  noticed  the  phosphorescence  of  the  urine  in  the  dark 
described  b}-  some  observers.  The  output  of  urea  is  generally  high,  but 
phosphoric  acid  is  not  increased  in  quantity— this,  as  rve  have  seen,  is 
not  the  form  in  which  phosphorus  leaves  the  kidneys.  Phosphorus 
appears  so  to  act  upon  nutrition  generally  that  if  work-people  are  in  good 
health  metabolism  is  stimulated  thereby ; and  not  only  is  the  amount  of 
urea  in  the  urine  increased,  but  the  inorganic  constituents  as  well. 
Should  anything  arise,  however,  to  distiub  elimination,  or  should  dental 
defects  appear,  the  toxic  effects  of  the  element  gradually  appear. 

Exposime  to  phosphorus  fumes  is  doubtless  the  exciting  cause  of  this 
malady  ; but,  as  already  mentioned,  depressed  general  health,  an  unwhole- 
some condition  of  gums  and  teeth,  and  ill-ventilated  workrooms  dispose  to 
it.  Improved  ventilation,  reduction  of  the  amount  of  phosphorus  in  the 
“composition,”  wearing  of  respirators  in  the  drying-room,  dismissal 
of  all  work-people  who  have  bad  teeth  or  who  suffer  from  inflammatory 
afi’ections  of  the  gums,  personal  cleanliness  of  the  workers,  careful 
washing  before  eating,  and  the  pro^’ision  of  meals  outside  the  factory, 
are  precautionary  measiues  of  the  greatest  importance.  Since  the  sub- 
stitution of  sesquisulphide  of  phosphorus  for  the  white  variety  in  the 
manufacture  of  lucifer  matches  the  match  industry  has  become  a com- 
paratively healthy  one. 

The  treatment  of  phosphorism  and  its  cachexia  should  be  directed 
towards  the  elimination  of  the  poison.  Exclusive  milk  diet,  the  inhala- 
tion of  oxygen,  gentle  exercise,  and  repeated  small  doses  of  turpentine, 
are  the  agents  recommended  by  Magitot  of  Paris,  who  has  had  a large 
e.xperience  of  the  disease  amongst  the  French  match-makers.  In  American 
factories  the  operatives,  believing  that  turpentine  vapour  neutralises  the 
fumes  of  phosphorus,  carry  wide-mouthed  vessels  containing  the  oil 
su.spended  by  straps  round  their  neck.  The  gums  of  the  work-people 
should  be  regularly  examined,  and  the  presence  of  the  slightest  change 
therein  should  oblige  the  operative  to  cease  work,  and  to  use  a mouth- 
wa.sh  of  boracic  or  carbolic  acid.  Once  suppurative  periostitis  is  established 
an  effort  .should  be  made  to  limit  it  by  free  incisioji  and  thorough  drainage 

washing  out  the  sinuses  with  weak  corrosive  sublimate  or  carbolic 

acifl and  giving  the  patient  good  food ; but  when  this  stage  is  reached 

necrosis  is  almost  sure  to  follow.  Although  resection  is  the  projiei  iicat- 
ment  for  the  necrosed  jaw,  surgical  interference  should  be  avoided  so  long 
as  profound  phosphorus  cachexia  remains  ; operation  in  these  circumstances 
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is  very  apt  to  be  followed  by  a recurrence  which  the  surgeon  cannot  always 
control. 


Mercury 

Workers  in  mercury  become  poisoned  by  direct  handling  of  the 
metal,  by  breathing  it  in  the  form  of  vapour  or  dust,  or  by  al^sorp- 
tion  through  the  skin.  When  mercury  is  continually  handled  it  tends 
to  throw  the  skin  into  creases,  within  which  fine  particles  of  the  metal 
become  lodged  and  subsecpiently  absorbed.  Eating  with  unwashed  hands 
conveys  metallic  particles  into  the  gastro-intestinal  tract,  where,  under 
the  influence  of  the  digestive  juices,  they  become  dissolved.  The  mercury 
used  in  this  country  comes  from  Spain  as  cinnabar  or  sulphide.  From 
cinnal)ar  the  pure  metal  is  extracted  by  simply  roasting  the  ore  alone,  or 
by  mixing  it  with  lime  or  iron  filings,  when  metallic  mercury  is  given  off 
and  readily  condenses.  This  process  of  extraction  is  dangerous  to  those 
employed.  Work-people  exposed  to  mercurial  vapour  at  a very  low 
temperature  scarcely  suffer  : the  danger  increases  with  elevation  of 
temperature ; for  having  penetrated  into  the  respiratory  passages,  the 
vapour,  as  the  temperature  falls,  becomes  condensed,  and  forms  small 
droplets  or  granules  which  are  deposited  on  the  mucous  membi’ane. 
Tliese  droplets  become  oxidised,  and  are  therefore  absorbed.  When,  on 
the  other  hand,  the  temperature  in  the  workshop  is  low,  the  mercury, 
too  heavy  to  remain  suspended  in  the  atmosphere,  is  deposited  on  the 
hair  or  beard  of  the  workman,  or  upon  his  hands  and  clothes ; and  with 
this  upon  him  he  leaves  the  factory.  Men  who  handle  the  metal,  or  who 
are  engaged  in  the  preparation  of  its  salts,  also  run  the  risk  of  being 
poisoned  by  absorption  through  the  lungs,  creases  or  cracks  in  the  skin, 
wounds,  or  the  open  sores  which  are  the  effects  of  the  mercury.  Add  to 
these  the  habitually  diseased  condition  of  the  gums,  and  the  channels  by 
which  the  poison  may  effect  an  entrance  are  many.  It  is  difficult  to  say 
what  reactions  take  place  before  mercury  enters  the  circulation.  The 
presence  of  common  salt  in  solution  or  a free  acid  favours  the  dissolution 
of  the  metal.  Corrosive  sublimate  forms  with  albumin  an  allmminate  of 
mercury  which,  though  insoluble  in  water,  is  readily  dissolved  in  the 
presence  of  salt  solution.  Until  lately  water-gilders  made  use  of  mercury 
for  depositing  gold  on  metallic  surfaces ; and  in  mirror-silvering  it  was 
also  employed.  Water-gilding  in  this  countr}'  has  been  largely  supplanted 
of  late  by  electro  plating.  The  silverers  used  to  suffer  considerably  from 
mercurialism ; but  the  silvering  of  mirrors,  which  is  still  an  important 
industry,  is  now  practically  harmless  to  those  employed  in  it,  since  the 
process  by  which  metallic  silver  ciui  be  deposited  on  glass  from  the 
metallic  tartrate  has  come  into  use.  In  barometer-making,  bronzing, 
felt-hat  making,  skin  and  fur  dressing,  mercury,  or  its  salts,  such  as  the 
bichloride  and  acid  nitrate,  is  used ; and  poisoning  occurs  occasionally. 
In  what  is  known  as  “carotting,”  or  the  brushing  of  rabbit-skins  with  an 
acid  solution  of  nitrate  of  mercury,  the  men  lose  the  molar  teeth  in  the 
upper  and  lower  jaws.  The  teeth  that  remain  are  black,  and  arc  often 
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loose.  From  the  action  of  the  acid  fumes  the  teeth  become  eroded, 
the  enamel  suffering,  and  not  the  dentine,  as  in  caries.  The  gums  recede, 
and  lead  to  exposure  of  part  of  the  anterior  surface  of  the  roots  of  the 
teeth.  One  of  the  most  frequent  consequences  of  industrial  mercurialism 
is  tremor  of  the  limbs ; and  this  may  be  the  only  manifestation  of  any 
effect  U{X>n  the  system.  If  work-people  are  exposed  to  the  vapour  at  a 
high  temperature,  tremor  is  rapidly  induced ; hence  the  readiness  Avith 
which  it  attacks  those  who  are  engaged  in  smelting  the  metal  or  in 
making  amalgam.  Eight  per  cent  of  the  men  thus  employed  suffer. 
Certtiin  conditions  have  long  been  knoAvn  to  dispose  to  this  form  of 
poisoning;  for  example,  Avant  of  cleanliness  on  the  part  of  the  artisan, 
deprivation  of  food,  and  the  abuse  of  alcoholic  stimulants.  As  far  back 
as  the  early  part  of  the  last  century  Merat  denounced  the  uncleanly 
habits  of  gilders,  and  earlier  still  Jussieu  demonstrated  that  the  convicts 
in  the  mines  of  Almaden,  who  lived  continually  therein,  became  a ready 
prey  to  mercmdal  tremor ; the  free  miners,  on  the  other  hand,  who  lived 
in  the  neighbourhood  and  were  careful  to  exchange  their  clothing  and  to 
eat  only  after  Avashing,  enjoyed  health  as  good  as  other  people  in  the 
district.  Authors  who  haA'^e  subsequently  written  upon  the  conditions 
of  life  at  the  mines  of  Almaden  repeat  this  story.  As  late  as  1886 
Eaymond,  who  had  Ausited  the  mines,  states  that  the  work-people  possessed 
of  a good  constitution  who  follow  agricultm'e  after  their  mining  is  done, 
and  A\ho  lead  regular  lives,  are  almost  never  attacked ; and  if  they  are, 
then  health  is  soon  regained  by  desisting  from  work  in  the  mine  for  a 
time. 

In  the  ten  years  ended  1903  there  were  85  deaths  from  mercurial 
poisoning  in  England  and  Wales — 46  males  and  39  females;  of  these, 
31  males  and  22  females  were  cases  of  suicide,  mostly  from  corrosive 
sublimate. 

Morbid  Anatomy. — The  internal  lesions  deserve  notice.  By  Avhatso- 
ever  channel  mercury  has  been  administered,  the  intestine  is  generally 
found  to  contain  large  quantities  of  liquid  of  a yelloAV-brown  or  sanguino- 
lent  character ; the  bloody  matter  being  most  frequently  in  the  neigh- 
bourhood of  the  CcECum  and  in  the  large  intestine.  There  is  extensive 
desquamation  of  the  mucous  membrane  of  the  small  intestine  and  cfecum, 
Avith  hyperfemia  and  ecchymoses.  It  is  difficult  to  explain  the  intestinal 
hyperjemia  in  mercurial  poisoning.  It  may  be  due  to  altered  blood- 
pre.ssure,  the  existence  of  Avhich  Mering  demonstrated,  or,  as  Boy’s 
experiments  upon  colchicum  suggest,  to  an  elimination  of  the  mercury 
by  the  intestinal  mucous  membrane.  The  latter  is  the  more  likely 
explanation. 

In  one  of  Prevost’s  cases,  that  of  a man  poisoned  by  mercuric  nitrate, 
the  kidneys  were  the  seat  of  a peculiar  form  of  nephritis.  The  epithelial 
cells  of  the  convoluted  tulailes  Avere  gianular  and  opafpie ; in  places  the 
tubules  were  filled  with  compact  m.-issea  composed  of  chalk.  In  subacute 
ca.scs  of  mercurial  poi.soning  flecalcification  of  the  bones  occurs  aa  ith  a 
deposit  of  lime  salts  in  the  kidneys. 


1004 


Sysr£M  OF  MEDICINE 


Although  large  doses  of  mercury  cause  deterioration  of  health,  in 
very  small  doses  the  drug  seems  to  act  as  a stimulus  to  nutrition.  Many 
patients  put  on  flesh  when  taking  mercury;  and  their  blood-making 
organs  have  theii'  functional  activity  increased,  as  witnessed  by  the  larger 
number  of  red  blood-cells. 

Mercury  is  eliminated  by  the  kidneys  and  saliva,  and  by  the  milk  of 
nursing  women ; whilst  its  insoluble  salts  pass  out  by  the  bowels.  Tike 
lead  it  is  supposed  to  enter  into  combination  with  albuminous  bodies  in 
the  tissues,  there  remaining  inert,  to  be  subsequently  oxidised  and  returned 
to  the  circulation  as  an  active  poison.  INIercury  has  been  found  in  the 
urine  and  saliva  two  and  four  hours  respectively  after  having  been 
swallowed,  and  in  the  urine  fourteen  hours  after  having  been  applied  to 
the  skin.  Although  it  is  said  to  be  thrown  out  of  the  system  entirely 
and  with  some  rapidity,  mercury  has  been  found  in  the  brain,  liver, 
muscles,  and  kidneys  of  animals.  It  is  probable,  therefore,  that  while  a 
single  dose  of  mercury  is  rapidly  eliminated  from  the  system,  rejieated 
small  doses  distributed  over  a long  period  are  not  regularly  eliminated ; 
hence  more  or  less  of  it  is  deposited  in  the  tissues. 

Mercury  is  detected  in  organic  substances  and  fluids  by  what  is  known 
as  Ludwig’s  method.  Urine  is  evaporated  to  dryness  and  then  treated 
with  hydrochloric  acid ; or  the  urine  may  be  simply  acidified  and  then 
heated  to  50-60°  C. ; the  suspected  tissues  are  cut  small  and  boiled  in 
20  per  cent  hydrochloric  acid.  To  these  granular  zinc  or  finely  divided 
copper  is  added,  and  the  whole  is  shaken  up  well  and  then  allowed  to 
settle.  After  poiiring  off  the  supernatant  fluid  the  sediment  obtained 
upon  a filter  is  well  washed  with  boiling  water  and  dried  at  60°  0.  It 
is  then  placed  in  a combination  tube  of  hard  glass  and  covered  Avith  a 
plug  of  asbestos,  upon  which  is  placed  a layer  of  granular  oxide  of  copper. 
Another  asbestos  plug  and  layer  of  zinc  previously  dried  and  heated  may 
be  added.  The  tube  is  now  draAvn  out  into  a thin  capillary  extremity 
and  combustion  made.  The  mercury  is  deposited  as  a metallic  powder 
in  the  capillary  tube.  This  portion  is  now  broken  off  and  a few  particles 
of  iodine  placed  in  it  whilst  it  is  still  hot.  As  the  iodine  A'^apour  impinges 
upon  the  mercury  scarlet  mercuric  iodide  is  formed  Avhich  is  at  once 
recognisable  by  its  colour.  A readier  test,  after  boiling  Avith  hydro- 
chloric acid  and  Avatcr,  is  to  place  a piece  of  pure  copper  foil  in  the  tube 
Avhile  the  liquid  is  Avarm ; if  left  for  several  hours  it  acquires  a silvery 
lustre,  from  Avhich  globules  of  mercury  are  to  be  obtained  b)'^  sublimation. 

Symptoms. — The  tremor,  which  may  appear  suddenly  or  slowly,  is 
at  first  observed  on  movement  only ; but  ultimately  it  becomes  constant 
It  is  usually  limited  to  the  face,  hands,  and  arms,  and  is  confined  to 
certain  groups  of  muscles.  In  some  of  the  Amry  severe  cases  the  tremors 
may  be  so  violent  as  to  resemble  violent  chorea.  The  patient  prefers  to 
lie  on  the  floor ; he  can  neither  clothe  nor  feed  himself,  and  it  is  Avith 
difficulty  that  he  gets  more  than  short  snatches  of  sleep,  during  AAdiich 
the  trembling  disappears.  The  poAvers  of  cheAving  and  AA'alking  are 
affected.  Speech  may  become  sIoav  and  indistinct  from  involvement  of 
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the  muscles  of  articulation.  In  addition  to  the  tremor  there  are  frequentl}' 
stomatitis  with  abundant  salivation,  and  symptoms  of  gastric  catarrh  and 
diarrhiea  followed  by  emaciation  and  paralysis.  Like  the  salivary  glands, 
the  pancreas,  seems  to  be  readil}’^  influenced  by  mercury  ; hence  the 
Avatery  character  of  the  stools  and  the  large  congested  condition  of  this 
org-an  found  after  death.  In  some  cases  there  is  “ wrist-drop,”  as  in 
plumbism ; a condition  due,  says  Letidle,  to  degeneration  of  the  sheath 
of  peripheral  nerves,  the  axis-cylinders  remaining  healthy. 

Gingivitis,  profuse  ptyalism — the  saliva  being  secreted  to  the  extent 
of  from  one  to  two  gallons  a day,  fetid  breath,  ulceration  of  the  interior 
of  the  cheek  Avith  sloughing  followed  by  cicatrisation  or  periosteo-alveolar 
swelling,  fungous  gums,  decay  and  shedding  of  the  teeth,  conjunctivitis, 
and  cachexia  are  observed  in  industrial  mercurialism.  ExcessiA'e  saliva- 
tion is  frequently  accompanied  by  a slight  rise  of  temperatiu’e ; and  its 
progress  is  favoured  b}"^  the  existence  of  disease  of  the  kidneys.  The 
cachexia,  Avhich  resembles  that  of  scurvy,  is  characterised  by  great 
anaemia,  debility,  emaciation,  loss  of  hair,  pains  in  the  muscles  and  joints, 
and  cedema  of  the  feet.  There  is  a reduction  in  the  number  of  the 
coloured  corpuscles  and  in  the  albumin  of  the  blood.  Periostitis  and 
enlarged  glands  may  be  consequent  upon  the  state  of  the  gums ; and 
there  may  be  skin  eruptions  of  the  nature  of  erythema,  or  eczema, 
folloAved  by  desquamation.  Individuals  thus  affected  frequently  succumb 
to  phthisis.  The  cerebrospinal  system  may  become  affected ; the  patient 
may  complain  of  sleeplessness  or  giddiness,  or  of  epileptiform  seizures  and 
paralysis — the  paralysis  differing  from  that  met  A\dth  in  plumbism,  in  the 
persistence  of  the  normal  electric  contractility  of  the  muscles,  the  axis- 
cylinder  of  the  nei’A'es  not  being  destroyed : the  diagnosis  is  corroborated 
by  the  absence  of  a blue  line  on  the  gums,  and  the  history  of  the  occupa- 
tion of  the  patient.  The  tremor  resembles  that  observed  in  disseminated 
sclerosis  and  paralysis  agitans.  In  disseminated  sclerosis  and  in  mer- 
curialism the  tremors  appear  dui’ing  exertion,  and  cease  Avhen  the  patient 
is  at  rest  or  asleep;  those  occurring  in  hydrargyria  are  less  AAude  and 
irregular,  they  are  not  accompanied  by  nystagmus,  but  by  more  pro- 
nounced stammering  in  speaking.  In  both  diseases  the  tongue,  Avhen 
protruded,  is  tremulous.  In  paralysis  agitans,  on  the  other  hand,  the 
tongue  i.s  steady  Avhen  protruded,  and  there  is  little  or  no  oscillation  of 
the  limbs  during  effort ; the  tremors  are  observed  even  Avhen  the  patient 
i.s  at  rest,  they  affect  the  Avrist  and  fingers  particularly,  and  the  patient 
exhibits  a peculiar  forward  gait,  impelling  him  to  pass  from  a AA-alking  to 
a running  pace.  As  a distinguishing  feature  between  mercurial  tremor 
and  that  occurring  in  disseminated  sclerosis  Charcot  pointed  out  that 
while  the  oscillations  cease  during  rest  it  is  in  the  former  case  in  a 
remittent  manner  only  ; ami  they  reappear  from  time  to  time  Avithout 
the  patient  making  any  movement  spontaneously,  or  under  the  influence 
of  emotion  : where:is  in  insular  sclerosis  the  tremor  is  completely  absent 
during  re.st.  There  is  also  a superficial  resemblance  between  nieicuiial 
tremor  and  general  paralysis  of  the  insane.  In  the  latter  the  tremor  is 
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never  so  pronounced  j moreover  the  inecpuility  of  the  pupils,  the  grandiose 
ideas,  and  the  symptoms  of  spinal  degeneration  are  not  observed  in  mer- 
curialism.  Gcnei'ally  speaking,  it  is  upon  the  nervous  system  that  the 
poison  exerts  its  most  baneful  influence.  Two  young  men,  assistants  in 
the  chemical  laboratory  at  St.  Bartholomew’s  Hospital,  suflered  severely 
after  making  mercuric  methide.  Besides  emaciation  and  paralysis  of 
motion  and  sensation,  symptoms  of  acute  mania  set  in,  in  the  course 
of  which  one  of  the  sufferers  died  ; while  the  other,  who  never  thoroughly 
regained  his  health,  died  a few  months  afterwards  from  pneumonia. 
Symptoms  resembling  hysteria  may  be  met  with,  but  these  occur  in 
people  with  a proclivity  thereto ; whilst  in  other  cases  vertigo,  hallucina- 
tions, and  insanity — a condition  spoken  of  as  “mercurial  erethism” 
(Gowers) — mark  the  invasion  of  the  cerebrum.  Eemoval  of  the  indi- 
vidual from  the  influence  of  the  poison  may  be  quickly  followed  by  a 
subsidence  of  the  acute  symptoms.  By  the  various  emunctories  mercury 
is  eliminated  from  the  system ; nevertheless  the  process  may  be  slow 
and  extend  over  years.  Kussmaul  states  that  the  children  of  workers 
in  mercury  are  anaemic  and  ill-nourished  j and  that  they  frequently  sufter 
from  rickets  and  phthisis : also  that  women,  if  pregnant,  miscany  and 
that  the  infant  is  still-born.  Biiumler  quotes  the  case  of  a man — a 
gilder — who,  after  following  his  occupation  for  twelve  years,  Avas  obliged 
to  desist  on  account  of  tremor,  loss  of  memory,  shedding  of  teeth,  and  so 
forth.  He  married  three  times.  All  his  Avives  folloAved  the  occupation 
of  gilding.  By  his  first  Avife  he  had  four  children  : one  died  of  gangrene 
of  the  feet ; the  other  three  and  the  mother  died  of  phthisis.  By  his 
second  marriage  he  had  tAvo  children,  Avho,  Avith  the  mother,  died  of 
phthisis.  By  the  third  union  all  the  children  born  before  the  mother 
took  to  gilding  remained  Avell ; but  the  one  born  subsequently  died  from 
a cause  not  stated,  although  the  mother  died  of  phthisis.  In  “sole 
stitching”  by  American  machinery  the  men  are  said  to  have  become 
mercurialisecl  by  volatilisation  of  the  metal. 

Medical  men  are  compulsorily  required  to  notify  to  the  Home  Office 
all  cases  of  mercurial  poisoning  occurring  in  factories  and  Avorkshops. 
Some  persons  are  more  susceptible  to  mercury  than  others,  but  all  Avho  are 
brought  into  contact  Avith  the  metal  or  its  salts  when  at  Avork  in  the  factory 
must  submit  to  a periodic  medical  examination.  Improved  ventilation 
of  the  Avorkroom  has  diminished  industrial  mercurialism.  As  additional 
precautions  the  use  of  sulphur  baths,  careful  scrubbing  of  the  bodj'  Avith 
soap  and  water,  rinsing  the  mouth  Avith  chlorinated  Avater,  brushing  the 
teeth,  and  the  wearing  of  respirators  containing  a sponge  that  has  been 
dusted  Avith  sulphui',  or  soaked  in  a dilute  solution  of  sihmr  nitrate,  may 
bo  recommended.  Iodide  of  potassium  in  small  doses  is  regarded  as  a 
prophylactic,  but  it  easily  causes  iodism.  Tlie  internal  administration  of 
sulphur  and  plenty  of  milk  are  useful  jireventives.  Experience  has  sheAvn 
that  in  factories  in  Avhich  periodic  medical  examinations  by  the  certifying 
surgeon  are  made,  and  the  Avorkers  are  careful  in  keeping  their  moutbs 
and  teeth  clean,  it  is  unusual  for  symptoms  of  mercurial  poisoning  to 
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occur.  When  the  gums  have  become  soft  and  intiamecl  a mouth -wash 
composed  of  alum  and  potassium  chlorate  has  been  found  useful. 

Upon  animals,  as  upon  man,  mercury  exercises  an  injurious  influence 
when  applied  to  the  skin ; sjvlivation  and  stomatitis  occur,  folloAved  by 
paralytic  phenomena.  It  has  generally  been  supposed  that  Avhen  the 
metal  is  pure  and  swallowed  in  bulk  it  is  non-poisonous ; but  in  a case 
alluded  to  by  j\lr.  Wynter  Blyth  tremor  and  loss  of  muscular  power  wei-e 
seen.  Occasionally  profuse  dermatitis,  with  desquamation,  has  been  the 
consequence  of  administering  mercury,  therapeutically,  by  the  .skin  : death, 
indeed,  has  followed  the  practice.  The  symptoms  of  mercurialism  may  be 
met  with  in  any  person,  no  matter  by  what  channel  the  metal  entered 
the  system.  In  the  case  of  the  corrosive  salts  of  mercury — for  example, 
mercuric  chloride  or  corrosive  sublimate — the  symptoms  are  immediate 
and  very  severe.  Three  grains  have  proved  fatal.  Death  may  occur 
within  twenty-fom-  hours.  The  patient  complains  of  a sense  of  burning 
heat  in  the  throat  vdth  a sense  of  consti-iction  in  the  act  of  swallowing ; 
the  mucous  membranes  look  pale  and  shrivelled  as  if  they  had  been 
brushed  with  lunar  caustic,  CEdema  of  the  glottis  rapidly  comes  on, 
followed  shortly  after  by  death  from  asphyxia ; or  there  is  severe  epi- 
gastric pain  accompanied  by  repeated  vomiting  streaked  with  blood,  and 
diarrhoea  with  bloody  stools.  The  temperature  quickly  falls,  the  breath- 
ing becomes  difficult,  the  pulse  small  and  irregular,  the  urine  scanty  or 
completely  suppressed ; collapse  supervenes,  and  death,  which  may  or 
may  not  be  preceded  by  convulsions,  occurs.  After  death  the  whitened 
escharotic  condition  of  the  gastro-intestinal  mucous  membrane  is  very 
noticeable,  with  here  and  there  ccchymoses  and  black  patches  due  to  the 
deposit  of  sidphide  of  mercury. 

Similar  symptoms  have  followed  the  internal  administration  of  merciuic 
nitrate  and  its  external  application  to  the  cancerous  womb  ; and  the  more 
recent  and  extensive  employment  of  the  bichloride  of  mercm’y,  as  an 
antiseptic  in  surgery  or  as  a uterine  douche  in  midwifery,  has  been 
followed  by  symptoms  of  an  extremely  dangerous  character.  Of  the 
antiseptic  value  of  bichloride  of  mercury  there  is  no  doubt.  Koch  has 
demonstrated  that  1 in  1000  parts  of  water  will  destroy  the  most  virulent 
of  germs  in  non-albuminous  media.  If  albumin  be  present  this  becomes 
coagidated,  and  an  albuminate  of  mercury  is  formed  and  deposited,  which 
leaves  the  supernatant  liquid  free  from  the  drug,  and  therefore  withoiit 
antiseptic  power.  Laplace,  one  of  Koch’s  assistants,  has  shewn  that  this 
accident  may  be  averted  by  the  addition  of  a small  quantity  of  acid.  The 
acid  sublimate  is  therefore  the  sure.st  and  most  powerful  antiseptic.  In  a 
solution  so  weak  as  1 in  50,000  it  is  capable  of  destroying  the  microbes 
of  pus. 

iTevost  has  published  the  results  of  his  experiments  upon  annuals 
with  various  salts  of  mercury,  arlministercd  subcutaneously  or  ^ven  by 
the  mouth.  The  results,  if  the  dose  was  fairly  large,  were  diarrlm-a, 
great  debility,  albuminuria  with  tube-casts,  ha-maturin,  collapse,  and  death 
^thin  a few  hours.  When  the  do.se  was  smaller  the  symptoms  were  the 
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same,  but  less  severe ; they  were  accompanied  by  rapid  emaciation  and 
death  Avithin  a few  days.  As  in  arsenical  poisoning,  the  symptoms 
appeared  equally  Avhen  the  mercury  was  injected  subcutaneously  or  given 
by  the  stomach ; but  a smaller  dose  sufficed  when  given  hypodermically. 
In  some  of  Prevost’s  animals  death  supervened  within  a few  hours  after 
the  subcutaneous  injection  of  the  peptonate  of  mercury,  and  Avas  appar- 
ently due  to  paralysis  of  the  heart ; as  the  end  came  before  there  Avas 
time  for  any  lesions  of  the  internal  organs.  The  blood,  too,  Avas  dark 
and  diffluent,  similar  to  that  observed  Avhen  arsenic,  platinum,  or  sih^er 
nitrate  has  been  injected.  In  v.  Mering’s  experiments  the  kymograph 
registered  a very  rapid  and  progressive  fall  of  the  arterial  pressure, 
even  after  the  administration  of  atropine  or  section  of  the  vagi — a proof 
that  the  diminished  arterial  pressure  was  due  to  cardiac  failure. 

Treatment. — Ptyalism  is  relieved  by  mouth -Avashes  of  myrrh  and 
jAotassium  chlorate,  with  tonics  internally.  The  treatment  of  acute  mer- 
curial poisoning  consists  in  encouraging  the  vomiting,  usually  present,  b}'^ 
means  of  apomorphine  in  four-drop  doses  hypodermically  administered ; 
or  by  sulphate  of  zinc  given  by  the  mouth.  Generally  the  vomiting  is 
such  that  these  emetics  are  unnecessary,  as  also  the  use  of  the  stomach- 
tube,  so  needful  in  other  forms  of  poisoning.  In  .all  circumstances  the 
.administration  of  diluent  drinks  containing  Avhite  of  egg  is  called  for. 
If  there  be  much  p.ain,  ojjium  or  morphine  m.ay  be  given.  In  the  sIoav 
forms  of  poisoning  the  symptoms  must  be  de.alt  Avith  on  general  prin- 
ciples. The  nutrition  of  the  system  must  be  carefully  attended  to. 
Potassium  iodide  may  favour  the  elimination  of  the  poison.  For  mer- 
curial tremors  phosphide  of  zinc  in  pill  form,  -jL  to  of  a grain,  is 
recommended  to  be  taken  tAvice  or  thrice  daily. 

Copper 

Copper  is  AAudely  distributed  in  nature.  It  is  found  in  seAmral  soils 
and  in  spring  and  river  Avater ; occasionally  in  wheat  and  turnips,  in 
other  articles  of  food  and  drink,  and  in  the  blood  of  several  of  the  inver- 
tebrates. According  to  Dr.  Dupre  it  is  frequently  present  in  small  quantities 
in  the  liver  .and  kidneys  of  man,  but  more  pcarticularljr  of  ruminants. 
The  use  of  copper  cylinders  and  boilers  in  cooking  is  one  source  by  Avhich 
food  and  drink  may  become  adulterated.  Salts  of  the  metal  are  occa- 
sionally employed  to  im23.art  a green  colour  to  preserved  vegetables,  such 
as  green  peas,  so  as  to  render  them  attractive  to  the  eye ; and  in  France 
they  are  added  to  absinthe  to  improve  its  colour.  Cupric  sulphate  is 
administered  internally  as  an  emetic ; it  is  given  in  A'ery  small  doses  as 
a tonic  to  the  nervous  system,  and  is  used  in  diarrhoea  as  an  astringent. 
Applied  in  a Aveak  solution  externally  to  Avounds  it  acts  as  a stimulant 
and  astringent ; but  beyond  these  purposes  the  metal  is  little  employed 
in  medicine.  A considerable  amount  of  copper  is  present  in  ordinary 
bronzing  poAvders  for  lithographic  purposes ; and  it  is  a large  ingredient 
of  the  poAvders  Avhich  are  used  for  the  lilac  and  purple  fires  of  the  pyro- 
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technist.  Horses  and  cattle  can  take  large  doses  of  sulphate  of  copper 
(2  drachms  or  more)  without  any  apparent  bad  eftects;  but  the  same 
cpiantity  has  caused  very  serious  symptoms  in  the  human  subject.  When 
administered  by  the  mouth  it  acts  as  an  irritant  poison,  causing  violent 
and  persistent  vomiting,  ilepression  of  temperature,  and  death  from 
respiratory  failure ; but  when  given  hypodermicall}'  vomiting  is  not 
induced. 

Symptoms  of  copper  poisoning  in  man  appear  shortly  after  the  drug 
has  been  swallowed — in  from  one  cpiarter  of  an  hour  to  two  hours  ; these 
are,  a metallic  taste  in  the  mouth  with  salivation,  severe  vomiting  of 
green-coloured  matter,  colic,  and  purging  ; the  stools  contain  glairy  mucus 
ami  blood,  and  if  the  dose  lias  been  large,  death  follows  these  symptoms 
in  a few  hours.  It  is  often  preceded  b}'-  convulsions  and  delirium,  para- 
lysis, syncope,  scanty  or  suppressed  urine,  and  hemoglobinuria.  Should 
a fatal  termination  be  warded  off  for  the  time  being,  jaundice,  folloAved 
by  great  nervous  depression,  maj^  supervene.  In  fatal  cases  there  is  Avell- 
marked  gastro-iutestinal  inflammation  Avith  numerous  ecchymoses ; and 
the  liver  is  obserA'ed  to  be  fatty. 

In  the  treatment  of  acute  copper  poisoning  milk  and  eggs  are  efficient 
antidotes.  Eggs  should  be  beaten  Avith  water  or  milk  and  administered 
freely  so  long  as  vomiting  continues.  The  alkali  Avhich  is  present  in 
soap  renders  this  commonplace  article  also  useful  as  a means  of  treatment. 
Pure  prussiate  of  potassium  precipitates  cojjper  from  its  solutions,  and  in 
small  doses  may  prove  beneficial.  After  antidotal  treatment  has  been 
tried,  opium  in  small  doses  may  be  needed  for  the  relief  of  pain. 

As  an  industrial  disease  poisoning  is  practically  unknoAvn  in  the 
copper- works  on  Tyneside;  nor  does  occupation  in  the  copper- works 
appreciably  influence  an}^  disease  that  the  individual  may  subsecpiently 
suffer  from.  Occasionally  a metallic  taste  in  the  mouth  and  colic  are 
complained  of ; but  I have  seen  nothing  of  the  vomiting,  diarrhoea,  and 
wasting  mentioned  by  some  authors.  In  this  I am  confirmed  by  Houl6s, 
Avho  has  studied  the  condition  of  life  in  a village  full  of  copper-Avorkers, 
Avhere  for  the  last  four  hundred  years  this  industry  has  been  carried  on  ; 
sons  succeeding  their  fatliers,  so  that  an  ancestral  integrity  has  been 
established.  In  spite  of  their  long  hours  of  toil  in  an  unhealthy 
atmosphere,  of  green  lines  on  their  teeth  and  green  hair,  the  men, 
though  not  robust,  are  healthy,  the  average  age  at  death  being  60.  Not 
only  is  the  metal  found  in  their  secretions,  but  long  after  death  their 
Ixjnes  when  raked  up  are  green.  In  copper-Avorkers  the  gums  are  dis- 
coloured and  ulcerated,  and  the  teeth,  especially  the  incisors  and  canines, 
are  green.  On  more  careful  examination,  hoAvever,  it  is  observed  that  it 
is  not  so  much  a distinct  line  of  coloration  that  is  ])resent  on  the  gums, 
fis  a deposition  on  the  Uirtar  and  enamel  of  the  teeth  Avhich  is  easily 
removed  by  biushing.  Occasionally  in  old  copper-workers  the  inflam- 
mation and  ulceration  of  the  gums  lead  to  the  exposure  of  a considerable 
length  of  the  teeth.  The  coloration  is  due  to  the  deposit  of  particles  of 
copper  upon  the  teeth  and  their  chemical  combination  Avith  as.sociatcd 
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matter.  Copper  has,  apparently,  none  of  the  serious  eti'ects  upon  work- 
people that  lead  and  arsenic  have ; but  symptoms  generally  appear  if  the 
copper  is  combined  with  zinc  as  in  brass-moulding.  Galippe  took  fairly 
large  doses  of  copper  for  one  month  without  any  bad  effects;  and,  as 
dogs  to  whom  the  metal  was  administered  did  not  suffer,  it  is  evident 
that  considerable  quantities  may  be  passed  into  the  system  vnthout 
causing  much  injury.  Du  Moulin  experimented  upon  himself  and  family 
with  a similar  result.  A knowledge  of  these  facts  has  influenced  to  a 
large  extent  the  verdicts  of  courts  of  law  in  regard  to  the  adulteration  of 
food  and  tinned  vegetables  by  copper ; but  whilst  on  the  Continent 
public  opinion  is  disinclined  to  regard  artificially  coloured  vegetables  as 
dangerous,  in  this  country  several  convictions  have  taken  place.  So  fully 
convinced  is  the  French  Government  of  the  harmlessness  of  vegetables 
coloured  green  by  cooking  in  coijper  vessels  that  in  1889  it  revoked  the 
law  applying  thereto. 

Copper  is  therefore  regarded  by  many  as  not  a dangerous  metal. 
The  experiments  conducted  by  Laborde,  however,  clearly  indicate  that 
it  is  not  only  an  irritant  poison  when  given  by  the  stomach,  but  a 
cardiac  and  muscular  poison  when  administered  by  intravenous  injection. 
It  is  required  of  copper,  perhaps,  more  than  of  other  metallic  poisons 
(in  contradistinction  to  those  of  an  animal  nature)  that  the  dose  must  be 
large;  and  as  vomiting  is  sure  to  follow,  it  is  by  this  means  at  once  expelled 
from  the  system.  In  cases  where  copper  has  been  given  in  solution  and 
upon  an  empty  stomach  absorption  has  taken  place — for  the  metal  has  been 
found  post-mortem  in  the  liver,  kidneys,  lungs,  and  blood,  which  on  the 
addition  of  ammonia  give  a blue  colour  indicating  the  presence  of  the 
poison.  Admitting  that  traces  of  copper  may  be  found  in  the  liver  and 
kidneys  of  people  who  during  life  seemed  health3q  and  that  a kind 
of  tolerance  had  been  established,  it  must  be  acknowledged  that  beyond  a 
certain  point  the  salts  of  C02)per  are  toxic.  To  produce  serious  symptoms, 
however,  large  doses  are  required,  say  40  to  60  grains  of  copjDer  sulphate 
repeated  in  a few  hours. 

.Men  who  are  engaged  in  making  sulphate  of  coi^per  take  little  or  no 
harm ; there  is,  jjractically  speaking,  no  absorption  of  the  drug.  A 
malady  known  as  “ brass-founders’  ague  ” is  met  with  amongst  those  who 
are  engaged  in  making  moiddings  of  copper,  bronze,  and  brass.  Millon 
as  far  back  as  1847  found  that  coj^persmiths  suffered.  In  1862  Greenhow 
drew  attention  to  brass-making  as  a cause  of  ill-health  amongst  the  work- 
jieojile.  Previous  to  both  of  these  writers  it  is  true  that  Thackrah  had 
Avritten  xqDon  the  relationshij}  of  intermittent  fever  and  brass-founding ; 
but  it  is  to  Drs.  Hogben,  K.  M.  Simon,  Arli<lge,  and  W.  Murra}'  of 
Bii’mingham  that  we  are  indebted  for  a full  account  of  the  malady.  In 
brass-making,  cojqjer  and  zinc  and  small  quantities  of  lead,  tin,  and  brass- 
dust  are  melted  together ; and  it  is  during  the  act  of  pouring  this 
compound  from  the  crucible  into  monlds  that  the  zinc  deflagrates.  A 
dense  xvhite  cloud  of  oxide  of  zinc  fills  the  atmosjdiere  and  collects  upon 
the  rafters  and  ceiling  of  the  Avorkshop  in  the  form  of  a Avhite  incrusta- 
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tion.  It  is  notorious  that  the  men,  who  are  called  “ mixers,”  and  who  even 
try  to  protect  themselves  by  wearing  resjjirators,  suffer  considerably  in 
ill-ventilated  shops  from  ague  and  bronchitis.  Those  who  remelt  the  pig- 
bi-ass,  and  are  called  “founders,”  also  suffer  from  bronchitis  and  asthma, 
but  less  severely  from  ague ; although  from  the  molten  compounds  clouds 
of  zinc  are  given  off.  The  metal  after  being  polished  is  sent  to  the 
“ dippers,”  who  work  in  an  open  shed  : they  dip  the  brass  first  into  a 
weak  and  then  into  a stronger  solution  of  sulphuric  acid  and  soda ; 
afterwards  it  is  placed  into  pure  sulphuric  acid,  and  washed.  These  men 
do  not  sutler  from  ague  or  intestinal  troubles;  but  it  is  admitted  that  the 
work  is  dangerous  to  health  from  the  great  bronchial  irritation  caused  by 
the  acid  fumes.  According  to  Dr.  Simon  it  would  appear  that  those 
who  are  engaged  regularly  at  brass-making  do  not  suffer  from  ague ; 
it  atiects  rather  those  who  are  new  to  the  work,  or  who  have  absented 
themselves  from  it  for  a time.  Thus,  a degree  of  tolerance  seems  to  be 
established  towards  it.  In  a newcomer  the  exposure  of  a few  hours  to 
the  molten  metals  suffices  to  produce  the  ague.  The  individual  soon 
becomes  languid,  depressed,  and  cold ; he  is  pale  and  collapsed,  his  face 
is  covered  with  a cold  perspiration,  he  shivers,  his  teeth  chatter,  head- 
ache, nausea  and  Ammiting  folloAV,  and  after  this  there  usually  comes 
relief.  The  hot  and  sweating  stages  of  ague,  if  present,  are  scarcely 
recognisable.  In  no  manner,  therefore,  can  this  attack  due  to  metallic 
poisoning  be  compared  to  malarial  ague.  The  teeth  of  the  men,  in 
spite  of  the  use  of  the  tooth-brush,  are  always  discoloured  green.  The 
white  hair  of  the  Avork-people  is  frequently  coloured  green.  Although 
this  so-called  ague  is  of  common  occurrence,  the  men  seldom  go  to 
hospital  on  account  of  it.  They  know  how  to  treat  themselves.  Some 
of  the  men  who  are  engaged  in  the  dusty  part  of  the  factory  ultimately 
succumb  to  chronic  bronchitis  and  fibroid  phthisis.  The  records  of  their 
own  Benefit  Society  shew  that  they  are  a short-lived  body  of  men. 
Nervous  disorders  also  occur  Avith  considerable  frequency  amongst  them. 
Drs.  Suckling  and  SchlockoAV  allude  to  the  frequency  of  ataxia,  and 
Hogben  to  progressive  paresis  of  the  legs,  tremor,  and  muscular  Avasting 
as  also  occurring  in  them.  Brass-Avorkers  suffer  from  gastro-intestinal 
disturbance,  nause«i,  vomiting,  a metallic  taste  in  the  mouth,  colic, 
constipation  or  diairhcea,  headache,'  and  muscular  pains — a series  of 
symptoms  Avhich  I have  also  obseiwed  in  men  Avho  Avork  in  boot  and  shoe 
factories,  and  who  Avhilst  engaged  in  soling  boots  hold  brass  nails  in 
their  mouth.s.  These  men  become  pale,  and  are  frequently  the  subjects 
of  colic  and  gastro-intestinal  trouble. 

It  is  difficult  to  say  how  far  the  symptoms  met  Avith  amongst  brass- 
worker.s  are  ^lue  to  copper  or  zinc.  Sir  Thomas  Ste\^enson  maintains 
that  it  is  impo.ssible  to  distinguish  between  zinc  and  copper  poisoning. 
Drcerihow  beiievefl  that  the  symptoms  Avere  due  to  zinc,  llogbcn  to 
copper;  Avhilat  Dr.  Simon  regards  the  ague  .symptoms  as  due  to  the 
a<lmixture  of  the  metals,  and  the  more  chronic  complaints  as  due  to  the 
copper.  The  workmen  themselves  have  found  out  that  milk  is  the 
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remedy  during  the  attack  of  ague ; but  industrial  prophylaxis — such  as 
complete  ventilation,  the  wearing  of  respirators,  and  personal  cleanliness 
— is  imperative.  In  chronic  brass  poisoning  with  laryngeal  and  bronchial 
symptoms  potassium  iodide  has  been  found  serviceable,  while  in  ordinarv 
cases  phosphoric  acid  or  minute  doses  of  phosphorus  taken  thrice  dailv 
usually  relieves  symptoms  with  great  rapidity.. 

For  the  detection. of  copper  the  text-books  on  toxicology  may  be  con- 
sulted. It  is  sufficient  here  to  mention  that  with  fluids  containing  copper 
— (i.)  ammonia  gives  a blue  colour;  (ii.)  ferrocyanide  of  potassium  a 
brown-red  colour  or  precipitate ; (iii.)  the  addition  of  tartrate  of  soda  and 
sodium  hj'-drate,  and  boiling  with  a few  grains  of  grape  sugar,  give  a red 
precipitate  of  oxide  of  copper ; and  (iv.)  a needle,  or  the  clean  wire  of  a 
galvanic  battery,  if  immersed  in  the  suspected  fluid,  soon  becomes  coated 
mth  a red  metallic  film. 

In  certain  bacterial  diseases  copper  is  a prophylactic.  It  is  actively 
germicidal  to  typhoid  and  colon  bacilli.  Dilute  solutions  of  copper  salts 
have  been  found  to  be  destructive  to  bacteria  other  than  the  above. 
A.  H.  Stewart  found  that  in  three  hours  the  number  of  germs  in  raw  tap- 
water  would,  if  kept  in  copper  vessels,  fall  from  384,000  to  18,000  per 
cubic  centimetre,  and  that  water  containing  colloidal  copper  has  a more 
rapid  action  on  typhoid  organisms  than  upon  those  present  in  river  water. 
In  epidemics  of  typhoid  fever,  water  can  be  purified  of  typhoid  organisms 
by  allowing  it  to  stand  in  copper  vessels  for  three  hoiu's.  Experience 
has  demonstrated  the  harmless  effect  upon  health  of  copper  - treated 
drinking-water. 

Zinc 

Accidents  occasionally  follow  the  use  of  zinc  salts,  especially  of  the 
chloride  and  sulphate.  For  years  past  experts  have  been  in  search  of  a 
pigment  as  a substitute  for  the  white  carbonate  of  lead  so  freely  used  in 
painting;  and  both  the  sulphide  and  oxide  of  zinc  have  been  recommended. 
This  subject  was  carefully  inquired  into  bj'  the  White  Lead  Commission  : 
and  whilst  it  is  admitted  that  for  internal  decorative  purposes  oxide  of 
zinc  gives  on  the  whole  satisfactory  results,  it  has  not  the  covering 
power,  the  permaneiice,  nor  the  resistance  of  white  lead  to  extremes  of 
temperature  and  inclement  weather.  In  France  it  has  been  decided  to 
substitute  zinc  oxide  for  white  lead  wherever  practicable.  Zinc  Avhite 
(oxide)  is  used  in  calico  printing,  in  the  decoloration  of  glass,  and  in  the 
manufacture  of  artificial  meerschaum  pipes.  As  zinc  is  largely  present 
in  vessels  in  which  food  is  sometimes  cooked,  contamination  of  the  food 
may  occur ; for  the  metal  on  being  exposed  to  the  air  l)ecomes  coated 
with  a film  of  oxide  of  zinc  which,  though  insoluble  in  Avater,  becomes 
readily  soluble  if  a trace  of  chloride  of  sodium  be  present.  The 
presence  of  chlorides  generally  favours  the  solvent  action  of  Avater 
upon  zinc,  Avhilst  cai’bonate  of  lime  diminishes  it.  Milk  may  thus 
become  readily  contaminated.  Milk  contained  in  zinc  A’essels  does  not 
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become  sour,  probably  because  the  zinc  oxide  combines  with  the  lactic 
acid  forming  the  very  sparingly  soluble  lactate,  and  thus  with- 
draws from  the  milk  the  lactic  acid  upon  which  its  souring  depends. 
According  to  Harnack  zinc  salts  produce  paralysis  of  the  cardiac 
and  voluntary  muscles.  The  oxide  of  the  metal  in  the  proportion  of 
0'08  gi-amme  to  0'0-tr  kilo  of  the  animal  may  cause  death  in  rabbits. 
In  my  own  e.xperiments  zinc  oxide  was  administered  to  animals 
over  a veiy  long  period,  and  in  considerable  doses ; but  when  the 
drug  was  perfectly  pure  there  were  none  of  the  rapidly  fatal  results 
which  Falck  and  others  described.  One  of  the  reasons  why  zinc  oxide 
has  been  so  strongly  recommended  to  house  painters  is  its  harm- 
lessness compared  to  lead  carbonate.  I am  not  ])repared  to  say  that 
zinc  white  is  absolutely  innocuous  ; but  rabbits  take  it  by  the  mouth  for 
many  months  without  seeming  to  sufler  much  discomfort ; and  in  the 
mixing  department  of  large  colour-works  men  who  breathe  the  dust  and 
whose  clothes  are  covered  with  the  white  powder  do  not,  as  a rule,  suffer 
any  inconvenience.  It  may  seem  to  cause  headache,  nausea,  vomiting, 
and  cramp-like  pains  in  the  limbs ; but  as  zinc  oxide  is  frecpiently  impure, 
containing  small  cpiantities  of  lead  and  arsenic,  these  symjjtoms  are 
more  jwobably  due  to  the  adulteration  than  to  the  metallic  compound 
itself.  Spelter  workers  in  this  country — -that  is,  men  who  smelt  zinc  ore 
— occasionally  suffer  from  plumbism,  due  to  the  small  quantities  of  lead 
which  the  ore  contains  ; but  there  are  few  or  no  bad  effects  from  the  pure 
zinc  fumes.  Zinc  smelters,  according  to  Schlockow,  rarely  live  beyond 
the  age  of  forty-five  years.  They  frequently  die  from  catarrh  of  the 
bronchial  or  pulmonary  mucous  membrane  accompanied  by  pecidiar 
nervous  .symptoms,  beginning  with  burning  sensations  and  heightened 
reHe.x  e.xcitabilit)'^  in  the  legs,  and  followed  by  signs  of  myelitis. 

Death  from  chronic  zinc  poisoning,  or  from  the  sulphate,  is  extremely 
rare.  However  irritant  a poison  the  latter  may  be,  it  is  such  a strong 
emetic  that  by  means  of  the  vomiting  which  it  causes  its  elimination  is 
at  once  accomplished.  Sulphate  of  zinc,  to  the  extent  of  one  ounce,  has 
been  taken  by  mistake  for  Epsom  salts.  The  patient  suS'ered  from 
violent  vomiting  and  purging,  severe  cramps  in  the  legs,  and  great  prostra- 
tion ; but  he  recovered.  The  salt  has,  however,  caused  death,  the 
symptoms  being  vomiting,  purging,  collapse,  and  death  in  thirty  hours. 
Subsequently  zinc  was  found  in  the  stomach,  liver,  and  si)leen.  Penfold 
relates  the  ca.se  of  a girl  who  died  3^  hours  after  taking  suliihate  of  zinc 
to  produce  abortion. 

Zinc  chloride  is  a stronger  poison,  and  is  capable  of  killing  by  its 
pi-imarj'  and  secontlary  effects.  It  has  a powerful  affinity  for  water, 
and  dehydrates  the  tissues  with  which  it  is  brought  into  conhict;  to 
this  peculiar  influence  its  caustic  action  is  due.  Burnett’s  disinfecting 
fluid,  which  contains  large  quantities  of  zinc  chloride,  has  been  a frequent 
cause  of  poisoning  in  this  country.  Death  has  followed  the  rcjicated 
external  application  of  Canf|Uoin’s  j>astc — a mixture  of  zinc  chloride,  flour, 
and  water — as  a cure  for  cancer  ; the  symptoms  observed  during  life 
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being  those  met  with  in  zinc  poisoning,  namely,  a burning  pain  in  the 
lips,  tongue,  and  throat,  excessive  salivatioji,  bloody  vomit,  diarrhoea, 
collapse,  and  death  within  a few  hours.  When  death  has  not  rapidly 
followed,  a peculiar  group  of  symptoms  has  arisen ; for  example,  a ])er- 
verted  sense  of  taste  and  smell,  aphonia,  spasms  of  the  voluntary  muscles, 
great  fatigue,  and  impaired  vision.  A dose  of  G grains  of  zinc  chloiide 
has  caused  death,  while  as  large  a cpiantity  as  200  grains  has  been 
recovered  from.  Zinc  chloride  may  be  present  in  canned  vegetables, 
owing  to  zinc  dissolved  in  hydrochloric  acid  having  been  used  for  solder- 
ing the  tin. 

Morbid  Anatomy. — When  sulphate  of  zinc  has  proved  fatal  there 
have  been  evidences  of  inflammation  of  the  stomach  and  bowels,  accom- 
panied by  a peculiar  tripe-like  wi’inkling  of  the  mucous  membrane ; 
whilst  the  surface  presented  a uniform  dirty  grey  colour.  In  death  from 
chloride  of  zinc  the  lining  membrane  of  the  mouth  and  throat  is  white 
and  opaque,  the  stomach  is  hard  and  leathery,  congested  or  ulcerated. 
AVhen  the  fatal  issue  has  been  postponed  for  a time  cicatricial  conti-action 
of  the  oesophagus  and  stomach  has  occurred. 

The  treatment  of  the  acute  poisonous  symptoms  due  to  zinc  salts 
consists  in  the  administration  of  eggs  and  milk,  tannin  or  green  tea ; and 
in  the  allaying  of  gastric  irritability.  The  more  chronic  symptoms  must 
be  treated  on  general  principles  as  they  arise. 

For  the  detection  of  zinc  in  organic  liquids  or  solids  the  elaborate 
methods  described  in  text-books  on  chemistry  and  toxicology  must 
be  used 


Antimony 

In  this  country  there  are  very  few  antimony  works ; of  these  one 
of  the  largest  is  on  Tyneside,  ffere  large  quantities  of  sulphide  of 
antimony,  the  raw  material  that  comes  from  the  mines  of  Japan,  are 
smelted  along  with  iron  filings  ; the  result  being  sulphide  of  iron  and  pure 
antimony.  The  men  who  smelt  the  ore  suffer  no  bad  effects,  practically 
S])eaking,  from  the  fumes  of  the  metal.  The  workmen  are  not  brought 
into  such  close  contact  with  the  molten  metal  as  in  the  smelting  of  some 
other  ores ; besides,  the  industry  is  carried  on  in  well-ventilated  shops. 
The  only  trouble,  and  it  is  more  of  the  nature  of  an  inconvenience,  that 
is  felt  by  the  men  is  that  as  their  work  is  hot  and  they  perspire  freely, 
the  skin  is  extremely  liable  to  become  the  seat  of  an  herpetic  eruption, 
at  first  vesicular,  subsequently  pustular,  and  excessively  itchy.  This 
eruption,  which  is  called  by  the  workmen  the  “ pox,”  occurs  where  the 
skin  perspires  most  freely — -behind  the  neck  and  along  the  upper  part  of 
the  abdomen.  Eulenburg  states  that  workmen  Avho  ha\"e  long  been 
exposed  to  the  fumes  of  the  oxide  of  antimony  sufi’er  from  vesical  and 
urethral  pains,  and  atrophy  of  the  testicles  leading  to  impotence.  Several 
of  these  men  whom  I have  examined  were  i)ale ; bnt  only  one  or  two  of 
them  had  suffered  from  colic  and  gastro-intestinal  disturbance,  and  this 


METALLIC  AND  OTHER  POISONS 


loi  5 

very  slightly.  Antimony  smelting  docs  not,  therefore,  appear  in  itself 
to  be  a dangerous  industry.  The  pure  metal  is  employed  for  making 
printei-s’  type — in  the  finishing  of  which,  however,  the  dust  is  inhaled, 
which  is  said  to  cause  colic  e.xactly  resembling  that  of  i)lumbism.  Prob- 
ably this  is  due  rather  to  lead,  which  is  present  in  type-metal,  than  to  the 
antimony  itself.  Mr.  Pond  of  Liverpool  and  Dr.  J.  C.  Thresh  have 
drawn  attention  to  an  unexpected  source  of  chronic  antimony  poisoning, 
viz.  the  use  of  india-rubber  rings  on  bottles  containing  aerated  beverages 
Lubber  has  been  found  to  contain  15  to  25  per  cent  of  sulphide  of 
antimony.  From  rubber  rings  that  have  become  worn  the  metal  is  more 
easily  dissolved.  As  much  as  1 milligramme  grain)  to  0’7  milli- 

gramme (i^  grain)  has  been  recovered  from  a solution  in  which  rubber 
had  been  soaked.  Mr.  Pond  is  of  the  opinion  that  the  daily  ingestion 
of  small  quantities  of  antimony  sulphide  in  these  cii-cumstances  is  a cause 
of  appendicitis  and  gastro-enteritis  mth  possibly  ulceration.  Mr.  Pond’s 
views  as  regards  appendicitis  require  confirmation. 

Of  the  antimonial  salts,  tartar  emetic — a tartrate  of  potassium  and 
antimony — -is  the  most  important.  Tavo  grains  of  this  have  proved  fatal 
to  an  adult,  and  two-thirds  of  a grain  to  a child.  Horses  and  cattle 
exhibit  a Avonderfid  tolerance  of  the  drug:  they  can  take  from  60  to  90 
grains  three  times  a day  Avithout  much  inconvenience.  "Whether  tartar 
emetic  be  administered  to  man  or  the  loAver  animals,  by  the  mouth  or 
subcutaneously,  the  effect  is  the  same — A'omiting  takes  place,  and  the 
heart’s  action,  Avhich  is  at  first  quickened,  becomes  sloAver  and  paralysed, 
probably  from  the  direct  action  of  the  drug  upon  the  heart. 

When  given  in  small  doses  to  animals,  and  for  a long  time,  diarrhoea, 
great  hebetude,  loss  of  appetite,  and  emaciation  have  been  obserA^ed ; 
pregnant  animals  haA^e  miscarried.  Death  has  been  preceded  by 
conA'ulsions,  and  small  ulcers  have  been  observed  in  the  mouth.  In 
man  the  svmptoms  resemble  those  produced  by  arsenic.  If  the  dose 
of  tartiir  emetic  has  been  large,  vomiting  may  not  occur,  or  it  may  be 
accomplished  with  difficulty  : there  may  be  violent  pains  in  the  abdomen 
and  purging,  Avith  rigidity  of  the  muscles  of  the  abdomen  and  arms, 
folloAA-ed  by  profuse  perspiration,  continiiing  for  several  days.  Applied 
to  the  skin  in  the  form  of  ointment  it  may  give  rise  to  a pustular  eruption 
and  be  folloAved  by  vomiting  and  purging. 

If  A'ery  small  doses  be  given  for  a long  time  a metallic  taste  in  the 
mouth  i.s  complained  of,  also  frequent  vomiting — the  vomit  being 
.sometimes  bloody — great  faintness  and  bodily  Aveakness,  pains  in  the 
aVIomen,  and  diarrhfca.  Should  the  case  advance  to  a fatal  termination 
death  is  often  preceded  by  suppre.ssion  of  urine,  a marked  fall  of  the 
temperature,  cyanosis  of  the  face,  delirium,  and  convulsions.  Frequently 
there  is  a pustular  eruption  on  the  .skin.  The  I’almei-  and  Pritchard  trials 
flemonstrated  that  even  medical  men  might  mistake  the  symptoms  of 
chronic  antimony  poi.soning  for  natural  disease — the  .sym])toms  being 
nausea,  vomiting,  chronic  diarrho-a  alternating  Avith  constipation,  a small, 
frequent  pulse,  loss  of  voice,  great  muscular  Avcakne.ss,  coldness  of  the 
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skin,  and  clammy  perspiration.  In  other  cases  flushing  of  the  face  with 
mental  excitement,  suggestive  of  mild  alcoholic  intoxicjition,  has  been 
observed. 

Morbid  Anatomy. — The  post-mortem  appearances  met  with  in  poison- 
ing by  tartar  emetic  are  inflammation  of  the  stomach  and  intestines,  with 
small  ulcers  and  pustules ; oi'  larger  ulcers  that  are  sloughing.  The 
solitary  glands  of  the  intestine  may  be  enlarged  and  yellow,  whilst  the 
liver,  kidneys,  and  heart  shew  fatty  change. 

Like  the  other  metallic  poisons  antimony  is  eliminated  by  the  urine ; 
hence  in  cases  of  suspected  antimonial  poisoning  the  urine  of  two  or  three 
days  should  be  collected,  concentrated  by  evaporation,  and  acidified  with 
hydrochloric  acid.  This  fluid  is  subsequently  transferred  to  a platinum 
dish  in  which  is  placed  a slip  of  zinc  or  tinfoil.  By  means  of  ammonium 
sulphide  the  antimony  is  dissolved  out  as  the  yellow  sulphide.  For  more 
complete  analyses  Eeinsch’s  or  Marsh’s  tests  ma}^  be  employed. 

Towards  antimony  people  exhibit  a peculiar  idiosyncrasy.  Some  are 
easil}'^  affected  by  the  minutest  dose,  others  are  exti-emely  tolerant  of  it. 
It  is  well  to  remember  that,  as  tartar  emetic  rapidly  leaves  the  body  by 
vomiting  and  purging,  only  the  smallest  trace  of  antimonj'^  maj'^  be  found 
in  the  body  after  death ; a fact  of  wliich  lawyers  engaged  for  the  defence 
in  criminal  cases  are  apt  to  make  the  most. 

Treatment. — As  poisoning  by  antimony  is  generally  due  to  tartar 
emetic  it  is  more  than  probable  that  the  patient  will  have  vomited  freely  : 
if  not,  the  stomach -tube  must  be  emplo}md.  Once  the  stomach  is 
thoroughly  washed  out  there  should  be  passed  into  it  some  strong 
infusion  of  tea  or  tannin.  Should  vomiting  not  have  occurred,  or  the 
stomach-pump  be  inaccessible,  a h^^^podermic  injection  of  apomorphine, 
,'^th  of  a grain  repeated  every  ten  minutes,  or  :|th  of  a grain  at  a 
single  administration,  is  called  for.  Subsequently  demulcent  drinks  are 
of  great  service.  As  considerable  bodily  depression  and  a fall  of  the 
temperature  are  apt  to  take  place,  the  heat  of  the  body  must  be  main- 
tained by  the  application  of  hot  bottles  and  warm  blankets,  and  the 
administration  of  stimulants  by  the  rectum.  Should  signs  of  cardiac 
failure  be  present,  the  application  of  the  interrupted  galvanic  current  to 
the  chest  must  be  resorted  to. 

There  is  a form  of  antimonial  poisoning  in  which,  according  to  Huse- 
mann,  neither  vomiting  nor  purging  occurs ; where  the  symptoms  are 
those  of  intense  prostration  as  indicated  by  a cold  clammy  sweat, 
embarrassed  and  infrequent  respiration,  feeble,  slow,  and  intermittent 
pulse  ; and  in  which  delirium,  tremors,  or  convulsions  followed  hy  un- 
consciousness appear,  or  the  patient,  after  protracted  Ammiting  and 
purging,  dies  from  sheer  exhaustion.  For  such  cases  stimulants  and  sub- 
cutaneous injections  of  ether  are  necessary. 

Industrial  poisoning  from  antimony  hardly  ever  occurs.  M'orking  in 
well-ventilated  “ shops,”  attention  to  the  state  of  the  boAvels,  regular  living 
and  temperance,  and  personal  cleanliness  on  the  part  of  those  engaged 
in  smelting  the  antimony  ore,  are  desirable ; and  for  the  .skin  eruption  or 
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“ pox  ” as  it  is  called — which  is  due  to  excessive  pecspimtion — sponging 
with  a solution  of  bicarbonate  or  biborato  of  soda,  or  of  boi'acic  acid  and 
bismuth,  is  generally  sufficient  to  give  relief.  Abstention  from  work 
might  be  necessaiy. 

Carbolic  Acid 

Carbolic  acid  is  obtained  from  phenic  acid  or  phenylic  alcohol, 
a product  of  coal-tar  distillation.  It  is  used  in  the  manufacture 
of  dyes  and  salicylic  acid.  Although  known  in  1834,  it  was  not 
until  1863  that  Lord  Lister  introduced  it  into  surgery,  since  which 
time  it  has  become  widely  used  as  a disinfectant.  Being  thus  so  easily 
within  the  reach  of  the  public,  carbolic  acid  poisoning  had,  until  its  sale 
to  the  public  was  restricted,  become  extremely  common,  particularly 
among  women.  The  history  of  carbolic  acid  poisoning  is  comprised  within 
our  own  times.  From  the  first  recorded  case  of  accidental  poisoning  in 
1864,  and  of  two  suicides  in  1869,  there  has  been  a rajjid  increase  in  the 
annual  number  of  deaths  from  this  cause.  In  the  five  }7ears  ended  1870, 
suicide  by  carbolic  acid  first  appears  in  the  Registrar-General’s  Reports 
to  the  extent  of  1 ‘0  per  cent  of  all  suicides  by  poison.  In  the  quin- 
quenmum  ended  1875,  128  deaths  are  reported,  nearly  25  per  annum; 
42  of  these  are  suicidal,  23  females  and  19  males.  It  was  in  this  period 
that  the  Public  Health  Acts  were  passed  (1872-1875),  and,  as  a conse- 
quence of  the  general  interest  aroused  in  sanitation,  carbolic  acid,  then 
regarded  as  a reliable  disinfectant,  came  within  easy  reach  of  the  people, 
and  began  to  serve  as  a means  of  self-destruction.  An  increase  of  135 
per  cent  occurs  in  the  number  of  deaths  by  this  poison  during  the  five 
years  ending  1880,  the  deaths  being  181,  of  which  -81  (53  females  and 
28  males)  were  suicidal;  that  is,  7 ’8  per  cent  of  the  suicides  from  all 
poisons.  In  the  quinquennium  ended  1885,  302  deaths  from  carbolic 
acid  poisoning  are  registered,  of  which  191  (99  females  and  92  males) 
were  self-caused;  that  is,  15 '6  per  cent  of  all  suicidal  poisonings.  For 
the  five  years  ended  1890,  342  deaths  are  recorded,  of  which  215  were 
suicidal ; an  average  of  43  per  annum,  and  15’4  per  cent  of  all  suicides  bj' 
poison.  During  the  four  years  ended  1894  the  number  of  deaths  from 
carbolic  acid  poisoning  had  still  increased : 549  deaths  having  been 
reported,  of  which  420  or  76 ’5  per  cent  are  suicidal,  equal  to  105  annually^ 
The  history  of  carbolic  acid  poisoning  is  a gloomy  record,  for  whilst  in 
the  period  1861-65  the  suicides  by  carbolic  acid  Avere  O'OO  per  cent  of 
all  .suicides  from  poi.sons ; they  formed  in  1866-  70,  1 per  cent;  in 
1871-75,  5-82  per  cent;  in  1876-80,  7 93  per  cent;  in  1881-85,  15'37 
percent;  in  1886-90,  15-49  percent;  and  in  the  (luinquennium  ended 
1904,  26-66  per  cent.  According  to  Dr.  John  Tatham  there  were 
regi.stered  in  the  quinquennium  ended  1904  833  deaths  from  carbolic 
acid  {)oi.soning,  410  males  and  42.3  females.  Of  these,  .3.34  males  and 
.361  females — together  695  persons  or  83  percent — were  eases  of  suicide. 
Carbolic  acid  stands  first  on  the  list  of  agents  causing  death  by  jioi.son 
in  the  quinquennium  ended  1901. 
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Since  the  introduction  of  the  intestinal  antiseptic  treatment  for  tlie 
various  foirns  of  auto-intoxication  due  to  the  absorption  of  poisons 
elaborated  within  the  alimentary  canal,  carbolic  acid  pure,  or  in  combina- 
tion with  soda  as  sulpho-carbolate,  has  been  freely  prescribed.  Of 
the  beneficial  effects  of  this  line  of  treatment  there  is  no  doubt.  The 
drugs  should  be  given  witli  a certain  amount  of  care,  and  not  for 
too  protracted  a period,  as  the  urine  may  become  discoloured  and  the 
patients  complain  of  much  malaise.  In  the  early  days  of  antiseptic 
surgeiy,  when  the  carbolic  spray  was  employed  in  cases  of  ovariotomy, 
it  was  no  uncommon  thing  for  those  assisting  at  the  operation  to  suffer 
from  headache,  a general  feeling  of  malaise,  altered  sensibility  of  the 
skin,  and  occasionally  vomiting. 

Morbid  Anatomy. — In  animals  killed  by  carijolic  acid  the  post-mortem 
appearances  have  occasionally  been  simply  an  intense  injection  of  the 
alimentary  and  bronchial  mucous  membranes,  and  congestion  of  the 
lungs.  The  cells  of  the  liver  and  kidneys  undergo  fatty  change.  In 
man  similar  appearances  have  been  found  after  death.  The  mucous 
membrane  of  the  mouth,  oesophagus,  and  stomach  may  present  numerous 
white  spots,  with  occasionallj'^  a dark  centre  and  an  inflammatory  border, 
due  to  the  local  action  of  the  poison.  The  liver,  kidneys,  and  spleen  may 
be  congested  and  filled  with  dark  liquid  blood.  In  one  of  my  male 
patients  who  died  on  the  8th  day  after  swallowing  an  ounce  of  carbolic 
acid  the  vomit  on  microscopical  examination  shewed  numerous  large 
flattened  epithelial  cells,  extremely  fatty,  Avhich  had  evidently  come  from 
the  mouth  and  (esophagus ; and  similarly  in  the  urine,  in  addition 
to  masses  of  debris,  were  many  round  cells,  shewing  marked  fatty 
degeneration.  The  urine,  although  albuminous,  contained  a normal 
percentage  of  urea.  Ou  the  fifth  day  several  sloughs  of  gastro-intestinal 
mucous  membrane  tu’o  inches  in  length  and  of  a yellowish-brown  colour 
were  passed  by  the  anus  without  any  bleeding.  The  day  before  death 
the  heart  rapidly  dilated,  a mitral  systolic  murmur  appeared,  and  the 
sounds  became  extremely  feeble. 

Symptoms. — Carbolic  acid  causes  severe  symptoms  whether  swallowed 
by  the  mouth,  breathed  as  vapour,  administei'ed  in  enema,  api^lied  to  the 
broken  skin,  or  taken  in  large  doses  in  the  form  of  carbolate  of  soda. 
Less  than  half  an  ounce  of  pure  carbolic  acid  has  proved  fatal.  The 
dark  carbolic  acid  of  commei’ce  owes  its  colour  to  such  impurities  as 
cresol  and  cresylic  acid — substances  which  render  it  stronger  as  a germi- 
cide, but  only  one-fourth  as  poisonous  to  the  higher  animals.  When  a 
strong  solution  of  carbolic  acid  is  applied  to  the  skin  it  causes  a peculi.ar 
numbness,  followed  later  by  irritation,  and  usually  by  a pustular  eruption 
or  desquamation  of  the  skin,  which,  white  at  first,  afterwards  becomes 
brown.  Messrs.  Clement  Lucas  ami  Lane  have  reported  two  cases  in 
vdiich  coma  and  other  serious  symptoms  arose  from  the  application  of  a 
1 in  20  solution  to  the  skin  ; and  similar  effects  have  followed  the  wash- 
ing out  of  em]iyemas  and  large  abscess  cavities.  After  a few  da)'s’ 
successive  washing  out  of  the  pleural  cavity  symptoms  of  poisoning  have 
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compelled  suspension  of  the  treatment.  The  application  of  strong  car- 
bolic acid  to  the  interior  of  the  nterns  and  cervix  uteri  in  one  of  my  own 
{xitients  caused  extremely  unpleasant  symptoms,  accompanied  by  a rise 
of  temperature ; and  similar  but  more  severe  sj’mptoms  were  obser;-ed  in 
obstetric  practice  by  Kiistner,  on  washing  out  the  uterus  with  a 5 per 
cent  solution  of  carbolic  acid.  The  patient  became  livid,  clonic  convul- 
sions supervened  with  temporary  loss  of  consciousness,  and  death  followed 
on  the  ninth  day  ; the  nterns  and  vagina  were  the  seat  of  aTi  intense 
membranous  inflammation.  It  has  been  conclusively  demon-strated  that 
women  who  have  lost  large  quantities  of  blood,  or  who  are  the  subjects 
of  septic  fever,  are  peculiarly  sensitive  to  the  influence  of  carbolic  acid  ; 
so  like^vise  are  children.  The  effects  of  the  acid  upon  animals  are  similar 
to  those  observed  in  man.  Crude  carbolic  acid  applied  accidentally  over 
a large  part  of  the  skin  has  caused  extensive  burns,  rapid  unconsciousness 
and  death  in  a few  minutes. 

If  a large  dose  has  been  swallowed  there  is  complaint  of  brnming  in 
the  mouth  and  throat ; the  patient  feels  faint ; the  face  becomes  pale 
and  covered  with  clammy  perspiration ; unconsciousness  and  perhaps 
convulsions  gradually  supervene ; the  breathing  becomes  shallow  and 
laboured,  and  death  comes  soon  after  from  respiratory  failure,  the  heart 
beating  for  a few  minutes  after  breathing  has  ceased.  Resuscitation  in 
some  cases  may  be  still  effected  by  artificial  respiration.  The  vomit  is 
frequently  bloody  and  smells  strongly  of  the  poison.  The  lips  are  dry 
and  frizzled ; the  tongue  is  white  or  brownish  ; the  patient  cannot  allow 
the  epigastrium  to  be  pressed  on  account  of  pain.  The  temperature  tends 
to  fall  at  first,  but  it  may  rise  within  the  next  few  days  and  the  patient 
may  complain  of  an  intolerable  thirst.  The  urine  from  a case  of  carbolic 
acid  poisoning  may  be  normal.  Much  moi’e  frecpiently  it  is  yellow  when 
passed  ; gradually  it  becomes  dark  olive,  and  finally'  dark  brown  or 
blackish-green.  If  treated  with  nitric  acid  and  then  with  liquor  potassffi, 
it  becomes  after  concentration  blood-red  in  colour,  and  changes  through 
pea-green  to  violet ; a fact  of  some  importance,  for  on  the  simple  addition 
of  carbolic  acid  to  urine  the  mixture  does  not  respond  to  this  test.  It 
may  or  may  not  contain  albumin.  In  any  case  where  such  a discoloured 
urine  has  been  passed  by'  a patient  who  is  the  subject  of  coma  or  con- 
vulsion.?, the  diagnosis  of  carbolic  acid  poisoning  may  be  made  with 
certainty'.  According  to  Baumann  the  darkened  colour  of  the  urine  is 
due  to  the  fact  that  when  carbolic  acid  is  taken  internally  it  is  eliminated 
as  phenyl  sulphuric  acid  or,  more  strictly  speaking,  as  pobissic  pheny'l 
STilphate  ; and  from  this  hydroquinone  and  pyrocatechin  are  formed,  which 
on  exposure  to  the  air  become  dark  brown  by  oxidation.  According  to 
Prof.  Halliburton,  pyrocatechin,  like  sugar,  has  the  power  of  reducing 
alkaline  solutions  of  copper  wilts.  Tlmdichum  .states  that  after  the 
ingestion  of  carbolic  acifl  a blue  |)ignicnt  is  found  in  the  urine.  1 he 
blfXKl  of  animals  poi.soned  by  this  acid  presents  nothing  abnormal  ; .so  that 
whilst  the  colour  of  the  urine  suggests  the  presence  of  altered  blood-colour- 
ing matter  or  hiematin,  chemical  facts  do  not  sujiport  this  supposition. 
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for  the  urine  clears  up  on  heating  after  adding  an  acid.  Sir  Thomas 
Stevenson  states  that  the  urine  does  not  contain  more  than  the  normal 
proportion  of  iron ; and  Brieger  maintains  that  when  carbolic  acid  is 
taken  internally  it  unites  with  sulphuric  acid,  and  various  coloured  oxida- 
tion products  are  formed,  some  of  which  are  veiy  poisonous.  Chemical 
opinion,  therefore,  leans  to  the  view  that  the  acid  when  swallowed  enters 
into  sulphuric  acid  relationships,  and  that  the  tendency  is  for  the  ordinary 
sulphates  to  disappear  from  the  urine.  Sometimes  the  faeces  have  the 
odour  of  phenol,  and  are  dark  olive-green  in  colour.  Hoppe-Seyler, 
Nencki,  and  Brieger  believe  that  cai'bolic  acid  is  a constituent  of  normal 
urine,  and  that  it  is  present  also  in  the  faeces,  its  source  being  the  tyro.sin 
obtained  from  i^roteids  acted  upon  during  pancreatic  digestion. 

Since  carbolic  acid  coagulates  albumin,  absorption  of  the  drug  has 
been  cpiestioned ; yet  there  is  considerable  evidence  to  shew  that  it  is 
absorbed ; it  is  eliminated  as  such  in  the  urine,  which  also  contains 
numerous  oxidation  products  derived  from  it.  We  do  not  exactly  know 
the  form  in  which  it  circulates  in  the  blood,  but  it  is  probably  as  an 
alkaline  carbolate.  It  is  retained  for  a short  time  only  within  the 
system,  being  rapidly  thrown  out  in  the  excretions. 

Diagnosis. — In  cases  of  acute  carbolic  acid  poisoning  there  is  generally 
a distinct  odour  of  it  in  the  breath  ; this,  with  the  presence  of  white 
patches  on  the  lips  and  mucous  membrane  of  the  mouth,  and,  later,  the 
altei-ed  colour  of  the  urine,  are  sufficient  to  point  to  the  real  nature  of  the 
illness.  As  in  some  cases  neither  discoloration,  whitening,  nor  con- 
gestion of  the  lips  and  buccal  mucous  membrane  are  observable,  the 
medical  attendant  may  be  thrown  oft’  his  guard  unless  he  has  a history 
of  the  case  to  guide  him,  or  a phial  is  found  containing  poison. 

Treatment.-  Tlie  use  of  the  stomach -tube  and  washing  out  are 
immediately  called  for.  Emetics  are  of  little  service,  for,  owing  to  the 
anaesthetic  state  of  the  stomach,  they  fail  to  obtain  a response.  Whilst 
the  administration  of  alkalis  in  excess  is  useful,  Baumann  and  Hueter 
have  shewn  that  the  antidote  to  carbolic  acid  poisoning  is  a soluble  sul- 
phate ; for  during  this  form  of  poisoning  sulphates  disappear  from  the 
urine,  and  if  a soluble  sulphate  be  supplied  it  enters  into  combination  ndth 
the  acid,  forming  the  less  harmful  sulpho-carbolate  which  is  rapidly 
eliminated.  Other  writers,  notably  Sonnenburg  and  Cerna,  have  con- 
firmed the  value  of  alkaline  sulphates  in  the  treatment  of  acute  carbolic 
acid  poisoning.  The  former  found  that  the  dark  colour  of  the  urine  and 
other  symptoms  rapidly  disappeared  under  the  administration  of  sodium 
sulphate ; and  Cerna  in  his  experiments  upon  animals  had  equally  good 
results  from  the  administration  of  magnesium  sulphate.  But  these 
alkaline  sulphates,  to  be  efficacious,  must  be  exhibited  freel}’.  Schobert 
recommended  saccharate  of  lime  as  an  antidote  to  phenol  poisoning,  so 
long  as  the  poison  is  still  in  the  stomach ; after  it  has  passed  into  the 
intestine  he  gives  sodium  sulphate.  The  saccharate  of  lime  he  prepares 
thus: — Fresh  quicklime,  15  parts;  Sugar,  25  paits ; Water,  1000  parts: 
and  of  this  mixture  fairly  large  quantities  may  be  administered.  In  one 
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of  my  own  cases,  where  consciousness  was  long  in  returning,  we  transfused 
the  patient  with  saline  solution,  containing  sulphates,  in  the  hope  of 
forming  harmless  compoiuids  and  of  washing  out  the  poison  b}--  the 
kidneys.  Two  days  afterwards  the  urine  was  quite  clear;  it  had  lost  the 
colour  so  frequently  observed  in  these  cases.  Thirst  may  be  relieved  b}- 
lime-water  and  milk.  On  account  of  the  pain  in  the  mouth  and  throat 
nutrient  enemas  may  be  necessary. 


Bisulphide  of  Carbon 

In  consequence  of  the.  solvent  influence  of  bisulphide  of  carbon 
upon  various  resins,  such  as  caoutchouc,  or  gutbi-percha,  this  substance 
is  largely  employed  in  certain  industries.  It  is  a colourless,  volatile 
Huid,  with  a most  peneti'ating  and  repulsive  odour,  and  is  most 
destructive  to  all  noxious  insect  life.  Delpech  first  drew  attention 

to  poisoning  by  carbon  bisulphide;  and  to  what  he  Avrote  in  1863  little 
has  since  been  added.  His  experience  AA'^as  gained  in  the  india-rubber 
Avorks  in  Paris,  which  at  that  time  were  very  badly  ventilated.  Carbon 
bisulphide  is  used  to  soften  india-rubber  so  as  to  alloAv  of  its  penetration 
l>y  sulphur  in  the  canying  out  of  Avhat  is  knoAvn  as  vulcanisation. 
During  this  pi'ocess  the  A^apour  of  the  bisulphide  is  inhaled.  As  a result 
intoxication  folloAvs,  and  of  this  there  are  two  stages — (i.)  excitation,  and 
(ii.)  collapse — an  order  which  resembles  that  of  the  intoxication  of 
anaesthetics  or  alcohol.  The  illness  may  be  sudden  or  delaj^ed ; the 
symptoms  are  headache,  eramp-like  pains,  epileptiform  seizures,  muscular 
tremors,  impei’fect  A'ision  or  amaurosis,  and  faintness.  There  may  be 
great  mental  excitement  or  depression.  'Women  suffer  from  menorrhagia, 
and  if  pregnant  they  miscarry.  In  the  early  stages  of  the  intoxication 
there  is  se.xual  excitement ; but  in  chronic  poisoning  this  abates,  for  in 
men  atrophy  of  the  testes  ensues,  and  in  Avomen  sterility.  The  sym- 
ptoms occasionally  resemble  those  of  general  paralysis,  acute  mania,  or 
alcoholism.  J.  Koss  of  Manchester  observed  paralysis  analogous  to  that 
met  with  in  plumbism ; a condition  regarded  by  him  as  due  to  peripheral 
neuritis,  marked  by  a gait  not  unlike  that  of  locomotor  ataxia  and 
accompanied  by  absence  of  the  knee-jerk.  In  .some  respects  the  neuritis 
resembled  that  of  alcoholic  poisoning ; but  the  muscles  Avere  not  hyper- 
iesthetic,  and  loss  of  colour-vision  and  amblyopia  Avere  jjresent,  due,  as 
Mr.  Simeon  Snell  believes,  to  optic  neuritis.  De  SchAveinitz  maintains  that 
it  is  a toxic  amblyopia  similar  to  that  caused  by  tobacco.  One-third  of 
the  patients  regain  their  sight.  Ross  reported  the  case  of  a worker  in  an 
india-mVfimr  factory,  Avho  complained  that  the  smell  of  the  bisulphide  of 
carDm  avjis  ahvays  Avith  him,  in  his  food,  and  in  his  home ; and  on 
leaA'ing  AA'ork  in  the  evening  he  Avould  walk  like  a drunken  man  and  talk 
a goml  deal  of  nonsense.  In  the  folloAving  morning  he  Avould  be 
mi.serablc  and  feel  wretched.  He  Avas  glad  to  get  back  to  Avork,  as 
inhalation  of  the  va|)our  seemed  to  act  as  a stimulant  and  bring  relief 
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The  muscles  of  his  hands,  forearms,  and  legs  wasted ; his  grasji  became 
feeble,  and  numbness  and  tingling  of  the  hands  and  feet  were  complained 
of.  “Steppage”  gait  and  double  “foot-drop”  were  present;  the  knee- 
jerks  and  plantar  reflexes  were  absent,  but  the  other  cutaneous  reflexes 
were  normal. 

In  my  own  e.xperiments  upon  animals  bisulphide  of  carbon  was 
found  to  be  a very  deadly  poison.  It  is  an  anaesthetic,  even  more 
rapid  in  its  operation  than  chloroform,  and  as  profound  in  its  effects. 
Inhalation  of  the  vapour  for  a short  time  by  a rabbit  was  followed  l)y 
signs  of  intense  excitement.  When  placed  on  its  feet  the  animal  seemed 
to  be  intoxicated,  kept  swaying  from  side  to  side,  and  then,  as  if  seized 
by  some  sudden  impulse,  bounded  forward  heedless  of  objects  in  its  path. 
When  the  inhalation  was  pushed  further,  not  only  was  there  profound 
sleep  with  deep  stertor,  but  on  regaining  consciousness  the  hind  limbs  of 
the  animal  were  paralysed ; and  so  they  remained  for  more  than  an 
hour.  When  rabbits  were  exposed  for  a long  time  to  the  vapour  of 
bisulphide  of  carbon,  which  entered  their  hutches  from  an  adjoining 
chamber,  they  quickly  succumbed  ; one  in  three  days  and  another  in 
twenty-one.  They  lost  flesh,  became  tremnlous,  were  etisily  fatigued, 
became  paralysed  in  their  bind  limbs,  and  died  convulsed.  All  through 
the  period  of  inhaling  the  bisulphide  the  renal  function  was  excessive ; 
and  the  urine  at  death,  whilst  free  from  albumin  and  almost  completely 
wanting  in  urea,  contained  a very  large  quantity  of  sugar.  The  large 
cells  in  the  motor  areas  of  the  brain  were  found  after  death,  on  staining 
by  Golgi’s  method,  to  have  their  axis-cylinders  distorted  and  varicose ; 
and  the  cytoplasm  of  the  cell  took  on  staining  unequally.  Sections  of 
brain  stained  by  Nissl’s  method,  however’,  did  not  exhibit  this  peculiar 
change.  Dogs  were  readily  anarsthetised  by  carbon  bisulphide.  It 
seemed  to  be  a fairly  safe  anassthetic,  but  apart  from  its  extremely 
disagreeable  odour,  it  produced  too  much  muscular  jactation  to  be  a 
desirable  substitute  for  chloroform.  The  red  blood-cells,  whether  in 
dogs  or  rabbits,  did  not  exhil)it  any  disintegration ; and,  contrary  to 
the  statement  of  other  writers,  the  blood  on  spectroscopic  examination 
shewed  no  trace  of  methaemoglolnn,  but  only  of  oxy-haamoglobin. 

I have  described  the  results  of  these  e.xperiments  upon  animals 
because  they  cori'espond  so  closely  to  those  exhibited  by  man.  In 
my  visits  to  the  various  india-rubber  factories  of  the  country,  I have 
become  sensible  of  the  enormous  amount  of  suffering  which  vulcanisation 
of  rubber  goods  by  the  “Avet”  method  inflicts  upon  the  work-people. 
I saw  several  men  who  for  months  had  been  paralysed  in  their  arms 
and  legs.  Many  girls  had  suffered  from  incomplete  loss  of  power  in 
the-ir  hands  and  legs,  headache,  vomiting,  and  extreme  drowsiness : so 
that  on  reaching  home  on  an  evening  they  would  fall  sound  asleep  on 
sitting  doAvn  for  a few  minutes.  Many  felt  so  dizzy,  and  so  frequently 
lost  conti'ol  of  their  legs,  that  they  staggered  as  if  intoxicated,  and 
occasionally  fell  on  their  way  home  from  the  factory.  Their  sleep  at 
night  was  heavy  and  uniefreshing.  When  the  weather  is  hot  and  clo.se 
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the  work-people  sutler  most.  In  one  factory  brought  uiicler  niy  notice 
three  cases  of  acute  mania  haA'e  occurred ; in  each  case  tlie  suflerer  was 
driven  by  some  sudden  impulse  to  throw  himself  from  the  top  story  of 
the  building.  Peterson  of  New  York  reports  a similar  result,  namely, 
violent  destructive  mania.  Charcot  drew  attention  to  the  hysterical 
character  of  some  of  the  symptoms ; for  example,  hemianiesthesia  with 
hypenesthetic  patches.  The  acute  stage,  however,  must  be  simply  re- 
g-arded  as  an  intoxication. 

In  an  acute  case  of  poisoning,  Avhere  two  ounces  of  the  bisulphide 
were  swallowed  Avithout  a fatal  result,  there  Avere  pallor  of  the  face, 
dilated  pupils,  frequent  small  pulse,  Ioav  temperature,  and  an  odour  of 
the  poison  in  the  breath.  Passing  the  expired  air  through  an  alcoholic 
solution  of  triethyl-phosphine  produced  a red  colour.  The  symptoms 
resemble  those  caused  by  alcohol,  and  especially  those  of  delirium 
tremens.  Eisulphide  of  carbon  is  a strong  toxic  agent  capable,  like  lead 
and  arsenic,  of  producing  paralysis  from  polyneuritis.  Faradic  irrita- 
bility of  the  muscles  is  generally  diminished,  and  frequently  the  sense  of 
taste  is  lost. 

The  treatment  consists  in  the  removal  of  the  patient  from  his 
Avork,  placing  him  in  good  hygienic  surroundings,  and  allaying  all 
e.xciteraent  by  means  of  rest.  Good  food,  massage  and  galvanism, 
with  tonics  as  aids  to  digestion,  are  required  Avhen  nerve  symptoms 
are  present. 


Nitpo-  and  Dinitro-Benzol  and  Aniline  Poisoning 

Within  recent  years,  oAving  to  the  impetus  giv^en  to  the  manufacture  of 
aniline  dyes,  numerous  cases  of  poisoning  by  nitro-  and  dinitro-benzol 
have  been  reported  in  this  country,  in  Germany,  and  in  the  United  States. 
Nitro- benzol  is  largely  employed  in  perfumery,  and  is  knoAvn  as  the 
essence  of  mirbane  or  artificial  almond  .scent.  In  cheap  confectionery  it  is 
used  as  a substitute  for  the  essential  oil  of  bitter  almonds.  Its  prin- 
cipal use,  however,  is  in  the  manufacture  of  aniline,  and  in  the 
preparation  of  the  explosives  knoAvn  as  roburite  and  sicareit ; in  the 
njanufacture  of  these  substances  the  vapour  of  nitro-benzol  is  inhaled,  or 
particles  of  its  dust  become  deposited  upon  the  skin.  Benzol  is  a coal- 
tar  prcKluct,  and  when  treated  at  a moderate  temperature  Avith  nitric 
and  sulphuric  acid  it  becomes  nitro-benzol ; treated  further  at  a higher 
temperature  it  becomes  dinitro-benzol.  Some  of  the  injurious  con- 
sequences of  dinitrf>benzol  are  attributed  to  the  presence  of  impurities ; 
Vjut  it  is  generally  admitted  that  dinitro-benzol  itself  acts  as  a ])oison, 
whether  it  be  ingested,  absorbed  by  the  skin,  or  inhaled  by  tlie  lung  in 
the  form  of  vapour  or  dust.  The  recent  contributors  to  the  literature 
of  nitro-benzol  poisoning  are  Dr.  l’ros.ser  White  of  Y igan.  Dr. 
Ueynold-s,  and  .Mr,  Simeon  Snell. 

Nitro-benzol  f>oisoning  is  jmrely  an  industrial  accident,  'fho  men 
who  breathe  the  vapour,  and  avIio  are  said  to  suffer  more  than  those 
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who  heave  swallowed  it,  are  soinetiines  suddenly  seized  with  alarniin"- 
symptoms.  They  become  extremely  sleepy,  complain  of  severe  throb- 
bing headache,  and  occasionally  vomit.  To  these  symptoms  mav  be 
added  dyspnoea,  dilated  pupils,  cardiac  irreguiacit}^  loss  of  voluntary 
power,  ataxia,  and  extreme  cyanosis.  The  urine  is  reddish-brown  in 
colour,  and  from  it  and  the  breath  the  odour  of  bittei-  almonds  is 
exhaled.  The  patient  ra])idly  passes  into  a state  of  coma  with  symptoms 
of  apoplexy,  death  being  preceded  by  Cheyne-Stokes  respii-ation.  The 
skin  and  tongue  are  discoloured  dark  blue,  probably  from  the  presence 
of  aniline.  Such  are  the  symptoms  of  acute  cases  of  nitro-benzol 
poisoning.  The  blood  is  of  a dark  chocolate  colour,  and  has  lost  its 
power  of  absorbing  oxygen.  According  to  Starkow  and  Filehne  it  gh^es 
a spectrum  similar  to  that  given  by  acid  haematin  ; namely,  one  absori>tion 
band  in  the  yellow  between  C and  D,  two  between  the  lines  D and  E, 
and  a further  band  to  the  right.  Methmmoglobin  gives  a similar 
spectrum.  It  is  interesting  to  know  that  blood  mixed  with  dinitro- 
benzol  outside  the  body  does  not  give  these  bands  except  after  long 
exposure  to  the  air  and  heating. 

Death  from  nitro-benzol  poisoning  has  generally  been  preceded  by 
coma,  although  convulsions  have  been  observed.  After  death  the  skin  is 
found  pale  or  blue;  the  brain  is  congested;  the  blood  all  through  the 
body  is  thick,  dark,  and  fluid  ; the  cavities  of  the  heart  are  dilated,  and 
the  lungs  dark  or  very  pale.  From  the  stomach  and  other  internal 
organs  a strong  smell  of  bitter  almonds  is  emitted. 

Fifteen  drops  of  nitro-benzol  may  prove  fatal.  The  rapidity  with 
which  symptoms  appear  after  swallowing  the  poison  is  greatly  deter- 
mined by  the  state  of  the  stomach.  When  large  quantities  of  vapour 
have  been  inhaled  the  symptoms  may  appear  within  a very  short  time — 
from  twenty-five  minutes  to  two  hours  ; and  death  may  follow  within 
a few  days.  If  injected  into  the  veins,  the  poison,  according  to  Filehne, 
is  almost  as  rapidly  fatal  as  prussic  acid. 

In  acute  poisoning  the  diagnosis  is  made  from  the  history,  the 
symptoms,  the  physical  signs,  and  the  peculiar  odour  of  bitter  almonds. 
The  principal  difference  between  nitro-benzol  and  prussic  acid  poisoning 
is  that  the  symptoms  of  the  latter  are  immediately  manifested ; whilst 
in  nitro-benzol  poisoning  they  are  latent  or  delayed  for  hours.  Should 
the  poison  have  gained  access  by  the  stomach  this  organ  should  be 
washed  out.  Sinapisms  should  be  applied  to  the  chest  and  friction 
made  upon  the  limbs.  Stimulants,  such  as  ammonia,  or  injections  of 
camphor,  are  called  for.  Artificial  i-espiration  and  the  application  of 
the  faradic  current  may  be  necessary  to  rouse  up  the  patient. 

In  the  less  acute  cases  so  fully  described  by  Dr.  Prosser  White  the 
sldn  is  generally  of  a dirty  yellow  colour.  There  is  gi’eat  languor  and 
loss  of  weight,  and  the  tendency  to  sleep  is  very  marked.  l\Ien  who  arc 
thus  suflering  find  it  almost  impossible  to  keep  awake ; j’et  although 
they  sleep  soundly  at  night,  they  awake  unrcfi'eshed  in  the  morning, 
generally  with  severe  headache,  occasionally  with  giddiness,  and  with 
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almost  complete  loss  of  appetite  for  breakfast.  The  temperature  is  often 
one  degree  above  the  normal,  the  breathing  is  quickened,  precordial  and 
muscular  pains  and  feebleness  are  complained  of.  Fatigue  is  easily 
induced.  The  movements  become  ataxic,  and  are  aggi-avated  on 
closing  the  eyes.  Tingling  and  a sense  of  numbness  are  complained 
of  in  the  fingers,  hands,  and  feet;  there  is  hyperaesthesia,  which  in 
certain  areas  is  extremely  marked,  or  there  is  partial  hemianaesthesia. 
The  refle.xes  may  be  increased  or  diminished,  usually  tlie  latter.  The 
muscles  react  to  faradism,  but  they  vary  in  their  sensitiveness  to  the 
ciu-rent.  One  of  the  most  characteristic  signs  of  nitro-benzol  poisoning 
is  a dark  maroon  colour  of  the  urine.  Although  like  port  wine  in  colour 
it  contains  no  blood.  If  the  urine,  which  is  acid,  be  gently  warmed,  the 
odoiu-  of  bitter  almonds  is  readily  obtained.  The  deep  colour  of  the 
itrine  depends  upon  the  jiresence  of  aniline,  nitro-aniline,  or  some 
coloured  product  due  to  the  reduction  of  the  nitro-benzol.  The  bile 
pigments  in  the  urine  are  increased.  Patients  thus  ill  usually  throw  off 
an  excess  of  urea.  The  blood  is  generally  of  a chocolate  colour,  and  is 
poor  in  red  coiqjuscles,  ivhich  are  diminished  in  size  and  deficient  in 
hiemoglobin.  The  blood  contains  an  excess  of  carbon  dioxide,  whicli 
may  partly  explain  the  dyspnoea  and  cyanosis.  In  poisoning  by  aniline 
cyanosis  occurs,  a circiunstance  which,  with  other  data,  favours  the 
presumption  that  nitro-benzol  is  changed  by  oxidation  and  reduction  in 
the  body  into  aniline  or  possibly  hydrocyanic  acid,  and  dinitro-benzol 
into  one  or  more  of  the  phenyl-diamine  series,  which  are  more  toxic,  also 
that  the  symptoms  of  poisoning  are  due  to  aniline.  We  are  still 
ignorant  of  the  nature  of  the  chemical  changes  which  nitro-benzol 
undergoes  in  the  body ; but  it  would  appear  that  it  may  form  picric  acid 
in  the  blood,  to  which  substance  the  yellow  colour  of  the  skin  and  of 
the  mucous  membrane  of  the  intestinal  tract  has  been  ascribed  by 
Eulenberg.  The  substances  belonging  to  this  group  act  as  poisons  to 
the  medulla  oblongata  and  other  portions  of  the  central  nervous  system, 
producing  peripheral  neuritis,  and  symptoms  similar  to  those  of  loco- 
motor ataxia  and  disseminated  sclerosis.  According  to  Sir  Lauder 
Brunton  they  have  a direct  influence  upon  muscle-fibre  itself.  Nitro- 
benzol  rapidly  affects  the  brain,  judging  from  the  lethargy  and  drowsi- 
ness so  frequently  exhibited,  and  coma.  Recovery  is  possible  even  when 
consciousness  has  been  lost  for  days ; but  the  greatest  care  must  be 
exercised,  as,  some  time  after  recovery  had  apparently  taken  place, 
sudden  death  has  occurred  in  lifting  the  patient.  To  Mr.  Simeon  Snell 
we  are  indebted  for  an  account  of  the  amblyopia  in  dinitro-benzol 
poisoning.  There  is  often  failure  of  sight  to  a considerable  degree, 
which  is  generally  equal  in  both  eyes ; there  is  concentric  contraction  of 
the  visual  field  with,  in  many  ca.ses,  a central  colour  scotoma,  enlarge- 
ment of  the  retinal  veins,  slight  blurring  of  the  disc,  and  pallor  of  its 
surface.  Mr.  Snell  believes  that  the  enl.argement  of  the  retinal  veins  is 
due  to  vasomotor  paralysis. 

It  is  alwolutcly  nece.ssarv  in  factones  where  nitro-benzol  is  manu- 
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factured  that  only  men  with  robust  constitutions  should  be  employed  ; 
that  the  rooms  they  work  in  should  be  well-ventilated,  and  the  tempera- 
ture not  high  (for  Dr.  Prosser  White  has  shewn  that  a low  temperature 
is  always  accompanied  l)y  a decrease  in  the  sick-rate) ; that  respirators 
and  special  clothing  should  be  -worn  ; personal  cleanliness  observed  ; the 
use  of  alcohol  forbidden,  and,  above  all,  that  the  hours  of  labour  should 
not  be  long.  From  the  rapid  emaciation  of  the  men,  and  the  excessive 
elimination  of  urea,  it  would  appear  as  if  the  metaliolism  of  the  tissues 
was  extremely  active ; hence  the  necessity  that  workers  in  nitro-benzol 
should  be  well  fed  upon  animal  food,  and  that  employers  should  provide 
them  -with  milk  when  in  the  factory. 

There  is  no  known  antidote  to  these  poisons.  If  swallowed,  the 
stomach- tube  should  be  used  and  this  viscus  thoroughly  washed  out. 
Oils,  fats  and  alcohol  are  contra-indicated.  Faradism  and  sinapisms 
may  be  applied  as  mentioned  in  an  earlier  paragraph.  Sjjecial  rules 
have  been  framed  for  the  j^rotection  of  the  health  of  workers  in  nitro- 
benzol  Victories  1)y  Dr.  Dupr6  and  Sir  Hamilton  Freer-Smith. 

Aniline. — Aniline,  of  which  mention  has  frequently  been  made  in  this 
section,  is  obtained  from  coal-tar  oil  or  naphtha.  It  is  the  first  substance 
formed  during  the  process  of  manufacture  of  benzol,  or  benzene.  This 
is  subsequently  converted  into  nitro-benzol,  from  which  aniline  oil  is 
obtained,  the  source  of  magenta  dyes.  Aniline  is  a narcotic  poison, 
acting  upon  the  central  nervous  system,  causing  insensibility,  convulsions, 
and  motor  paralysis.  Workmen  in  the  factories  complain  of  vertigo, 
stupor,  muscular  spasms,  deranged  sensibility,  headache,  and  cutaneous 
ulcers.  They  become  chloro-amemic  and  suffer  from  constipation.  Several 
of  them  complain  of  being  impotent.  Aniline  destroys  red  blood-corpuscles 
and  forms  methajmoglobin.  The  urine  is  generally  discoloured  brown,  or 
brownish-black.  The  skin  is  faintly  blue  and  occasionally  the  seat  of  an 
eruption.  In  dyeing  by  what  is  called  the  use  of  “fast  blacks,”  obtained 
from  aniline  oil  and  alkaline  bichromates,  the  workmen  engaged  in  some 
of  the  departments  suffer,  in  addition  to  the  symptoms  mentioned  above, 
from  papular  eruptions,  ulcers,  and  scars  due  to  the  action  of  the  chrome 
compounds.  The  roots  of  the  nails  become  affected  and  the  skin  between 
the  fingers  ulcerates.  Although  in  aniline-black  dyers  this  ulceration 
is  less  extensive  than  that  observed  in  bichromate  workers,  it  may  yet 
extend  to  the  bone  and  lead  to  loss  of  the  nails  and  deformity  of  the 
fingers. 

In  France  a few  fatal  cases  of  acute  aniline  poisoning  have  occurred, 
mostly  in  children,  due  to  the  use  of  a “patent”  for  staining  boots  and 
shoes.  All  at  once  there  develop  the  most  marked  cyanosis,  extreme 
difficulty  of  breathing,  and  signs  of  cardio-pulmonary  distress.  Occa- 
sionally the  symptoms  suddenly  come  on  when  the  patients  are  out  of 
doors. 

Few  fatal  cases  of  aniline  poisoning  have  been  recorded.  In  Dr. 
F.  J.  Smith’s  case  the  ])atient,  a woman  aged  forty-two,  had  swallowed 
three  ounces  of  marking-ink,  of  which  aniline  was  the  principal  ingredient. 
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Shortl\*  afterwards  she  became  unconscious,  and  remained  thus  until  she 
died  twelve  hours  after  taking  the  poison  ; the  symptoms  and  physical 
signs  were  purple  lips,  pale  and  bluish  skin,  small  pupils,  stertorous 
breathing,  and  full  and  slow  pulse.  The  stomach  was  washed  out,  ether 
injected,  and  oxygen  administered ; but  without  avail.  The  blood  is  so 
changed  by  the  action  of  aniline  that  it  fails  to  take  up  oxygen.  At 
the  autopsy  the  lungs  were  found  congested,  and  the  heart  relaxed  and 
empty  of  blood.  What  quantity  of  aniline  Avill  prove  fatal  it  is  difficult 
to  say.  Anything  over  li  drachms  Avould  probably  cause  death ; although 
recovery  has  taken  place  under  treatment  after  drachms  have  been 
swallowed.  For  the  protection  of  workers  in  anilines  and  aniline  dyes 
the  Home  Office  has  drawn  out  special  rules. 

Explosives 

The  dangers  incidental  to  their  manufacture  and  their  use  in  coal- 
mines— Eoburite,  Tonite,  Melinite,  Dynamite,  Nitro-glycerin,  and  Gun- 
powder. 

Since  the  “Explosives  Act”  1875  came  into  operation,  the  growth 
of  the  trade  of  explosives  in  this  country  and  in  our  colonies  has  been 
remarkable,  owing  to  the  introduction  of  smokeless  powder  and  the 
increasing  number  of  nitro-glycerin  compounds  that  are  being  placed 
upon  the  market.  The  Government  Eeport  for  1899  shews  that  11,098 
people  are  employed  in  their  manufacture,  and  that  whilst  during  that 
year  54  accidents  had  occurred,  causing  3 deaths  and  injuring  24  people, 
most  of  the  accidents  happened  under  conditions  to  which  the  controlling 
provisions  of  the  Act  did  not  apply. 

In  the  manufacture  of  high  explosives  diniiro-henzol  is  largely  used. 
The  dinitro-benzol  is  first  ground  in  an  apparatus  not  unlike  an  ordinary^ 
mortar.  During  this  process  a considerable  quantity  of  dust  is  given  off, 
and  the  atmosphere  readily  becomes  impregnated  with  the  smell  of  bitter 
almonds.  The  yellow  powder  thus  obtained  is  taken  to  the  mixing-shed, 
where  it  is  mixed  with  oxidising  salts  and  heated.  Subsequently  when 
cool  it  is  removed.  It  is  at  this  stage  of  the  manufacture  that  work- 
men are  specially  exposed  to  the  vapours — the  dangerous  effects  of  which 
may  be  considerably  lessened  by  the  use  of  a fan.  Next  the  explosive 
is  taken  to  the  cartridge-room,  where  women  and  girls  are  employed  in 
filling  cartridges.  When  these  are  filled  they  are  taken  to  the  dipping- 
shed,  and  rendered  waterproof  by  being  immersed  in  liquid  paraffin  and 
wax.  The  men  who  work  in  the  “grinding”  and  “mixing”  depart- 
ments suffer  from  the  effects  of  the  noxious  fumes ; and  in  the  cartridge 
department,  where  women  and  girls  are  employed,  considerable  risk  to 
health  is  run,  probably  from  handling  the  goods.  Of  the  three  varieties 
of  dinitro-benzol  which  are  known  to  chemists,  only  one  is  used  in  the 
manufacture  of  explosives,  namely,  Tiii’tu-dinilro-leiizol ; this  is  admitted 
to  be  a powerful  poi.son,  whether  ingested,  absorbed  through  the  skin,  or 
inhaled  into  the  lungs  as  vapour  or  dust. 
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As  the  symptoms  met  with  amongst  those  who  are  engaged  in  the 
manufacture  of  explosives  are  due  to  dinitro-benzol,  the  reader  is  referred 
to  the  preceding  section  for  details  of  these.  It  is  sufficient  here  to  state 
that  there  is  a dark-blue  colour  of  the  skin,  breathlessness,  unsteadiness 
of  gait,  and  amblyopia.  In  this  section  we  are  more  .specially  concerned 
with  the  symptoms  that  occur  in  those  whose  occupation,  such  as  coal-mining 
and  quarrying,  exposes  them  to  the  inhalation  of  smoke  arising  from  the 
firing  of  explosives.  Coal-miners  have  complained  of  the  deleterious 
effects  of  such  explosives  as  roburite,  tonite,  dynamite,  nitro-glycerin,  and 
gunpowder.  Tonite  is  composed  of  barium  nitrate  and  gun-cotton  in 
nearly  equal  proportions  ; roburite  is  an  intimate  mixture  of  ammonium 
nitrate  and  chlorinated  dinitro-benzol  in  the  proportion  of  7 to  1. 
In  the  explosion  of  both  of  these  substances  the  products  formed  are 
probably — for  roburite,  carbonic  dioxide,  nitrogen,  water,  and  hydro- 
chloric acid ; for  tonite,  carbonate  of  barium,  water,  nitrogen,  and 
oxygen.  Gunpow^der,  on  the  other  hand,  is  an  intimate  mixture  of 
charcoal,  sulphur,  and  nitre,  and  the  j^roducts  of  its  explosion  are 
principally  carbon  dioxide  and  monoxide,  nitrogen,  and  sulphuretted 
hydrogen. 

In  poisoning  by  roburite,  miners,  after  a prolonged  and  repeated  expo- 
sure to  the  smoke  arising  from  the  firing  of  the  explosive,  complain  of 
headache,  frontal  or  occipital,  dizziness,  nausea,  and  vomiting,  constriction 
at  the  chest,  fleeting  pains  in  the  trunk  and  limbs,  numbness  of  fingers  and 
toes — as  if  they  were  asleep,  shortness  of  bi-eath  and  palpitation  on  exer- 
tion, and  loss  of  vision.  To  these  may  be  added  emaciation  and  drowsiness. 
The  urine  is  deepl}'^  coloured  like  port  wine.  The  lips  are  cyanosed,  the  face 
pale,  the  extremities  cold,  the  grasp  of  the  hand  feeble,  and  there  is  slight 
loss  of  the  power  of  apposing  the  thumb  to  the  fingers.  There  is  loss  of 
power  in  the  feet,  so  that  the  patient  cannot  stand  or  walk  as  formerly. 
The  knee-jerk  maj''  be  exaggerated  or  absent ; there  are  also  loss  of 
sexual  desire,  recurrent  attacks  of  dimness  of  vision,  and  hyperesthesia 
of  the  skin.  Many  of  these  symptoms  are  attributed  to  the  improper 
handling  of  the  cartridges  by  the  men ; but  it  has  been  sheAvn  that 
in  many  instances  this  was  never  done  by  miners  who  suffered ; their 
illness,  therefore,  could  only  have  been  due  to  inhalation  of  the  smoke  in 
the  mine.  That  the  smoke  is  deleterious  to  coal-miners  has  long  been 
believed  amongst  themselves  ; it  formed  the  subject  of  a special  investiga- 
tion both  in  Northumberland  and  Lancashire.  Eoss  alluded  to  the  marked 
anaemia  and  the  blue  lips  of  men,  otherwise  healthy,  who  have  been 
exposed  to  the  fumes  of  roburite — physical  signs  which  indicate  that 
destruction  of  haemoglobin  has  taken  place  within  the  blood-vessels ; also 
to  the  muscular  weakness,  tingling  of  the  limbs  and  sluggish  patellar 
tendon  reactions,  as  suggesting  the  early  stage  of  peripheral  neuritis ; he 
therefore  regarded  the  employment  of  roburite  as  harmful  to  the  health 
of  the  miners.  In  Lancashire  the  subject  was  investigated  by  a special 
committee,  and  the  opinion  arrived  at  was  that  when  care  was  taken 
to  have  the  shot  fired  properly,  with  free  ventilation  so  that  the  fumes 
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could  speedily  escape,  the  use  of  roburite  was  not  harmful  to  the 
coal  - miners.  Moreover^  it  was  maintained  that  in  complete  com- 
bustion of  the  explosive  no  trace  of  nitro-benzene  derivatives  are  left. 
The  coal-minei-s  of  the  North  of  England  having  also  objected  to  the 
use  of  roburite,  the  Durham  Miners’  Association  undertook  to  solve 
the  question  whether  the  fumes  produced  from  the  use  of  roburite 
and  tonite  are  injurious  to  health.  The  experiments  were  conducted 
in  coal-mines ; the  explosives  used  being  roburite,  tonite,  and  gunpowder. 
By  means  of  aspirators  Prof.  Bedson  removed  air  from  the  mines  shortl}’^ 
after  the  shots  were  fired,  and  the  result  of  his  analyses  shewed  the  absence 
of  deleterious  gases  in  roburite  smoke,  and  likewise  in  that  from  tonite. 
What  stnick  Prof.  Bedson  in  the  fumes  from  gunpowder  was  their  marked 
visibility  compared  to  those  of  the  higher  explosives,  and  the  distinct 
evidence  of  sulphuretted  hydrogen.  In  some  of  the  experiments  where 
roburite  had  been  fired  there  was  a distinct  odour  of  nitro-benzene  in 
the  atmosphere,  although  none  was  found  chemically.  The  injurious 
substances  present  in  the  fumes  from  these  explosives  are  carbon  mon- 
oxide, nitric  oxide,  and  sulphuretted  hydrogen.  The  first  of  these 
compoiTnds  is  produced  by  each  of  the  explosives ; and  is  generated  both 
by  the  burning  of  the  fuse  and  by  the  heated  carbonic  acid  gas  jrassing 
over  the  coal,  whilst  the  sulphuretted  hydrogen  comes  from  the  gunpowder 
alone.  If  carbonic  acid  be  taken  as  a measure  of  the  vitiation  of  the 
atmosphere,  gunjjowder  and  roburite  have  practically  the  same  effect ; 
whilst  the  ritiation  from  tonite  is  gi’eater.  Gunpowder  smoke  contains 
in  addition  carbon  monoxide  and  sulphuretted  hydrogen,  both  of  which 
are  injurious  gases.  As  for  carbon  monoxide,  tonite  produces  the  most, 
gunpowder  comes  next,  and  roburite  jwoduces  the  least.  The  solution 
of  the  problem,  so  far  as  the  use  of  these  explosives  in  coal-mines 
is  concerned,  is  in  ventilation  and  perfect  detonation.  One  of  the 
dangers  of  these  high  explosives  is  that  the  fumes  are  invisible ; and 
thus  a coal-miner  might  return  to  the  particular  part  of  the  “ working  ” 
sooner  than  he  would  if  gunpowder  had  been  used,  the  fumes  from  which 
are  visible,  in  which  more  solid  matter  is  suspended,  and  the  odour 
of  which  is  characteristic.  The  symptoms  complained  of  bj”^  the 
Durham  miners,  and  attributed  by  them  to  the  firing  of  roburite,  were 
those  of  “biliary  derangement.”  Jaundice  was  occasionally  present,  and 
headache,  vomiting,  and  drowsiness ; but  it  did  not  appear  that  these 
symptoms  were  necessarily  due  to  the  use  of  the  explosives,  as  the  nitro- 
benzene vapours  seemed  to  be  present  in  too  .small  a quantity  to  be 
injurious.  Beside.s,  many  of  the  symptoms  might  just  as  ])roperly  be 
attributed  to  the  ordinary  conditions  under  which  coal-miners  work,  namely, 
in  confined  spaces,  the  air  of  which  is  fouled  by  carbon  monoxide,  conse- 
quent upon  the  firing  of  all  kimls  of  explosives.  The  committee  were 
[particularly  stnick  in  this  imiuiry  by  the  rajiidity  with  which  the 
symptoms  complained  of  by  the  men  disappeared.  They  were  much 
milder,  too,  thanks  to  the  excellent  ventilation  of  the  Durham  coal-mines, 
than  the  symptoms  observed  by  Boss  amongst  the  Lancashire  ])itmen. 
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In  all  cii'cumstances  where  these  explosives  are  used  it  is  advised  that  the 
fuse  should  be  fired  by  electricity,  and  that  miners  should  not  return  to 
that  part  of  the  pit  until  at  least  five  minutes  afterwards. 

Nitro-glyeerin,  Gun-cotton,  Dynamite,  Blasting  Gelatin,  etc. 

The  history  of  modern  blasting  agents  can  be  briefly  told.  In  1847 
Sobrero,  an  Italian,  discovered  the  sweet  viscous  substance  known  as 
nitro-glycerin.  About  this  time,  Schonbein  of  Bdle,  and  Baron  Lenck,  an 
Austrian,  simultaneously  discovered  gun-cotton.  The  opinion  held  by 
chemists  that  gun-cotton  could  only  be  exploded  by  detonation,  and 
never  by  spontaneous  ignition,  was  rudely  shaken  by  the  accidental  firing 
of  gun-cotton  at  the  Stowmarket  factory  in  1871.  It  is  the  dangerous 
liability  to  spontaneous  decomposition  from  heat  which  has  removed  this 
explosive  from  competition  with  others  of  the  nitro-glycerin  gi’oup.  As 
nitro-glycerin  under  certain  conditions  is  also  liable  to  undergo  spon- 
taneous decomposition,  Alfred  Nobel,  a Swedish  engineer,  sought  for  an 
absorbent  capable  of  imbibing  sufficient  of  the  explosive  to  allow  of  nitro- 
glycerin still  remaining  available  for  blasting  purposes,  but  yet  less 
likely  to  undergo  spontaneous  decomposition ; of  becoming,  in  fact,  a 
comparatively  harmless  solid.  In  certain  jDarts  of  Hanover  Nobel 
found  a porous  siliceous  earth,  of  low  specific  gravity,  known  as  “ Kiesel- 
guhr,”  composed  of  the  remains  of  infusoria.  Importing  this  “ Kiesel- 
guhr”  into  the  manufacture  of  nitro-glycerin  he  invented  what  is 
known  as  dynamite ; a much  safer  article  for  transportation  than  nitro- 
glycerin, and  much  more  manageable  as  an  explosive.  To  explode 
dynamite  heat  and  strong  percussion  are  necessary.  Although  a superior 
and  safer  explosive  than  nitro-glycerin  Nobel  did  not  rest  satisfied  with 
dynamite.  For  the  “ Kieselguhr,”  which  he  regarded  as  a weakening 
element,  he  substituted  nitro-cotton,  itself  an  explosive,  and  blending  this 
with  nitro-glycerin  he  obtained  blasting  gelatin.  This  latest  exjilosive  of 
Nobel’s,  blasting  gelatin,  is  regarded  as  one  of  the  “ cheapest,  strongest, 
and  safest  blasting  agents  known  to  chemistry.” 

Nitro-glycerin  produces  peculiar  effects  upon  those  Avho  manufacture 
it.  Dr.  Dupr6,  analyst  of  explosives  to  the  Home  Office,  informs  me 
that,  unlike  dinitro- benzol,  the  effect  is  transitory ; apparentlj"  bad 
effects  are  never  left  behind,  or  very  rarely.  The  Avork-people  suffer  at 
first ; but  they  soon  beeome  accustomed  to  the  vapour  without  any  im- 
pairment of  health.  If,  however,  they  leave  off  work  for  a time,  and 
again  return  to  the  factorj^,  they  invariably  suffer  as  at  first.  In 
nitro-glycerin  factories  the  men  and  women  do  not  work  on  Saturday, 
as  the  last  day  of  the  week  is  employed  for  eleaning  up ; on  resuming 
work  on  the  Monday  a large  proportion  of  the  workers  invariably  suffer  for 
a few  hours,  the  symptoms  being  extremely  severe  headache,  accompanied 
by  violent  sickness  and  a prostration  so  extreme  as  sometimes  to  require 
the  use  of  stimulants.  Like  amyl-nitrite,  nitro-glycerin  dilates  the  blood- 
vessels. Major  Cooper  Key,  H.M.  Inspector  of  Explosives,  tells  me  that 
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the  usual  remedies  for  the  nitro-glycerin  headaches  of  workers  arc  a cnji 
of  strong  coffee  and  the  appliwition  of  a liot  linseed  poultice  to  the  nape 
of  the  neck.  When  nitro-glycerin  preparations  are  properly  detonated 
or  exploded,  the  products  are  practically  harmless;  they  are  chiefly 
carbonic  acid,  water,  and  nitrogen.  If,  however,  detonation  be  imperfect, 
or  if  the  explosive  merely  burns,  the  gases  evolved  contain  much  nitrous 
acid,  some  carbon  monoxide,  and  perhaps  other  deleterious  compounds. 
These  products  of  incomplete  detonation,  ijarticularly  nitric  oxide,  are 
highly  dangerous ; and  a number  of  fatal  accidents  due  to  them  have 
already  occurred  in  this  country  and  in  Australia.  Inflammation  of  the 
lungs  is  apt  to  follow.  This  develops  insidiously,  but  is  extremely  fatal. 
Within  a few  hours  the  patient  seems  as  if  he  had  been  precipitated  into 
the  last  stages  of  pneumonia.  AVhen  symptoms  arise  on  the  inhala- 
tion of  nitric  fumes  stimulants  and  rest  in  the  recumbent  position  are 
called  for. 

To  the  use  of  other  well-known  explosives  miners  have  objected  as 
in  the  cases  of  roburite  and  tonite.  Arlidge  cpioted  the  case  of  a boy 
who  inhaled  for  five  minutes  large  quantities  of  the  smoke  slowly 
evolved  from  incompletely  ignited  dynamite.  The  fumes  were  pungent 
and  suffocating.  The  symptoms  were  vomiting  and  headache,  followed  by 
imgent  dyspnoea  and  cyanosis ; the  patient  died  twenty-one  hours  after 
the  exposure.  Beyond  pulmonary  oedema  and  deep-blue  coloration  of 
the  bronchial  mucous  membrane,  with  punctiform  hremori’hages,  nothing 
was  detected  at  the  autopsy.  In  another  patient  the  symptoms,  Avhich 
arose  on  the  day  following  the  exposure,  Avere  semi-consciousness, 
very  rapid  pulse,  quick  breathing — the  respirations  reaching  96  in  the 
minute — and  the  physical  signs  of  congested  lungs.  The  temperature 
was  normal.  Under  the  influence  of  rest,  purging  and  SAveating, 
recoA'ery  took  place  in  four  days. 

The  symptoms  folloAvnng  the  use  of  sicareit  (s^curiid,  or  Siclierlieit) 
resemble  those  Avhich  are  caused  by  roburite ; namely,  headache,  lassitude, 
cyanosis,  rapid  pulse,  and  the  emission  of  deep-broAvn  urine. 

The  effects  of  dynamite  are  a sensation  as  if  the  head  would  burst, 
difficult  breathing,  and  momentary  unconsciousness  ; sj'^mptoms  which 
rapidly  disappear  on  exposure  of  the  patient  in  the  open  air. 

Picrie  acid  is  an  essential  constituent  of  several  of  the  high  ex- 
plosives, such  as  melinite,  a secret  explosive  belonging  to  the  French 
Government ; and  it  is  to  the  picric  acid  Avhich  it  contiiins  that  the  un- 
pleasant .symptoms  caused  by  its  use  are  attributed.  In  the  manufacture 
of  it  nitric  acid  is  poured  upon  phenol,  and  during  the  process  fumes  of 
nitrous  acid  are  given  off  along  Avith  picric  acid  Avhich,  in  its  nascent 
state,  causes  dyspnrea,  dry  hacking  cough,  anajraia,  and  debility.  The 
vapour  stains  yelloAv  the  conjunctivie,  skin,  and  hair;  and  causes  con- 
junctiviti.s.  The  dyspiuea  tends  to  become  paroxysmal,  and  the  cough 
may  be  followed  by  hiemoptysis.  The  nervous  system  and  the  other 
internal  organs  appear  to  esaipe.  Alelinite  has  not  been  used  to  any 
extent  in  coal-mining,  if  at  all. 
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During  the  South  African  War  much  was  said  about  lyddite,  and 
very  extravagant  statements  were  made  as  to  what  this  explosive  was 
capable  of  accomplishing.  The  yellow  green  fumes  evolved  were  believed 
to  be  poisonous.  Lyddite  is  stated  to  bo  an  excellent  burster  of  shells. 
It  is  composed  of  phenol  and  concentrated  sulphuric  acid  treated  with 
strong  nitric  acid,  the  picric  acid-  crystallising  out.  The  fumes  of  lyddite 
contain  a large  proportion  of  carbon  monoxide  and  a considerable  quantity 
of  free  carbon,  as  is  evidenced  by  the  black  smoke  arising  on  detonation. 
A yellow  deposit  forms  when  detonation  is  incomplete.  “ This  deposit 
mingling  with  the  black  smoke,  tinged  with  the  blue-grey  of  the 
pulverised  rock,  may  possibly  have  given  rise  to  the  ‘green  fumes’ 
which  were,  according  to  eye-witnesses,  a marked  feature  at  Paardeberg 
and  elsewhere  . . . biit  it  is  difficult  to  believe  that  even  in  the  most 
favourable  circumstances  the  atmosphere  could  be  rendered  unfit  to 
breathe  by  the  bursting  of  lyddite  shells”  (A.  Cooper  Key). 

Erb  found  that  in  rabbits  8 grains  of  picric  acid  produced  a fall  of 
the  body  temperature,  diarrhoea,  collapse,  and  death,  preceded  by  con- 
vulsions. Most  of  the  tissues  were  stained  yellowish-red.  The  blood 
of  animals  thus  poisoned  was  dirty  brown  in  colour,  and  the  white 
blood-cells  were  increased  in  number.  An  urticarial  eruption,  re- 
sembling measles,  is  said  to  have  been  caused  in  men  by  picrate  of 
ammonia.  The  urine  becomes  yellow,  and  there  is  a similar  discoloration 
of  the  conjunctive  and  skin.  If  the  dose  be  large,  vomiting  and  purging 
occur. 

The  symptoms  complained  of  by  miners  after  the  use  of  any  of  the 
above  explosives  may  l>e  summarised  as  headache,  giddiness,  derangement 
of  the  respiratory  function,  tachycardia,  and  muscular  debility. 

Carbonic  Oxide  (Coal-Gas  and  Water-Gas)  Poisoning 

Carbon  monoxide,  CO,  is  a colourless,  odourless,  and  tasteless  gas, 
rarely  found  pure  outside  the  chemical  laboratory'^ ; it  is  usually 
found  mixed  with  other  gases.  It  owes  its  extremely  poisonous  char- 
acter to  the  fact  that,  when  inspired,  it  enters  into  direct  combination 
with  the  hfemoglobin  of  the  blood,  imparting  to  that  fluid  a bright 
cherry-red  colour.  CO  forms  so  staple  a compound  with  the  colouring 
matter  of  the  red  blood-cells  that  they  become  incapable  of  carrying 
oxy^gen  to  the  tissues.  Thus  is  it  that  carbon  monoxide  is  more  danger- 
ous than  carbon  dioxide.  Carbonic  oxide  is  present  in  the  fumes  emitted 
from  charcoal  stoves  in  which  the  combustion  of  the  carbon  is  incomplete. 
It  is  one  of  the  products  of  the  combustion  of  coal,  and  is  the  gas  which 
is  seen  burning  with  a blue  flame  in  an  ordinary  open  fire.  It  is  one 
of  the  constituents  of  illuminating  gas,  and  it  is  also  present  in  the  fumes 
escaping  from  coke  ovens ; tramps,  who  have  sought  the  warm  shelter  of 
these  ovens  and  lain  down  beside  them  overnight,  may  inhale  the  fumes 
and  fall  into  a heavy  comatose  sleej)  which  occasionally'  ends  in  death. 
In  France  the  fumes  from  charcoal  stoves  are  frequently  inhaled  as  a 
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piiinless  means  of  suicide.  The  fumes  from  these  stoves  are  toxic  in 
proportion  to  the  amount  of  carbon  monoxide  they  contain.  Poison- 
ing by  carbonic  oxide  has  been  frecpiently  confounded  with  that  caused 
by  carbon  dioxide  (carbonic  acid).  In  the  case  of  carlmnic  oxide  the 
symptoms  are  those  of  a narcotic ; the  nervous  system  is  gradually  lulled 
into  a sleep  which  ends  in  coma : Avhereas  in  carbonic  acid  poisoning 
there  is  usually  greater  disturbance  of  the  respiration. 

Inhalation  of  air  containing  1 to  2 per  cent  of  carbonic  oxide 
may  cause  not  only  unpleasant  but  very  serious  symptoms ; and  whilst 
the  breathing  of  air  loaded  with  a similar  percentage  of  carbonic  acid 
cannot  be  accomplished  with  impunity,  the  evidence  is  in  favour  of 
carbonic  oxide  being  the  more  toxic ; for  life  may  still  go  on  for  a short 
time  in  an  atmosphere  containing  10  to  20  per  cent  of  carbon  dioxide. 
The  rapidity  with  which  carbon  monoxide  unites  with  hasmoglobin,  and 
the  stability  of  the  carboxyhtemoglobin  formed,  render  it  a peculiarly 
dangerous  gas.  Although  in  these  circumstances  the  blood  has  a bright 
cherry-red  colour,  it  is  quite  incapable  either  of  cjirrying  "or  imparting 
oxygen  to  the  tissues,  and  thus,  internal  respiration  becoming  impossible, 
the  patient  dies  asphyxiated.  "When  the  blood  in  such  a case  is  examined 
spectroscopically  it  shews  two  absorption-bands  between  the  D and  E 
lines,  that  is,  the  yellow  and  the  green.  The  spectrum  is  not  unlilce  that 
given  by  oxyhremoglobin,  only  the  broad  band  is  slightly  nearer  the 
^'ioler  end  of  the  spectrum.  Carboxyhsemoglobin  is  distinguished  from 
oxyhsemoglobin  in  not  being  reduced  by  ammonium  sulphide  solution. 
Katayama,  too,  has  demonstrated  that  whilst  the  addition  of  acetic  acid 
and  ammonium  sulphide  (with  sulphur  in  solution)  to  normal  blood 
produces  a greenish-gi-ey  or  reddish  green-grey  colour,  when  they  are 
added  to  CO  blood  a beautiful  clear  rose-red  is  produced. 

Illuminating  gas  owes  its  toxic  properties  to  the  5-10  per  cent  of 
carbon  monoxide  it  contains ; but  in  “ water-gas,”  which  is  prepared  by 
acting  upon  burning  charcoal  with  steam,  there  is  frequently  as  much  as 
from  30  to  40  per  cent  or  more  of  carbonic  oxide.  Water-gas,  used 
for  illuminating  and  heating  purposes,  is  a mixture  of  carbonic  oxide, 
carbon  dioxide,  nitrogen,  and  hydrogen.  As  this  gas  has,  practically  speak- 
ing, no  disagreeable  odour  its  presence  is  less  easily  detected  than  ordinary 
coal-ga-s.  Its  very  large  percentage  of  carbonic  oxide  makes  it  more 
prompt  in  its  action  and  more  dangerous  than  ordinary  illuminating 
gas.  So  serious  have  been  the  consequences  of  the  inhalation  of  “ water- 
gas,”  that  some  English  public  bodies  have  been  obliged  to  do  away 
with  it.  As  carbonic  oxide  is  odourless  and  tasteless,  <an  individual 
may  be  gradually  poisoned  ^vith  it  unawares.  The  presence  of  from 
4 to  0 per  cent  of  carbonic  oxide  in  atmospheric  air  is  fatal  to  small 
animals,  and  10  per  cent  is  fatal  to  man.  Ordinary  ilhiminatiug  gas 
frequently  contains  from  5 to  10  per  cent  of  carl)onic  oxide,  the  breath- 
ing of  which  from  a leak  in  a g<is-]>ipe  or  a tap  loft  open,  say  in  a bed- 
room overnight,  has  proved  fatal.  So  insidious  is  it  in  its  operation 
and  so  narcotising  is  its  action  that,  if  resi)ired  during  sleep,  the 
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sufferer  quietly  passes  into  a state  of  coma  which  may  be  very  profound  ; 
particularly  if  the  gas  has  been  breathed  in  small  quantities  and  for  a 
long  time. 

The  symptoms  vary  with  the  amount  of  carbonic  oxide  inhaled. 
Usually,  after  experiencing  a sense  of  discoml'ort  with  throbbing  of 
the  blood-vessels,  the  patient  complains  of  severe  headache,  giddiness, 
and  great  debility.  These  may  be  followed  by  nausea  and  vomiting.  A 
drowsy  feeling  may  creep  on,  gradually  leading  to  insensibility,  preceded 
occasionally  by  convulsions  and  ending  in  delirium  or  coma.  The  pulse 
is  full  and  bounding,  respiration  is  accelerated  and  laboured,  the  skin 
dusky,  the  lips  and  extremities  blue  ; and  by  degrees  the  patient  dies 
asphyxiated.  Should  recovery  take  place  convalescence  is  usually  tardy, 
and  its  course  is  frequently  interrupted  by  pulmonary  or  nervous 
affections.  There  may  be  loss  of  memory  for  some  time  afterwards,  the 
urine  may  contain  albumin  or  sugar,  and  the  lungs  be  the  seat  of 
bronchitis  or  a low  form  of  pneumonia.  Dr.  Scott  reports  the  case  of 
a man  who*  suffered  from  dementia  consequent  upon  carbon  monoxide 
poisoning.  Whilst  engaged  in  the  ammonia  works  connected  wth  the 
blast  furnaces  of  the  Clyde  Ironworks  the  man  Avas  found  lying  in  front 
of  one  of  the  hues  apparently  dead.  His  face  Avas  ghastlj^  pale,  pupils 
dilated,  breathing  shalloAV  and  quick,  pulse  fairly  strong  but  sIoav  : he 
Avas  com2jletely  insensible  ; but  by  degrees  he  became  conscious,  yet  not 
until  after  several  convulsions.  Subsequently  he  became  maniacal,  and 
afterwards  listless  and  apathetic.  He  had  inhaled  the  “ clear  gas  ” that 
comes  from  the  ammonia  Avorks,  Avhich  Dr.  Scott  found,  on  analysis,  to 
contain  25  }5er  cent  of  carbon  monoxide.  As  a result  of  carbon  monoxide 
poisoning  symiJtoms  resembling  those  observed  in  general  jAaralysis  may 
be  met  Avith.  In  two  jjatients,  blast-furnace  men,  sent  to  me  by  Dr. 
Stanley  SteaA'^enson  of  Middleton  St.  George,  I found  the  speech  blurred 
and  scanning,  the  tongue  tremulous,  the  limbs  paretic,  knee  - jerks 
exaggerated,  and  the  mental  state  considerably  exalted.  These  men  had 
inhaled  gas  rich  in  CO  Avhich  escaped  from  the  blast-furnaces  Avhen 
charging  them.  By  this  gas,  in  Avhich  there  is  frequently  as  much  as 
30  2^er  cent  of  CO,  the  men  occasionally  become  “gassed,”  and  are 
obliged  temporarily  to  retire  from  the  furnaces.  One  per  cent  of  carbon 
monoxide  causes  un2)leasant  symjAtoms ; but  Hemijel  has  sheAvn  that 
even  such  a small  proportion  as  0'06  jjer  cent  may  have  the  same  effect. 
Besides  its  interference  Avith  respiratory  exchange,  death  in  such  small 
animals  as  mice  seemed  accelerated  by  a fall  of  temperatime  consequent 
upon  diminished  metobolism  and  heat-jAroduction.  Dr.  Haldane  has 
demonstrated  that  in  the  jAresence  of  oxygen  carbonic  oxide  is  much  less 
poisonous  than  it  is  in  air,  and  that  the  poisonous  action  of  carbon 
monoxide  is  increased  by  diminishing  the  oxygen  jAercentage.  hen 
the  oxygen  tension  is  high  the  indiA'idual  is  not  so  dependent  upon 
his  red  blood-corpuscles  for  the  carriage  of  oxygen,  as  a considerable 
(piantity  of  oxygen  may  be  taken  up  dissolved  in  the  blood.  There  is 
a limit,  hoAvever,  to  Avhich  the  oxygen  tension  may  be  raised  ; for,  as 
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Paul  Bert  shewed,  at  a tension  slightly  under  five  atmospheres  oxj^gen 
itself  acts  as  a poison. 

After  death*by  carbon  monoxide  the  blood  retains  its  bright  cherry 
colour  for  a time,  and  when  shaken  it  forms  a froth  of  a violet  colour. 
The  skin  and  internal  organs,  as  well  as  any  post-mortem  hypostases, 
exhibit  a bright  red  colour.  Occasionally  the  face  is  pale.  The  lungs 
are  frequently  congested. 

As  regivrds  treatment,  immediate  removal  of  the  patient  from  the 
presence  of  the  gas,  and  artificial  respiration  persisted  in  for  hours  in 
order  to  expel,  if  possible,  the  poison  from  the  blood,  rhythmic  traction 
of  the  tongue,  inhalation  of  oxygen,  hypodermic  injections  of  strychnine, 
and  the  application  of  the  faradic  current  to  the  phrenic  nerve,  are 
called  for ; but  even  with  these  measures  venesection  and  transfusion  of 
healthy  blood  may  also  be  necessary. 

In  colliery  explosions,  whilst  many  of  the  miners  are  killed  by  the 
force  of  the  explosion,  many  meet  their  death  by  inhaling  the  “ after- 
damp”— a gas  which  contains  varying  quantities  of  carbon  monoxide. 
The  proof  that  this  gas  has  been  the  cause  of  death  rests  on  the  pink 
colour  of  the  skin,  a reddening  of  the  face  and  hands — which  gives  the 
bodies  an  extraordinary  appearance  of  life — and  the  result  obtained  by 
spectroscopic  examination  of  the  blood.  To  the  collier  working  in  the 
pit  the  presence  of  carbonic  acid  (CO,)  or  “ choke  damp  ” is  made 
known  by  the  extinction  of  his  light,  and  by  a slight  embarrassment  of 
his  breathing ; but  carbon  monoxide  gives  no  such  warning.  Alike  in 
those  who  are  working  in  the  recesses  of  the  mine,  and  in  rescuers  who 
descend  into  the  pit  after  an  explosion  and  are  brought  into  contact 
with  “ after-damp,”  there  are  the  same  symptoms — drowsiness,  extreme 
debility,  and  unconsciousness.  Since  mice  are  easily  killed  by  carbon 
monoxide  Dr.  Haldane  has  suggested  that  they  should  be  carried  into 
such  underground  chambers  as  are  supposed  to  contain  carbonic  oxide 
gas ; and  as  these  animals  have  a respiratory  exchange  twenty  times  as 
rapid  as  that  of  man  there  woidd  be  an  interval  of  several  minutes 
(varying  from  12  to  40),  after  death  of  the  mouse,  sufficient  to  allow 
the  miner  to  escape.  When  a colliery  explo.sion  has  occurred  it  is 
absolutely  necessary  to  get  fresh  air  as  rapidly  as  possible  into  the  pit ; 
for  although  miners  may  have  breathed  the  “after-damp”  and  been 
rendered  unconscious  by  it,  death  may  not  supervene  for  an  hour  or 
more.  Rescue  parties  should  descend,  and,  in  order  that  the}'  may  remain 
^within  the  limits  of  safety,  they  should  carry  wth  them  mice  and  cylinders 
of  oxygen.  yVrtificial  respiration,  inhalation  of  oxygen,  removal  of  the 
miners  to  bank  as  early  as  possible,  the  administration  of  stimulants,  and 
maintenance  of  bodily  temperature  are  necessary. 

Sulphuretted  hydrogen  is  extremely  poisonous.  When  present  even 
in  minute  quantities  in  the  atmo.spherc  it  is  icadily  recognised  liy  its 
unplea.%nt  rxlour,  resembling  that  evolved  from  rotten  eggs.  When 
inhaled  in  tr>xic  doses  the  gas  ciiuses  death  through  its  action  upon 
the  respiratory  centre.  The  fatjd  termination,  which  comes  with 
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appulling  suddenness  and  is  painless,  may  be  preceded  by  muscular 
rigidity  and  convulsive  tremors.  Occasionally  the  breathing  is  deep  and 
gasping,  or  a cry  is  uttered,  but  before  the  indmdual  is  reached  life  is 
extinct.  Even  when  the  respiratory  centre  has  ceased  to  act  the  heart 
may  still  continue  to  beat.  I have  made  autopsies  on  three  men  who 
died  suddetdy  from  breathing  sulphuretted  hydrogen  gas  while  making 
excavations  for  a graving  dock  on  the  banks  of  the  Tyne.  The  post- 
mortem appearances  are  practically  nil.  The  blood  on  spectroscopic 
e.xamination  does  not  give  any  other  bands  than  those  of  oxyhaemoglobin, 
and  it  is  readily  reduced  by  ammonium  sulphide.  In  a series  of 
experiments  upon  dogs  Dr.  Bolam  and  I found  that  a dog  when  placed 
in  an  atmosphere  containing  0T5  per  cent  of  H.2S  would  in  a hundred 
seconds  become  rigid,  and  fall  apparently  lifeless,  breathing  having  ceased. 
By  means  of  artificial  respiration  the  life  could  be  restored,  but  a 
percentage  above  0‘2  was  extremely  fatal.  It  was  found  that  when 
defibrinated  blood  was  exposed  for  five  minutes  to  H„S,  methremoglobin 
took  the  place  of  oxyhaemoglobin.  The  reason  why  the  blood  of  persons 
poisoned  by  the  gas  does  not  shew  the  presence  of  methsemoglobin  is  that 
HjS  kills  too  quickly  for  the  normal  pigment  to  become  converted  into 
the  abnormal.  Men  when  working  in  cesspools  and  the  sewers  of  cities 
are  frequently  overpowered  by  this  gas  and  rapidly  killed.  They  fall  as 
if  struck  by  lightning,  and  do  not  always  emit  a cry.  Although  in 
sewer-gas  there  are  poisonous  ingredients  other  than  H2S — for  example, 
carbon  monoxide — the  spectroscopic  examination  of  the  blood  does  not 
reveal  the  presence  of  CO,  a circumstance  which  shews  the  extreme  toxicity 
of  Il2‘S.  Often  when  working  in  the  sewers  the  men  are  obliged  by 
headache,  dizziness,  and  feeling  of  illness  to  come  out  into  the  fresh 
air,  and  are  rapidly  revived  thereby.  Sulphuretted  hydrogen  causes 
death  suddenly  by  acting  upon  the  respiratory  centre  or  upon  the 
terminal  endings  of  the  vagi  in  the  lungs,  or  death  comes  more  slowly 
through  coma,  in  which  the  blood  is  found  to  be  dark  and  its  hremoglobin 
altered. 

No  man  should  be  allowed  to  work  alone  in  any  place  where  there 
is  a suspicion  that  sulphuretted  hydrogen  gas  is  present.  If  working  in 
a deep  well  he  should  have  a belt  round  his  waist  with  rope  attached, 
and  on  the  slightest  failure  iu  response  to  questions  or  signals  he  should 
be  brought  to  the  surface  by  fellow-workmen,  and  if  breathing  has  ceased, 
artificial  respiration  ought  at  once  to  be  employed.  Oxygen  should,  if 
possible,  be  administered,  warmth  applied  externally,  and  liquor  strychniiue 
injected  hypodermically. 

Niekei  Carbonyl.  — In  the  manufacture  of  nickel  carbonyl  from  nickel- 
cop2)er  oxide  workmen  have  died  presumably  from  having  respired  carbon 
monoxide  that  had  accidentally  escaped.  Nickel  carbonyl  is  a clear 
and  very  volatile  fluid;  it  boils  at  43°  C.  (109 ‘4°  F.),  and  is  a deadly 
poison.  In  nickel  carbonyl  poisoning  death  has  sometimes  been  rapid,  or 
it  has  sujjervened  after  an  illness  lasting  two  or  three  days,  the  autopsy 
revealing  extensive  inflammation  of  the  lungs  as  in  the  early  stages  of 
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pneumonia.  In  the  minor  forms  of  poisoning  the  men  feel  dizzy,  their 
walk  is  unsteady,  there  is  ditticulty  of  breathing,  and  a sense  of  oppression 
or  of  pain  in  the  chest.  When  a few  men  have  become  ill  in  works 
there  has  generally  been  found  some  escape  of  carbon  monoxide,  and  it 
is  to  this  compound  rather  than  to  nickel  that  some  writers,  notably  Dr. 
F.  W.  Mott,  attribute  the  cause  of  death.  In  one  man  who  had  died  in 
such  circumstances  Dr.  Mott  found  htemorrhages  in  the  white  matter  of 
the  brain  and  cerebellum,  degenerated  fibres  in  the  corona  radiata,  and 
small  patches  of  softening  irregularly  distributed.  Around  these  latter 
wiis  a distinct  zone  of  leucocytic  invasion.  In  my'^  OAvn  experiments  upon 
rabbits  exposed  for  fifteen  minutes  to  15  drops  of  nickel  carbonyl  in  a 
large  bell-jar  freely  ventilated  no  effect  was  immediately  apparent.  The 
animal  ran  about  on  being  taken  out  of  the  bell-jar  as  if  none  the  worse 
for  its  experience.  On  repeating  the  exjieriment  two  days  afterwards, 
the  animal,  although  on  its  removal  from  the  jar  it  seemed  quite  well, 
soon  afterwards  became  quiet  and  listless.  Within  forty-eight  hours  it 
was  found  dead  in  its  hutch,  the  cause  of  death  being  patchy  consolida- 
tion of  its  lungs.  Albumin  was  found  in  its  urine,  and  on  microscopical 
examination  of  the  brain  and  medulla,  courteously  made  by  Dr.  Mott  at 
the  pathological  laboratories  of  the  Committee  of  the  Metropolitan 
Asylums  Board,  numerous  small  hsemorrhages  Avere  found.  I am  informed 
that  100  c.c.  of  nickel  carbonyl  will  give  off  73'6  litres  of  carbon 
monoxide.  This  circumstance  and  the  post-mortem  appearances  just 
mentioned  lend  considerable  Aveight  to  the  opinion  that  in  nickel  carbonyl 
poisoning  the  symptoms  are  due  to  carbon  monoxide.  On  this  point  the 
last  Avord  has  not  yet  been  spoken.  Ferric  carbonyl  I have  found  equally 
poisonous  to  animal  life.  The  blood  gives  the  spectrum  of  carbon 
monoxide. 


Lead  Poisoning 

Of  the  A'arious  forms  of  metallic  poisoning  that  caused  by  lead  is 
the  commonest  and  most  subtle.  In  five  years  ended  1890  there 
occurred  1822  deaths  from  accidental  poisoning  in  England  and  Wales  ; 
of  these,  541  Avere  due  to  lead,  17  to  arsenic,  and  30  to  phosphorus  j 
that  is  to  say,  29  per  cent  of  the  total  cases  of  deaths  from  poisoning 
Avere  due  to  lead.  BetAveen  1901  and  1903  inclusive  there  occurred  in 
England  and  Wales,  according  to  data  furnished  by  Dr.  John  Tatham,  364 
deaths  from  industrial  lead  poisoning,  264  males  and  10  females;  there 
also  died  from  plumbism  due  to  accident  or  negligence  8 males  and  1 1 
female.s,  Avhile  fron)  suicidal  lead  poisoning  1 female  died. 

Lead  poi.soning  occurs  in  isolated  cases  ; or  it  may  assume  an  epidemic 
character.  Mere  handling  of  the  mcbil  for  a long  time,  or  inhalation 
of  the  dust  of  the  various  salts  of  lead,  may  be  folloAved  by  symptoms 
of  poisoning.  It  has  been  caused  by  the  accidcnUd  or  criminal 
adulteration  of  food  and  drink.  People  are  not  equally  afiectcd  by  it. 
There  is  not  only  an  inrlividual  idiosyncrasy — some  persons  being  more 
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susceptilile  than  others — ljut  there  is  an  hereditary  disposition  to  suffer 
from  lead  ; and  to  this  may  lie  added  a sexual  idiosyncrasy,  as  women 
— particularly  young  women — fall  more  easily  under  the  influence  of  lead 
than  men. 

Lead  2Joisoiiing  is  not  a modern  disease ; it  has  been  known  for 
centuries.  It  is  described  under  various  names,  for  examjile,  plumbism, 
saturnine  poisoning,  colica  Poitou,  colica  Pictonum,  and,  lastly,  colica 
pictorum,  from  the  Latin  word  a painter. 

Setting  aside  for  the  moment  the  industrial  forms  of  lead  poisoning, 
that  induced  by  contaminated  drinking-water  is  the  most  important. 
All  at  once  large  numbers  of  peo^ile  may  be  stricken  with  symptoms  of 
idumbism.  In  such  epidemics  the  gathering-ground  has  frequently  been 
moorland,  the  water  on  which,  as  it  trickles  through  the  peaty  soil  or 
• comes  into  contact  with  decaying  leaves,  takes  up  humic  acid  : this 
acidified  water  acts  upon  the  lead  of  the  conducting  jsipe  or  the  cistern 
and  dissolves  out  some  of  the  metal.  Some  chemists  maintain  that  this 
action  on  the  lead  pipes  is  aided  by  the  presence  of  iron  in  the  v'ater, 
which  gives  it  an  acid  reaction  and  makes  it  soft.  Distilled  water 
acts  upon  lead,  because  it  is  impossible  to  remove  from  the  water  all 
traces  of  organic  matter.  The  presence  of  nitrogenous  compounds  confers 
upon  water  a solvent  influence  upon  lead — the  oxidation  of  the  metal 
being  brought  about  by  the  oxides  of  nitrogen,  which,  in  the  form  of 
nitrites,  act  as  oxygen-carriers  between  the  air  and  the  lead.  When 
distilled  water  acts  upon  lead  it  produces  a solid  white  compound,  the 
oxyhydrate ; but  thus  acting  alone  upon  lead  it  cannot  give  rise  to 
the  oxyhydrate,  which  is  a compound  molecule  requiring  one  molecule  of 
water  and  two  extra  atoms  of  oxygen.  The  hydrogen  of  the  water  must 
be  displaced  either  by  high  temperature  or  by  the  lefid  receiving  oxygen  ; 
and  the  most  frequent  source  of  the  oxygen  are  nitrogenous  compounds 
in  the  water  in  the  form  of  nitrates.  If  the  water  is  exposed  to  the  air, 
a small  quantity  of  nitrate  is  quite  sufficient ; for  the  process  is  one  of 
continued  deoxidation  of  the  nitrate  by  the  lead,  and  of  reoxidation  b}'^ 
the  oxygen  from  the  air.  The  jwoof  of  this  series  of  deoxidations  and 
reoxidations  and  that  the  nitrates  are  the  source  of  the  oxygen,  is  that  if 
lead  be  placed  in  water  containing  a nitrate,  the  nitrate  is  rapidly  reduced 
to  nitrite.  Nitrogen  oxides  are  almost  invariably  present  in  water  : they 
arise  from  the  decomposition  of  organic  compounds  in  which  the  operation 
of  micro-organisms  probably  plays  an  important  part.  The  oxyhydrate  of 
lead,  already  alluded  to,  is  very  insoluble  in  pure  water ; but  if  the  least 
trace  of  acid  be  j^resent,  or  certain  salts,  such  as  nitrate  of  ammonia,  it  is 
freely  soluble. 

Mr.  Garrett  found,  when  distilled  water  has  acted  upon  lead  for  84 
hours,  that  it  contains  grain  of  metallic  lead  per  gallon  ; that  if  one 
grain  of  sulphuric  acid  per  gallon  were  added,  in  84  hours  it  contains 
^ of  a grain,  whilst  the  same  quantity  of  nitric  acid  gives  ^ of  a grain  in 
an  equal  period.  The  retention  of  water  in  a lead  service-pipe  over- 
night may  therefore  allow  of  the  solution  of  a fairly  large  quantity 
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of  the  metal — which  explains  the  fact  that  many  of  the  victims  of 
plumbism  have  been  persons  who  drank  the  water  first  removed  from 
the  pipe  in  the  morning.  It  is  thus,  too,  that  barmen  and  barmaids 
have  suliered  by  taking  regularly  the  first  swill  of  beer  which  has 
been  in  the  tap  overnight.  A short  time  suffices  for  licpiids  thus  to 
become  contaminated.  Water  kept  in  contact  with  a lead  pipe  for  half 
an  hour  has  been  found  to  contain  Jg-  grain,  at  the  end  of  an  hour 
J of  a grain,  and  at  the  end  of  12  hours  1'4  grain  per  gallon.  The 
presence  of  a very  minute  trace  of  lead  in  drinking-water  is  sufficient 
to  cause  serious  s}’mptoms.  Experience  shews  that  if  lead  be  introduced 
into  the  system  in  very  small  quantities,  and  for  a long  time,  it  is 
more  likely  to  cause  serious  symptoms  than  when  it  is  taken  in  larger 
doses  and  oidy  on  a few  occasions.  Cases  illustrating  the  poisonous  doses 
of  lead  are  quoted  by  Dr.  De  Chaumont  (in  which  the  water  contained 
^ gmin  per  gallon)  ■,  Dr.  Hunter  of  Pudsey  (yV  to  grain) ; Dr. 
Ajigus  Smith  (y^  grain) ; Dr.  Adams  (y^.g  grain) ; Dr.  Sydney  Einger 
(-^  grain) : in  one  of  Dr.  Dixon  Mann’s  cases  the  drinking-water  con- 
tained 2 '4  milligrammes  of  lead  per  litre,  and  in  one  of  my  own  cases 
serious  symptoms  arose  from  drinking  water  which  contained  0‘002S 
grain  of  lead  per  gallon.  Of  the  family  of  Louis  Philippe,  at  Claremont, 
34  per  cent  who  drank  the  water,  which  contained  ^ grain  per  gallon, 
sufl’ered  from  plumbism. 

During  the  action  of  water  upon  lead  the  crystalline  oxyhydrate  of 
the  metal  is  formed.  If  certain  salts  are  present  in  solution  there  is  a 
transference  of  portions  of  the  acid  radicles  to  the  base,  resulting  therefore 
in  the  formation  of  salts  of  lead  other  than  the  oxyhydrate.  Salts  of 
lead  more  soluble  than  the  oxyhydrate  may  thus  be  formed  ; for  example, 
nitrate,  nitrite,  or  carbonate.  The  presence  of  carbonic  acid  increases 
the  solvent  influence  of  water  upon  lead.  The  oxyhydrate  first  formed 
by  the  water  is  dissolved  by  the  carbonic  acid  present,  and  a considerable 
quantity  of  lead  may  thus  pass  into  solution  as  acid  carbonate ; but  as 
the  formation  of  oxyhydrate  continues,  the  carbonic  acid  is  neutralised, 
and  there  results  a basic  carbonate  of  lead  which  is  insoluble  and  is 
depo-sited  upon  the  surface  of  the  pipe,  forming  a protective  covering 
whereby  further  action  of  the  water  is  at  least  retarded  if  not  prevented. 
In  these  circumstances  the  addition  of  alkaline  carbonates  to  water  may 
prevent  lead  poisoning.  AVater  acts  with  greater  vigour  upon  a new 
than  upon  an  old  lead  pipe ; for  on  the  surface  of  the  latter  a protective 
covering  of  the  dehydrated  oxide  or  carbonate  may  be  present : both  of 
the.se,  however,  are  readily  dissolved  when  the  water  becomes  slightl}' 
acid,  or  when  its  temperature  is  raised ; hence  the  danger  of  using 
water  for  culinary  purposes  first  drawn  from  the  kitchen  boiler  in  the 
early  morning.  It  has  been  stated  as  an  oftset  against  tliis  danger  that 
if  tea  be  made  with  water  containing  a trace  of  lead  the  metal  is  dis- 
charged, but  experiment  has  shewn  that  there  is  no  truth  whatever  in 
the  statement;  moreover,  there  is  the  risk  that  the  tea  itself  may  have 
been  contaminatcfl  by  a wrapj>er  of  leaden  foil.  In  one  experiment  with 
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water  containing  grain  of  lead  per  gallon,  the  tea  infused  fi'om  it 
contaiTied  grain. 

The  drinking-water  in  our  houses  should  be  free  from  such  con- 
tamination as  we  have  been  considering.  Water  that  naturally  contains 
carbonate  of  lime  is  not  acted  upon  by  lead ; and  we  have  seen  that  the 
addition  of  alkaline  carbonates  is  a preventive  : so  are  alkaline  phosphates 
and  silicates.  When  water  has  filtered  through  a bed  of  sand  it  is  not 
so  liable  to  be  contaminated  by  lead  in  its  transit  through  the  pipes,  as 
the  water  takes  up  a certain  amount  of  silica,  which  unites  with  any 
dissolved  lead  to  form  an  insoluble  silicate,  and  this  forms  a coating  on 
the  inside  of  the  pipe.  To  cause  jfiumbism  it  is  not  necessary  that  the 
drinking-water  should  contain  lead  in  solution.  One  of  the  most  serious 
cases  of  saturnine  poisoning  that  I have  seen  in  consultation  was  that  of 
a lady  in  Kensington,  who  with  one  of  her  sons  suflered  severely  from 
using  water  taken  from  a cistern  in  which  several  loose  lumps  of  Avhite 
lead  had  been  left  by  a careless  workman.  The  water  as  it  flowed  from 
the  cistern  was  muddy  : it  contained  a large  quantity  of  lead  in  a pre- 
cipitated form,  but  none  in  solution.  Lead  had  been  deposited  upon 
vegetables  boiled  in  this  muddy  water,  and  thus  it  gained  an  entrance 
into  the  system. 

When  drinking -Avater  contains . lead,  the  addition  of  sulphuretted 
hydrogen  or  ammonium  sulphide  at  once  precipitates  the  metal  as  a 
dark  brown  sulphide — care  having  been  previously  taken  to  add  a small 
quantity  of  hydrochloric  acid  to  it  to  precipitate  any  iron  that  may  be 
present.  Should  there  be  only  a minute  trace  of  lead  in  the  Avater  the 
addition  of  a small  quantity  of  barium  sulphate  (|  grain)  alloAvs  of  the 
precipitate  coming  down  in  tAvo  layers ; the  loAver  stratum  forms  I’apidly, 
and  is  composed  of  denser  particles,  Avhilst  the  upper,  being  lighter, 
takes  a longer  time  to  subside ; in  this  the  sulphide  of  lead  is  deposited. 
A buff  or  dark  broAvn  colour  is  thus  imparted  to  it,  Avhich  causes  it  to 
stand  out  in  distinct  contrast  to  the  underlying  well-defined  Avliite  layer. 
By  this  means  o-utj-  grain  of  lead  per  gallon  may  be  detected.  Occasionally 
it  is  necessary  to  test  the  “ plumbo-solvency  ” of  a suspected  AA'ater,  and 
for  this  purpose  nothing  is  better  than  the  “ shot  ” test  of  Wliitelegge, 
namely,  filtering  the  Avater  through  lead  shot  specially  prepared  free  from 
arsenic  and  then  testing  it. 

We  have  dealt  at  length  Avith  the  question  of  epidemic  plumbism, 
for  the  disease  has  rather  increased  than  diminished  of  late ; and  it  Avill 
tend  to  become  even  more  prevalent  as  our  rapidly  groAving  tOAvn- 
populations  go  far  afield  in  search  of  Avater.  Moorland  Avaters,  in  the 
late  summer  and  autumn  months,  are  strongly  impregnated  Avith  peaty 
acids.  Water,  according  to  Mr.  Power  and  Dr.  Houston,  ma}'  simply 
dissolve  lead  by  a true  plumbo- solvent  action,  or  it  may  possess  an 
“ erosive  ability,”  Avhereby  it  forms  an  almost  insoluble  lead  compound 
so  loosely  attached  to  the  lead  as  not  to  shield  it  from  further  attack. 
Distilled  Avater  possesses  the  first  poA\mr,  moorland  Avater  both ; and 
although  boiling  may  destroy  the  property  possessed  by  distilled  Avater, 


METALLIC  AND  OTHER  POISONS 


104 


moorland  watei-s  remain  unatlected.  It  has  been  demonstrated  by 
Dr.  Houston  that  two  kinds  of  bacteria,  probably  derived  from  peat,  are 
present  in  moorland  water,  and  are  capable  of  generating  an  acid  which 
imparts  to  water  its  power  of  dissolving  lead. 

Lead  sixlts  are  all  more  or  less  poisonous.  Even  so  insoluble  a salt  as 
the  sulphate  is  acted  upon  by  the  intestinal  juices,  and  is  more  or 
less  soluble.  In  my  own  experiments  animals  that  received  sulphate  of 
lead  died,  and  the  livers  contained  lead.  The  sulphide  of  lead  is 
very  insoluble ; hence  the  preventive  treatment  of  plumbism  by  giving 
sulphur  in  milk.  Chromate  of  lead  is  also  very  insoluble,  and  yet  it  has 
frequently  caused  poisoning  by  diffusion  as  fine  dust  through  the  air 
in  the  carding- rooms  of  woollen  or  cotton  factories,  effects  which  have 
disappeared  at  once  on  the  introduction  of  fan  ventilators. 

Lead  finds  its  way  into  om*  victuals  when  these  are  cooked  in  cheap 
enamelled  or  tinned  ware,  and  in  the  adulteration  of  articles  of  diet,  for 
example.  Hour  or  pastry  coloured  yellow  by  cheap  baking  porvder,  Avines, 
beer,  and  cider,  tinned  meats,  cream  of  tartar,  and  tea  wrapped  in  leaden 
foil.  The  latter  is  a soui’ce  of  danger  because  of  the  excessive  tea-drinking 
of  the  labouring  classes.  It  is  only  right  to  add  that  lead  has  not  always 
been  found  in  tinned  jellies  and  meats,  although  present  in  the  solder. 
A cheap  solder  is  sometimes  used  in  France  for  sardines : it  contains 
67  per  cent  of  lead  and  33  of  tin. 

It  is  sometimes  extremely  difficult  to  detect  the  source  of  plumbism. 
A short  while  ago  a lady  Avas  sent  to  me  from  Macclesfield  suffering 
from  extreme  antemia,  headache,  and  recurrent  colic.  As  her  symptoms 
ahvays  disappeared  Avhen  she  went  away  from  home  for  a period,  the 
Avall-paper  of  her  bedroom  Avas  examined,  and  found  to  contain  lead ; so, 
too,  did  the  patient’s  mane.  After  treatment,  removal  of  the  Avail-paper, 
and  change  of  the  bedroom  for  a time  the  patient  made  a good  recoA^ery. 
Lefour  quotes  the  case  of  a husband  and  Avife  Avho  were  similarly 
affected  by  a wall-paper  which  contained  23  grammes  of  lead  per  square 
metre.  Out  of  11  samples  of  wall-paper  examined  9 contained  lead 
varj-ing  from  18  to  119  grammes  per  square  metre. 

Industrial  lead  poisoning  claims  many  victims  annually  due  to  the 
inhalation  of  dust,  the  sAvalloAving  of  impregnated  saliva,  eating  Avith 
unwashed  hands  in  the  Avorkshop,  the  adhesion  of  lead  dust  to  the 
clothes  of  the  work-people,  or  to  the  solution  of  it  in  the  sAveat  and 
absorption  by  the  skin.  Improved  ventilation  of  factories,  attention 
to  stringent  rules  of  cleanliness,  restriction  of  female  labour,  medical 
examination  of  the  Avork-peojAle  on  first  entering  the  factory,  and  after- 
wards at  weekly  periods,  have  done  much  to  diminish  industrial  plumbism  ; 
but  the  abolition  of  all  hand-Avork  and  the  substitution  for  it  of 
electrolysis  in  the  manufacture  of  lead  are  highly  de.sirable. 

Lead-mining  in  this  country  is  no  longer  the  extensive  industry  ic 
was  of  yore.  It  is  still  pursued  in  some  of  the  dales  of  Durham,  York- 
shire, Cumberland,  and  the  Teak  of  Derbyshire.  Foreign  ores,  particu- 
larly the  Australian  and  Spanish,  are  richer  in  sih'er  than  ours,  so  that 
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at  the  present  time  most  of  the  metallic  or  pig  lead  used  in  this  countr}' 
is  imported.  English  lead-ore  seldom  contains  more  than  eight  or  ten 
ounces  of  silver  to  the  ton ; but  in  Spanish  there  may  be  40  to  80  ounces 
to  the  ton.  The  process  of  desilver isation  cannot  be  regarded  as  an 
unhealthy  one  to  the  operative.  The  silver  is  extracted  by  the  zinc  or 
Parkes’  process,  the  principle  of  which  is  that  in  smelting  the  ore  zinc 
alloys  itself  with  silver  and  floats  on  the  surface. 

The  British  lead-miner  runs  little  or  no  risk  from  plumbism.  The 
getting  and  handling  of  the  ore  is  unattended  by  such  symptoms  as  colic, 
headache,  or  paralysis  ; for  in  Britain  the  lead  in  the  mines  is  almost 
pure  metal  mixed  with  spar.  In  the  Broken  Hill  mines  of  Australia 
the  ore  exists  in  the  form  of  carbonate ; and  many  of  the  miners  there 
have  died  from  lead  encephalopathy.  The  lead-miner  at  home,  how- 
ever, runs  other  risks.  The  mines  in  many  instances  are  deep,  damp, 
and  badly  ventilated — and  the  ingress  and  egress  are  difficult.  The  men 
become  prematurely  old  : they  suffer  from  cough  and  spit.  Manj^  of 
them  die  of  phthisis,  in  which  the  lungs  present  the  characters  of  fibroid 
change.  In  the  indurated  lung  we  find  no  traces  of  lead,  but  tubercle 
bacilli  are  in  the  expectoration.  Many  of  the  lead-miners  also  suffer  from 
distorting  rheumatoid  affections  of  the  joints. 

The  dangers  of  plumbism  arise  during  the  smelting  of  the  metal ; 
but  of  late  this  has  been  diminished  by  placing  a hood  in  front  of  the 
furnace,  and  by  free  ventilation.  Nevertheless  lead-smelters  are  pale,  and 
occasionally  suffer  from  colic.  But  there  is  a more  widely  spread  danger 
than  that  to  the  smelter.  The  white  fumes  that  issue  from  the  stack 
contain  large  quantities  of  lead ; and,  as  the  lead  is  deposited  on  the  soil, 
cattle  grazing  in  the  neighbourhood  have  suffered  and  died  from  plumbism, 
the  disease  being  si>oken  of  as  “bellond.”  Moreover,  the  flues  from  the 
smelting  stacks  hjive  to  be  cleaned  out  from  time  to  time ; and  the  men 
who  enter  them  for  this  pm'pose  suffer  from  severe  headache  and  giddi- 
ness. The  remelting  of  old  lead  is  not  without  danger ; and  as  this  is 
frequently  carried  on  in  small  shops  or  private  houses,  i)eople  living  in 
the  immediate  neighbourhood  have  shewn  symptoms  of  plumbism,  and 
pregnant  women  and  animals  miscarry.  In  the  fumes  emitted  from  the 
chimneys,  lead,  zinc,  manganese,  and  arsenic  have  been  found.  The 
melting  of  old  lead  pipes  is  then,  in  my  opinion,  much  more  dangerous 
than  smelting  the  ore,  probably  from  the  large  quantity  of  lead  carbonate 
or  organic  compounds  present.  A similar  danger  attends  the  breaking 
up  and  burning  of  old  railway  carriages. 

The  white  - lead  factories  supply  the  largest  number  of  cases  of 
plumbism.  Lead  poisoning  also  occurs  among  potters,  who  dip  their 
ware  in  glaze,  and  amongst  enamel-plate  makers  and  tinners  of  cheap 
hollow  ware.  Metallic  lead  is  not  so  dangerous  as  its  salts,  and  yet 
the  file-cutters  of  Sheffield  who  hammer  their  files  upon  a lead  cushion 
frequently  suffer  from  plumbism.  The  more  soluble  the  salt  of  lead  the 
greater  is  the  danger.  AVhite  lead  or  carbonate  is  the  most  harmful 
owing  to  its  extensive  emploj'ment,  and  it  is  on  this  account  that  various 
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substitutes  h:ivo  been  tried  for  it ; but  for  purity,  wliiteness,  and  durability 
on  exposure  it  is  still  superior  to  all  pigments.  White  lead  is  usually 
made  in  this  country  by  what  is  known  as  the  old  Dutch  process,  for  the 
details  of  which  chemical  text-books  should  bo  consulted. 

House-painters  suffer  from  plumbism.  In  burning  off  the  old  paint 
there  is  usually  considerable  stithe ; inhalation  of  which  causes  colic, 
^•omiting,  and  severe  headache  with  constipation.  This  predisposes  the 
individual  so  far  that  he  readily  succumbs  to  a fresh  invasion  of  the  jjoison. 
It  is  not  so  much  the  use  of  the  brush  and  inhalation  of  the  terebinthin- 
ated  lead  vapour  that  affect  house-painters.  Several  coats  of  paint,  for 
example,  have  to  be  applied.  After  the  processes  known  as  “ prime  ” 
colouring  and  “ puttying  ” with  white  lead  comes  the  “ flat  ” coloming. 
It  is  when  these  coats  are  dry  that  the  painter,  using  sand-paper  to  make 
the  surface  fiat,  creates  a eloud  of  dust,  inhalation  of  which  is  frequently 
followed  by  cobc  or  wrist-drop.  Similarly,  in  paint  and  colour  works  it 
is  the  dust  generated  during  the  grinding  and  mixing  of  white  lead  that 
is  the  main  cause  of  plumbism.  The  men  who  work  in  eleetric  accumu- 
lator factories,  and  who  fill  in  the  plates  Avith  a lead  paste,  are  particidarly 
liable  to  colic  and  the  severer  forms  of  plumbism.  Lead  poisoning  in 
these  circmnstances  det^elops  with  extreme  rapidity. 

Lead  gains  access  to  the  system  by  the  skin,  the  respiratory  passages, 
and  the  intestinal  tract.  It  may  also  enter  through  the  vaginal  mucous 
membrane  from  the  use  of  lead  lotion  in  douching,  and  the  lacrimal  by 
coUyria.  Animals  Avhose  skin  has  been  smeared  with  oleate  of  lead  have 
died ; the  long-continued  application  of  medicated  plasters  and  the  use 
of  cosmetics  and  hair-dyes  containing  lead  have  caused  plumbism,  also 
the  frequent  handling  of  metallic  lead.  The  metal  or  its  salts  in  the 
form  of  dust  may  enter  by  the  respiratory  channels ; the  salts,  becoming 
deposited  by  the  alkaline  juices  of  the  respiratory  passages,  are  first 
converted  into  carbonate  and  then  into  the  more  soluble  bicarbonate. 
When  lead  has  thus  gained  access  symptoms  are  quickly  induced,  and 
they  are  usually  more  severe  than  when  the  metal  has  been  sAA^allowed. 
Entering  the  gastro-intestinal  canal,  it  is  acted  upon  by  the  gastric  juice, 
the  hydrochloric  acid  of  Avhich  is  sufficient  to  convert  a quantity  into 
soluble  chloride.  It  has  been  demonstrated  that  during  the  simultaneous 
digestion  of  proteid  a very  small  quantity  of  lead  only  is  dissolved. 
Lead  salts  are  also  dissolved  by  bile,  but  if  bile  is  allowed  to  act  upon  fat 
at  the  s<ime  time  very  little  of  the  salt  enters  into  solution.  e have 
found  pancreatic  juice  inactive  upon  lead.  It  is  the  hydrochloric  acid  of 
the  ga.stric  juice  that  is  the  active  agent.  When,  therefore,  lead  salts 
have  p.'issed  out  of  the  stomach  along  Avith  the  acid  chyme,  there  is 
nothing  in  the  intestine,  except  bile,  likely  to  act  upon  them — unless  it 
be  the  acid  prrxlucts  of  bacterial  life — and  as  sulphuretted  hydrogen  is 
alway.s  present  in  the  intestinal  canal,  there  is  the  probability  that  an 
insoluble  lea<l  sulphide  Avill  be  formed,  and  thus  eliminated.  Plumbism 
is  more  likely  to  arise  Avhere  very  minute  (|uantities  of  lead  are  repeatedly 
taken  into  the  system  than  after  a few  larger  doses.  Small  ciuantities 
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are  more  completely  dissolved,  are  more  readily  absorbed,  and  not  so 
freely  eliminated. 

It  is  with  plumbism  as  with  intoxication  in  general ; certain  circum- 
stances intensify  the  disposition  to  it : the  younger  the  age  the  greater 
the  liability,  and  particularly  is  this  the  case  with  women.  Young 
women  who  are  anaemic  and  ill-nourished  are  rapidly  brought  under  the 
influence  of  the  metal,  and  in  them  the  nervous  system  is  especially  apt 
to  suffer.  In  one  of  my  own  cases  a month’s  work  in  a white- lead 
factory  proved  fatal  to  a girl.  In  five  years  ended  June  1889,  135  cases 
of  lead  poisoning  were  admitted  into  the  Newcastle  Infirmary  : of  these 
9 1 were  women  and  44  men.  The  susceptibility  of  women  was  exhibited 
from  the  ages  of  18  to  23;  the  largest  number  of  admissions  being  at 
1 9 and  2 2 years  of  age  : the  greatest  susceptibility  of  men  was  from  4 1 
to  48.  In  a second  five  years’  series  of  admissions  ended  June  1894 
the  largest  number  of  female  admissions  was  at  the  ages  of  19  and  25  ; 
and  whilst  males  shewed  a tendency  to  suffer  at  26,  the  larger  number 
occurred  after  40  years  of  age. 

The  drawing  or  emptying  of  “ stoves  ” is  regarded  as  the  most 
dangerous  part  of  white  - lead  making.  Improper  feeding,  general 
destitution,  and  previous  illnesses,  alcoholic  intemperance,  and  working 
in  a badly  ventilated  factory,  are  circumstances  which,  Avith  menstrual 
irregularities,  strongly  dispose  young  women  to  lead  poisoning.  During 
recent  years  outbreaks  of  lead  poisoning  have  occurred  in  the  midland 
counties  among  women  of  the  child-bearing  age  from  the  ingestion  of 
diachylon  as  an  abortifacient. 

Lead  poisoning  occurs  in  four  forms.  In  the  first  colic  is  the  most 
important  symptom ; in  the  second  the  central  nervous  system  is  jiro- 
foundly  affected,  the  patient  being  the  subject  of  epileptiform  seizures 
called  “ lead  encephalopathy  ” ; the  third  is  the  neuro-muscular  form,  in 
which  “ drop-wrist  ” is  the  most  marked  symptom ; and  in  the  fourth 
are  included  all  those  cases  of  chronic  plumbism  characterised  by  profound 
cachexia,  early  decrepitude,  and  albuminuria. 

Colic  is  usually  one  of  the  earliest  symptoms  of  lead  poisoning,  but  it 
is  generally  preceded  by  anaemia.  One  of  the  earliest  indications  of 
plumbism  is  a peculiar  anaemia  or  cachexia — the  face  becomes  jAale,  and 
there  is  complaint  of  inability  to  take  food,  particularly  in  the  morning, 
a metallic  taste  in  the  mouth,  and  of  sickness,  with  or  without  con- 
stipation. If  these  premonitions  be  disregarded  the  patient  is  sooner  or 
later  seized  with  acute  abdominal  pain,  usually  paroxysmal.  Colic,  as  a 
rule,  is  accompanied  by  constipation,  but  not  necessarily  so.  The  IaoavcIs 
may  be  fairly  regular,  very  constipated,  or  slightly  loose.  As  a rule  there 
is  constipation,  and  that,  too,  of  an  obstinate  character.  Since  colic, 
constipation,  and  vomiting  are  usually  present  together,  they  constitute 
the  saturnine  triad.  The  abdominal  pain  may  be  so  severe  that  the 
patient  cannot  allow  the  abdomen  to  be  touched.  In  other  cases  relief 
is  obtained  by  firmly  pressing  the  abdomen,  or  by  applying  Avarmth 
externally.  The  pain  of  lead  colic  has  a double  character  : it  is  superficial 
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or  deep,  i.e.  dermal  or  muscular.  It  is  the  former  or  paroxysmal  pain 
which  is  aggravated  by  pressure,  the  other  is  constant  and  is  more  of  a 
dull  aching.  Days  after  the  superficial  or  paroxysmal  pain  has  siibsided 
deep  pressure  upon  the  abdomen  elicits  signs  of  suftering,  and  the 
peculiarity  of  this  piin,  and  sometimes  too  of  the  colic,  is  that  it  is 
either  limited  to  one  side  entirely,  or  is  more  acutely  felt  on  pressure  on 
one  side  than  the  other.  Frequently  localised  near  the  umbilicus,  it  may 
extend  as  far  out  as  the  external  border  of  the  rectus  muscle ; or  it  may 
be  dittused  over  the  upper  half  or  two-thirds  of  the  abdomen.  Accom- 
pinying  the  colic  there  may  be  painful  micturition,  pain  in  the  region  of 
the  kidneys  or  in  the  testes  nith  retraction  of  these  glands.  The  muscular 
walls  are  generally  hard  and  retracted,  but  not  necessarily  so,  for  the 
abdomen  may  be  of  normal  form,  or  there  may  even  be  localised  or 
genei"al  distension.  One-sided  localisation  of  the  pain  is  notable,  and 
concurrent  with  it  I have  frequently  noticed  that  extreme  pain  is  felt 
when  firm  pressure  is  made  upon  the  line  of  the  vagus  in  the  neck, 
particularly  on  the  corresponding  side.  It  is  interesting  to  note,  too,  that 
during  recovery  the  disappearance  of  the  vagus  pain  in  the  neck  is  con- 
temporaneous with  that  which  was  elicited  by  pressure  on  the  abdomen. 
Moreover,  the  pupils  are  generally  unequal ; the  ride,  though  not  an 
invariable  one,  being  that  the  pupil  on  the  same  side  as  the  abdominal 
pain  is  smaller.  The  radial  pulses  also  are  unequal,  that  on  the  affected 
side  being  stronger  or  weaker  as  the  case  may  be.  In  addition  to  colic, 
there  is  pain  in  the  muscles  of  the  arms  or  legs.  The  knee-jerk  is 
usually  exaggerated  on  the  affected  side.  Even  when  the  colic  is  dis- 
tributed all  over  the  abdomen  the  pupils  may  be  unequal ; one  or  both 
may  be  dilated,  and  there  may  be  the  inequality  of  the  radial  pulse 
already  described. 

Constipation  generally  accompanies  the  colic,  but  relief  to  pain  does 
not  immediately  follow  the  action  of  the  bowels.  For  several  days,  even 
though  the  bowels  are  being  moved  by  aperients,  pain  may  still  be 
complained  of  and  vomiting  may  continue.  Occasionally  diarrhoea  is 
present  and  persists  during  the  colic.  AATien  the  colic  is  severe  the 
patient  looks  thoroughly  ill ; the  face  wears  an  expression  of  suffering, 
he  rolls  about  in  agony,  and  is  with  difficulty  restrained.  This  peculiar 
restlessness  is  characteristic  of  acute  lead  colic.  The  acute  abdominal 
pain  may  last  from  three  to  eight  d.ays  and  then  disappear,  the  cure 
being  complete ; but  in  the  chronic  form  the  pains  may  recur,  although 
with  less  severity,  especially  after  food  or  fatigue,  and  be  accompanied 
by  nausea.  U.sually  acute  lead  colic  is  unaccompanied  by  a rise  of 
temfierature.  When  there  is  feverishness  there  is  a slightly  increased 
pulse-rate  proportional  to  the  pyrexia.  A rise  of  temperature  with 
colic  suggests  the  probability  of  a subacute  gastro-enteritis. 

It  is  difficult  to  explain  the  colic.  Some  authors  believe  that  lead 
acts  primarily  upon  nerve-ganglia ; others  upon  tlic  muscular  fibre  of  the 
intestinal  wall,  or  upon  the  musculature  of  the  intestinal  arteries.  Dr. 
Haig  attributes  it  to  the  deposit  of  an  insoluble  lead  urate,  and  therefore 
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administers  sodium  salicylate.  In  animals  that  have  died  from  plumbism 
I have  found  the  small  intestine  irregularly  contracted ; at  places  so 
extreme  was  the  spasm  that  the  intestine  felt  like  a piece  of  cord — its 
calibre  being  obliterated.  Was  the  contraction  of  the  intestine  in  these 
cases  due  to  the  direct  action  of  lead  upon  the  muscular  fibre,  or  had  the 
arteries  become  contracted  pi’imarily,  and  thus,  by  shutting  off  the  blood- 
supply,  caused  nervous  excitation  and  muscular  contraction  ? Clearly 
the  pain  is  due  to  extreme  spasm  of  portions  of  the  intestine  and  pressure 
upon  sensitive  nerves — and  the  recurrent  pain  would  be  explained  by  the 
effort  of  the  dilated  segments  of  the  intestine  to  pass  on  their  contents 
into  the  constricted  portions  below.  Sjjasm  and  arterial  ischaemia,  by 
cutting  off  the  suppl}'^  of  liquid,  would  aggravate  constipation.  It  is 
probable  that  the  nerve-ganglia  are  first  affected. 

Lead  Colic  and  Appendicitis. — In  lead  colic  pain  may  be  referred  to 
either  iliac  fossa.  Considerable  difficulty  of  diagnosis  may,  therefore,  be 
experienced  when  pain  is  complained  of  in  the  right  ileo-caecal  region. 
PatieTits  suffering  from  lead  colic  have  been  operated  upon  for  supposed 
appendicitis  vdiicli  was  not  present,  and  operations  have  not  been  done 
when  they  ought  to  have  been.  The  difficulty  of  diagnosis  is  increased 
by  the  fact  that  a patient  who  is  suffering  from  lead  colic  may  have 
appendicitis  as  Avell.  It  is  a moot  point  as  to  how  far  lead  as  a toxic 
agent  may  be  a cause  of  appendicitis,  since  perforating  appendicitis  followed 
by  death  is  known  to  have  occurred  in  plumbism.  Appendicitis  would 
thus  bo  a complication  of  lead  colic.  The  only  thing  to  do  in  the 
circumstances  is  to  watch  the  patient  carefully  for  a few  hours.  A slow 
pulse,  absence  of  fever,  early  vomiting,  and  a diminished  area  of  hepatic 
dulness  would  favour  the  diagnosis  of  lead  colic  as  against  ajjpendicitis. 
A diagnosis  cannot  be  made  on  the  situation  of  the  pain  alone,  for  while 
in  lead  colic  this  is  usuallj'^  the  umbilical  area,  the  pain  may  extend 
beyond  this  area ; it  may  be,  e.g.,  epigastric  or  hypogastric,  and  besides 
in  appendicitis  the  pain,  though  usually  referred  to  and  aggravated  by 
pressure  in  the  ileo-emcal  region,  does  not  always  commence  there. 

Accompanying  the  colic  we  find — (i.)  the  radial  pulse  extremely 
small,  almost  imperceptible  or  it  is  hard,  resistant,  and  of  high  tension : 
(ii.)  oliguria — the  excretion  of  urine  is  reduced  to  a minimum.  The 
])ulse  may  be  as  slow  as  40  to  the  minute.  In  some  patients  an  extremely 
feeble  pulse  is  characteristic  of  this  period ; so  feeble  is  it  that  even  the 
sphygmograph  may  fail  to  register  it,  and  yet  during  colic  there  may  be 
heightened  arterial  blood-j^ressure  which  comes  and  goes  with  the  pain. 
It  is  no  uncommon  thing  for  colic  to  disappear  and  reappear ; and  this 
change  is  accompanied  by  relaxation  and  heightening  of  the  arterial 
pressure.  Disappearance  of  the  colic  is  usually  attended  by  a retui-n  of 
the  blood-pressure  to  the  normal.  It  does  not  necossaril3f  follow  that  the 
high  blood-pressure  is  due  to  the  abdominal  pain,  for  it  may  persist  in 
the  intervals,  besides  the  arterial  pressure  is  not  high  in  other  forms  of 
colic.  Still  in  lead  colic,  intestinal  spasm  and  vaso-constriction  in  the 
splanchnic  area,  which  is  one  of  the  principal  causes  of  high  arterial 
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pressure,  frequently  go  together.  The  small  amount  of  urine  excreted 
during  colic  is  noteworthy.  It  may  fall  as  low  as  8 to  12  ounces  j)er 
diem,  and  in  young  subjects,  particularly  in  first  attacks,  it  is  free  fi-om 
albumin.  Except  that  it  contains  too  little  urea  the  urine  at  this  stage, 
although  lessened  in  quantity,  presents  no  special  feature.  When  the 
colic  disappears,  not  only  does  the  quantity  of  urine  rise,  but  the  urea  as 
well.  If  saturnine  colic  be  unaccompanied  by  complications  the  patients 
gradually  recover,  although  in  the  early  stages  there  are  apt  to  be 
remissions.  The  mortality  in  this  condition  is  practically  speaking  nil. 

In  plumbism  the  face  is  usually  pale : in  the  chronic  forms  the  face 
is  rounded,  the  features  are  expressionless,  and  the  ancemia  passes  into  a 
cachexia  which  may  never  disappear.  On  the  gums  may  be  observed  a 
bluish-black  line  along  the  margins  close  to  the  teeth ; this  is  absent, 
however,  if  the  teeth  have  fallen  out,  and  in  people  who  have  regularly 
used  the  tooth-brush.  It  is  frequently  associated  with  ulceration  and 
retraction  of  the  gums,  so  that  the  teeth  appear  elongated  and  discoloured. 
Eimning  up  between  the  teeth  may  be  seen  small  pyramidal  masses  of 
gum  with  well-defined  blue  margins.  First  described  by  Burton,  the 
presence  of  the  blue  line  on  the  gums  is  a considerable  aid  in  diagnosis ; 
and  yet  it  may  be  present  for  months  in  the  gums  of  lead-workers  who 
are  not  suffering  from  plumbism.  Its  persistence,  however,  is  an 
indication  of  the  presence  of  lead  in  the  system.  Other  substances 
besides  lead  may  cause  a line  on  the  gums.  I have  seen  a deep  black 
line  on  the  gums  of  a coal-miner.  In  people  who  have  been  taking 
bismuth  or  copper,  and  whose  teeth  are  decayed,  a livid  line  is  occasionallj’^ 
met  with ; in  a child  poisoned  by  tetrachloride  of  gold  Sir  T.  Stevenson 
found  a purple-black  line  at  the  junction  of  teeth  and  gums.  A delicate 
blue  line  is  sometimes  noticed  on  the  gums  of  workpeople  exposed  for  a 
few  hours  to  an  atmosphere  laden  with  lead  dust ; but,  as  it  disappears 
on  rinsing  the  mouth,  it  is  a deposit  of  sulphide  of  lead  on  the  mucous 
membrane  and  not  in  it.  The  characteristic  blue  line  occurs  at  the 
margin  of  the  gum  where  it  is  not  in  complete  apposition  with  the  teeth  ; 
and  it  is  usually  more  pronounced  on  the  lower  than  the  upper  gum. 
The  presence  of  bad  teeth,  ulcerated  gums,  and  want  of  cleanliness  favour 
its  establishment.  In  a few  days  after  exposure  to  the  poison  the  line 
may  appear,  and  it  persists.  Its  disappearance  is  not  perceptibly 
ha.stened  by  friction  or  by  the  use  of  mouth-washes ; nor  is  it  quickly 
removed  by  medicines.  The  shorte.st  times  in  which  I have  noticed  its 
di.sappearance  are  from  two  weeks  to  four  months.  On  other  portions  of 
the  mucous  membrane  of  the  mouth  bluish-black  patches  may  be 
obseiwed ; a frequent  site  of  them  being  just  inside  the  lower  lip.  It 
has  been  stated  that  the  administration  of  potassium  iodide  in  a rase  of 
plumbi.sm  wall  bring  out  the  blue  line  if  absent ; but  we  have  no  jwoof 
of  this.  On  micrrwcopicfil  examination  of  the  gum  numerous  black 
gramdes  of  sidphide  of  lead  are  observed  in  the  deeper  cells  of  tlie 
epidermis,  also  in  the  large  phagocytic  cells  of  the  connective  tissue 
where  ulceration  has  taken  place,  and  not.  as  Fagge  taught,  in  the  small 
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blood-vessels.  Occasionnlly  the  mucous  membrane  of  the  lower  jiart  of 
the  small  intestine  or  of  the  ascending  colon  shews  jiatches  of  bluish- 
black  staining,  and  on  microscopical  examination  the  deeper  cells  of  the 
mucosa  are  found  to  contain  particles  of  sidphide  of  lead. 

As  regards  the  pallor,  which  is  nearly  always  present,  or  the  well- 
marked  saturnine  cachexia  of  th6  older  cases,  the  blood  is  deficient  in 
red  cells  without  any  increase  of  the  white.  In  plumbism  the  pallor  of 
the  face  is  often  greater  than  the  blood-count  explains.  The  red  blood- 
corpuscles  in  my  own  patients  have  varied  from  2,700,000  to  .3,500,000 
per  c.mm.,  the  white  corpuscles  have  averaged  10,000,  and  frequently 
the  haemoglobin  has  been  less  than  50  per  cent  of  the  normal.  It  would 
sometimes  appear  as  if  the  anaemia  was  proportional  to  the  length  of 
exposure  to  lead.  Mr.  Goadby  draws  attention  to  the  presence  of 
minute  basophil  granules  in  the  red  blood-corpuscles  of  lead-workers,  which 
with  Leishman’s  stain  look  bluish-green.  Plehn  found  similar  bodies  in 
malaria.  Andr6  found  not  only  basophil  granules  in  the  erythrocytes, 
but  also  a few  nucleated  red  blood-corpuscles  in  a man  who  had  been 
exposed  to  lead  for  only  three  months.  In  one  of  my  OAvn  jjatients  the 
blood  on  microscopical  examination  Avas  found  to  contain  3,200,000  red 
corpuscles  per  c.mm.  and  68V5  white,  the  differential  leucocyte-count 
being — polymorphonuclear,  66  per  cent ; small  lymphocyte,  20  per  cent ; 
large  lymphocyte,  6 per  cent ; eosinophil,  8 per  cent.  The  thyroid  gland 
is  extremely  small,  and  in  old  cases  there  is  atrophy  and  gelatinous 
degeneration  of  the  marroAv  of  bones.  Prof.  Stockman  and  Dr.  Charteris 
examined  the  bone-marrow  of  the  femora  of  ten  rabbits  poisoned  by 
lead,  and  found  that  while  the  fat-cells  had  disappeared  there  AAms  an 
increase  of  the  marrow-cells.  The  cells  that  multiply  are  the  leucoblasts, 
i.e.  those  Avhich  give  rise  to  the  finely  granular  polymorphonuclear 
leucocytes  of  the  blood.  It  may  be  that  this  increased  number  of  leuco- 
cytes has  for  its  object  the  absorption  of  the  poison,  since  a similar 
condition  is  observed  in  arsenical  and  other  forms  of  mineral  poisoning 
and  in  toxaemias.  The  submaxillary  gland  may  be  SAvollen,  also  the 
parotid  and  sublingual  glands.  Occasionally  the  nails  exhibit  trophic 
changes.  They  break  readily,  are  short  and  notched.  In  a female  lead- 
Avorker  I found  the  nails  of  the  hands  and  feet  had  a peculiar  yelloAv-broAvn 
colour  as  if  they  had  been  painted  Avith  Aveak  iodine.  Associated  Anth 
trophic  changes  in  the  nails  there  is  usually  neuritis. 

It  may  be  partly  due  to  anremia,  and  to  the  peculiar  effects  of  lead 
upon  menstruation,  that  Avomen  are  more  susceptible  than  men,  and  at 
an  earlier  age.  This  is  not  because  AAmmen  are  more  exposed  to  the 
specially  dangerous  processes  in  the  manufacture  of  Avhite  lead.  Men- 
struation is  apt  to  be  increased ; but  AA'hilst  in  many  cases  there  is 
menorrhagia  every  two  or  three  Aveeks,  in  not  a feAV  there  is  amenorrhcea. 
Some  Avriters  attribute  the  headache,  so  frequently  complained  of  by 
female  lead-Avorkers,  to  the  scanty  menstruation.  This  may  aggravate, 
but  it  is  not  the  cause  of  the  headache,  for  headache  is  equally  a symptom 
in  plumbism  Avhere  there  is  menorrhagia.  Pregnant  AAmmen  readily  abort. 
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So  frequently  is  the  tendency  to  niiscany  exhibited  by  female  lead- 
workei’s,  that  the  only  means  sometimes  by  whieh  the  full  term  of  preg- 
nancy can  be  reached  is  to  leave  the  factory  altogether.  This  tendency 
to  miscarry  is  equally  Avell  seen  in  the  lower  animals  under  experimental 
plumbism.  Kabbits  readily  thus  abort.  In  the  lower  animals  the 
influence  of  sex  in  increasing  the  susceptibility  to  plumbism  is  just  as 
noticeable  cis  in  the  human  female.  In  the  female  sex  generally,  not 
only  is  metabolism  less  active,  but  excretion  is  not  so  well  performed : 
women  sufter  more  from  constipation  than  men,  and  though  they  pass 
relatively  as  large  a quantity  of  urine  as  men,  it  has  a lower  specific 
gravity,  and  is  relatively  deficient  in  solids,  particularly  in  urea.  The 
elimination  of  nitrogen,  therefore,  is  not  so  perfect  as  in  men,  and  it  is 
disturbed  by  the  return  of  each  menstrual  period.  Add  to  the  effects  of 
diminished  nitrogenous  metabolism  and  to  variations  in  renal  excretion 
those  of  constipation  and  irregular,  profuse,  or  scanty  menstruation,  and 
we  probably  have  the  explanation  of  the  greater  susceptibility  of  women 
to  lead  poisoning  than  of  men. 

The  nervous  system  is  peculiarly  prone  to  be  affected  by  lead,  and  the 
extent  to  which  it  is  affected  is  a measure  of  the  menace  to  life.  Colic 
or  Avrist-drop  usually  precedes  cerebral  symptoms  in  plumbism ; but  in 
many  cases  the  only  premonitory  symptom  is  severe  headache,  during 
which  the  tache  cirdhrale  may  be  obtained  ■,  and  then  without  further 
Avarning  the  patient  is  suddenly  seized  Avith  a fit  of  varying  severity  and 
duration ; this  passes  off,  only  to  be  repeated  Avdth  increasing  seA’^erity, 
until  the  patient  passes  into  a state  of  coma  from  which  he  may  never 
rally.  Epileptiform  seizures  may  be  the  only  symptom  of  plumbism  ; 
but  in  other  cases  colic,  Amst-drop,  and  fits  are  present  at  the  same  time. 
To  the  epileptiform  seizures  the  term  “ lead  encephalopathy  ” is  applied, 
and  of  all  forms  of  plumbism  this  is  the  most  dangerous.  It  is  the  most 
fatal  form,  and  in  young  Avomen  it  is  frequently  preceded  by  symiAtoms 
which  appear  to  be  of  a hysterical  nature.  So  slight  and  seemingly 
functional  are  these  hj’^sterical  symptoms  that  they  have  frequently 
thrown  careful  observers  off  their  guard.  Gradually  they  have  deepened 
and  been  succeeded  by  epileptiform  seizures,  and  Avithin  tAvo  days  the 
patient  has  died.  Debove  and  Achard  applied  the  term  “ toxic  h3fsteria  ” 
to  those  cases  in  Avhich  a neiurosis  arises  under  the  influence  of  in- 
toxication. Occasionally  in  plumbism  hysterical  paralysis  is  met  Avith, 
accompanied  bj'  hemianajsthesia  and  amblyopia  on  the  same  side  and 
anosmia  on  the  opposite.  Yet  Ave  do  Avell  to  remember  that  saturnine 
toxic  hysteria  is  frequently  the  forerunner  of  a A^ery  fatal  form  of  lead 
poisoning.  In  lejwl  encephalopathy  the  fit  may  only  last  a feAv  minutes, 
consciousne.ss  being  rapidly  regained.  The  patient  is  usually  A-ery 
restless ; there  is  grefit  excitement,  amounting  to  delirium,  or  thei’e  are 
flulness  and  melancholia.  In  the  intervals  the  pulse  is  sometimes  so 
feeble  as  scarcely  to  be  felt ; the  excretion  of  urine  falls — or  1 ounces 
only  in  the  twenty-four  hours — and  it  may  contain  albumin.  Tbe  fits, 
however,  keep  recurring,  and  in  one  of  them  the  patient  dies,  or  he  may 
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recover;  but  his  vision  has  become  affected  to  the  degree  of  complete 
or  incomplete  blindness ; or  aphasia  may  be  present. 

In  the  neuro-muscular  foj’m  the  patient,  after  having  experienced 
pain  or  numbness  in  the  muscles  of  the  foreai'm  and  leg,  and  perhaps 
too,  but  not  necessarily,  one  or  two  attacks  of  colic,  suddenly  or  gradually 
loses  the  power  of  liis  wrists  ; the  hands  fall  powerless  from  the  wrists, 
or  the  arms  from  the  shoulders,  and  he  lies  in  bed  Avith  hands  crossed, 
unable  to  feed  and  clothe  himself.  This  is  the  milder  form  of  lead 
paralysis,  and  it  affects  the  extensors  mainly.  The  paralysis  is  usually 
bilateral,  one  side,  however,  being  generally  Avorse  than  the  other.  The 
muscles  of  the  calves  are  tender  to  the  grasp.  There  is  rapid  muscular 
atrophy.  Occasionally  the  paralysis  is  Avidely  distributed,  the  muscles  of 
the  trunk,  back,  and  shoulders  become  affected  and  are  painful  on 
])ressure.  While  Avrist-drop  is  the  common  form  of  lead  pai-alysis  in  the 
adult,  it  is  not  so  in  children.  In  them  the  poison  has  a greater 
preference  for  the  loAver  than  the  upper  extremities— hence  ankle-drop 
Avith  loss  of  the  plantar  reflex. 

In  the  fourth  form  are  included  the  Auctims  of  chronic  plumbism. 
They  present  the  history  of  a long  exposure  to  lead  and  repeated  attacks 
of  colic ; possibly,  too,  of  Avrist-drop  and  of  one  or  two  epileptic  seizures. 
The  patient  is  extremely  cachectic ; the  metacarpo-phalangeal  joints  may 
be  swollen,  or  other  joints  may  be  the  seat  of  gout  or  rheumatism.  The 
extensor  muscles  of  the  Avrists  and  fingers  may  be  atrophied.  There  is 
general  malnutrition  ; the  gums  are  ulcerated,  and  probably  sheAv  a blue 
line ; the  sight  is  defective ; the  urine  contains  albumin ; the  health 
gradually  fails  ; the  individual  is  prematurely  old,  and  he  dies  from 
some  intercurrent  disease.  At  the  post-mortem  examination  the  heart, 
kidnej^s,  liver,  and  arteries  shcAv  pathological  changes. 

Paralysis  is  usiially  regarded  as  a symptom  of  chronic  plumbism  ; but 
it  may  occur  in  the  acute  form  Avithout  being  preceded  either  by  colic  or 
headache.  The  loss  of  poAver  precedes  the  atrophy  ; Avhen  Avasting  once 
begins  it  advances  rapidly.  Paralysis  of  the  extensor  muscles  of  the 
Avrists  causes  “ Avrist-drop,”  but  it  is  noticed  that  the  extensors  of  the 
fingers  are  also  similarly  affected — not  all  equally,  hoAvever;  the  index- 
finger,  for  example,  may  not  be  so  deeply  paralysed,  and  consequently  it 
recovers  more  quickly  than  the  others.  The  flexors  of  the  fingers,  too, 
generally  become  paretic  ; so  that  Avhen  any  effort  is  made  to  extend  the 
fingers  the  flexors  imperfectly  contract  and  are  throAAui  into  a state  of 
tremor.  The  supinator  longus  as  a rule  escapes ; but  if  the  muscles  of 
the  upper  arm  become  affected  this  muscle  is  not  exempted  : supination 
of  the  hand  is  accomplished  by  an  external  rotation  movement  of  the 
shoulder  and  a throAAung-out  of  the  hand  by  the  patient.  The  index-finger 
may  be  affected,  Avhilst  the  little  finger  escapes  ; or  the  thumb  ma}”^  not  be 
so  easily  extended,  its  abductor  and  adductor  muscles  being  paralysed  ; the 
fingers  probably  cannot  be  separated  ; the  interosseous  grooves  deepen, 
and  the  back  of  the  forearm  becomes  flattened  in  the  muscular  atroi>hy. 

AVhilst  lead  has  a strong  predilection  for  the  nerves  supplying  the 
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muscles  already  mentioned,  these  may  escape,  and  those  of  the  upper 
arm  be  attacked;  namely,  the  Duchennc-Erb  group — the  deltoid,  biceps, 
brachialis  anticus,  and  supinator  lougus.  To  this  group  is  gencrall}' 
superadded  paralysis  of  the  supra-  and  infra- spinati.  This  form  of 
paralysis  is  usually  bilateral,  and  occurs  in  the  more  inveterate  types  of 
lead  poisoning.  Of  this  group  of  muscles  sometimes  the  deltoid  is  the 
only  muscle  .aflected,  as  in  a case  reported  by  Dr.  Buzzard  ; in  others 
only  the  supinator  lougus.  ''.^’hen  the  whole  group  is  affected  the  patient 
is  unable  to  lift  his  arm — it  hangs  powerless  by  his  side ; he  cannot  bend 
the  forearm  at  the  elbow  owing  to  paralysis  of  the  biceps,  and  yet  he  can 
e.vtend  it,  the  triceps  having  escaped.  It  is  said  that  in  this  state 
muscular  atrophy  and  the  disturbances  of  electrical  contractility  are  less 
pronounced  than  in  the  more  classic  form.  In  one  of  my  female  patients 
not  only  was  the  Duchenne-Erb  group  of  muscles  affected,  but  there  was 
also  paralysis  of  the  sujunator  longus  and  of  the  extensors  of  the  wiists 
and  fingers : the  muscles  of  the  pelvis,  legs,  and  feet  also  became  weak. 
It  was  a mild  form  of  an  acute  multiple  paralysis,  accompanied  by  severe 
pain  and  rapid  atrophy ; it  resembled  the  widely  distributed  paralysis 
met  with  in  polyneuritis,  both  as  regards  pain  in  the  muscles,  the 
distribution  of  the  paralysis,  and  the  rapidity  of  its  development : the 
knee-jerks,  however,  were  exaggerated.  In  fatal  cases  the  paralysis 
invades  the  muscles  of  respiration — for  examj^le,  the  intercostals,  the 
diaphragm,  and  the  muscles  of  the  larynx.  The  muscles  concerned  in 
deglutition,  too,  become  affected ; so  that  the  patient  lies  in  bed  in  the 
dorsal  decubitus,  perfectly  helpless  and  unable  to  eat.  Before  the  legs 
become  paralysed  the  muscles  are  usually  tender  and  the  knee-jerks 
exaggerated.  In  one  of  my  chronic  cases  the  symptoms  closel}' 
resembled  those  of  bulbar  paralysis : the  tongue  gradually  became 
smaller,  and  speech  and  swallowing  difficult ; but  there  was  never  the 
dribbling  of  saliva  met  with  in  the  classic  medullary  lesion. 

In  the  early  stages  the  skin  is  frecprently  sensitive  to  the  prick 
of  a pin ; but  later  it  may  become  analgesic  or  antesthetic,  always 
bleeding,  however,  when  pricked — a circumstance  that  removes  it  from 
the  category  of  hysteria.  According  to  Guinon  the  anaesthesia  may 
be  confined  to  those  parts  that  have  been  Ijrought  into  direct  contact 
with  lead  ; or  it  may  be  widely  distributed,  amounting  to  hemianesthesia. 
Frequently  there  is  tremor  of  the  affected  muscles,  also  of  the  naso- 
labial muscles  and  of  the  tongue.  In  one  case  Dr.  Buzzard  found  the 
third  nerve  affected,  causing  ptosis,  with  abolition  of  movements  of 
the  superior,  inferior,  and  internal  recti  muscles ; the  pupil  was  dilated 
and  did  not  react  to  light.  The  external  rectus  alone  may  be  paralysed. 
Oculo-motor  paralysi.s,  when  present,  is  usually  bilateral ; the  abducens, 
like  the  extensor  muscles  generally,  is  most  apt  to  be  affected.  Diplojua 
was  observed  in  some  of  my  own  cases  without  any  a])parent  muscular 
defect ; nystagmus  al.so.  The  mmsculature  of  the  bladder  may  become 
affected,  causing  incontinence. 

One  of  the  gravest  effects  of  lead  upon  the  nervous  system  is 
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neuro-retinitis.  This  may  set  in  rapidly  without  any  concurrent  kidney 
disease.  It  is  often  associated  with  headache  and  epileptiform  seizures. 
Vision  may  be  very  slightly  obscured,  or  it  may  be  lost  temporarily  or 
permanently.  Attacks  of  transient  blindness  occur  in  the  absence  of 
neuro-retinitis,  and  seem  to  be  central  in  their  causation,  and  probably 
toxic.  Temporary  loss  of  vision'  occasionally  occurs  during  lead  colic ; 
it  may  be  the  result  of  the  accompanying  high  arterial  blood-pressure,  or 
of  toxccmia  ; there  may  be  no  albumin  in  the  iirine.  It  may  come  on  with- 
out headache,  and  be  independent  of  neuro-retinitis.  Mr.  Simeon  Snell 
found  primary  optic  atrophy  due  to  lead  in  a file-cutter.  Occasionally 
hemianopsia  occurs  ; it  is  usually  transitory.  In  the  acute  cerebral  form 
of  plumbism  the  borders  of  the  disc  are  swollen,  ill-defined,  and  irregular  ; 
the  disc  itself  is  hyperiemic  and  mottled ; the  vessels  are  obscured,  or,  if 
observable,  they  are  narrowed,  and  have  delicate  white  lines  running  along 
their  border ; the  veins  are  distended,  and  occasionally  haemorrhages  are 
seen  just  at  the  border  of  the  disc  or  in  the  retina.  This  form  of  neuro- 
retinitis is  generally  associated  with  eclamptic  seizures,  and  is  usually 
followed  by  optic  atrophy.  It  is  a sign  of  acute  plumbism  rather  than 
of  the  chronic  forms  of  the  disease.  It  may  occur  in  young  women  who 
have  only  worked  for  a few  'weeks  or  months  in  a lead  factory.  Whether 
\dsion  be  regained,  or  permanently  lost,  albumin  may  never  be  present  in 
the  urine.  The  malady  differs,  therefore,  from  the  neuro-retinitis  met 
with  in  chronic  kidney  disease.  De  Schweinitz  and  others  are  of  the 
same  opinion.  Since  the  abolition  of  female  labour  in  lead  works  a few 
years  ago  encephalopathy  and  permanent  blindness  are  not  so  frequently 
observed  as  formerly. 

Instead  of  regarding  optic  neuritis  as  in  any  way  specially  related  to 
and  caused  by  saturnine  poisoning,  it  has  been  attributed  to  deranged 
menstruation ; to  urajmia ; or  to  lead  acting  mechanically,  and  inducing 
rapid  effusion  into  the  ventricles  and  subarachnoid  spaces,  the  sheath  of 
the  optic  nerve  becoming  thereby  distended.  Amenorrhoea  can  play  but 
a minor  part  in  its  causation,  for  the  optic  neuritis  occurs  also  in  cases 
attended  with  menorrhagia.  It  may  be  a descending  neuritis,  or  be  due 
to  distension  of  the  sheath  of  the  nerve.  It  is  invariably  met  with  in 
acute  lead  encephalopathy  when  there  are  signs  of  increased  intracranial 
pressure,  the  convolutions  of  the  brain  being  found  flattened  post-mortem. 
Lead  itself  may  not  be  without  some  direct  malign  influence  upon  the 
disc  and  retina.  Leuber  and  Deutschmann  have  suggested  that  optic 
neuritis  may  be  caused  by  irritating  or  infective  particles  carried  by  the 
subarachnoid  fluid  from  the  cavities  of  the  brain  to  the  sheath  of  the 
optic  nerves.  Many  such  adverse  circumstances  may  concur  to  produce 
it,  but  the  two  most  important  are  the  direct  or  indirect  action  of  lead 
salts  upon  the  disc  and  retina,  and  the  effect  of  increased  intracranial 
pressure  ; for  in  fatal  cases  the  brain  is  frequently  found  dry  and  firm, 
extremely  p<ale,  and  the  arteries  contracted.  The  movements  of  the  iris 
vary  with  the  condition  of  the  optic  nerve  and  retina.  When  there  is 
neuro-retinitis  the  pupil  is  dilated. 
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I’arelle  draws  attention  to  a very  interesting  sequel  of  lead  poisoning. 
In  fifteen  cases  of  plnmbism  Tanqnerel  noticed  embarrassment  of  speech, 
but  he  did  not  correlate  it  with  general  paralysis : it  was  left  for 
Pelasiuve  to  demonstrate  this.  The  affection  apparently  occurs  Avith 
considerable  frequency  in  France,  and  although  it  is  met  Avith  principally 
amongst  Avhite-lead  Avorkers  other  persons  do  not  escape.  Contrary  to 
Avhat  takes  place  in  alcoholic  pseudo-general  paralysis,  the  influence  of 
heredity  is  not  observed  in  saturnine  cases;  nor  is  the  affection  met 
Avith  in  Avomen.  Forty  to  fifty  years  of  age  appears  to  be  the  most 
susceptible  ])eriod.  Saturnine  pseudo-general  paralysis,  though  aggravated 
by  alcoholic  habits,  occurs  in  those  Avho  are  temperate,  and  must  therefore 
be  regarded  as  the  result  of  lead  toxiemia.  It  differs  from  ordinary 
general  piiralysis  in  its  sudden  onset.  Violent  delirium  is  frequently  its 
firat  symptom;  or  there  may  be  an  epileptiform  seizure,  nightmare,  or 
hallucinations.  These  latter,  Avhilst  pretty  constant  in  saturnine  general 
piiralysis,  are  A'ery  rare  in  the  ordinary  form.  In  other  Avords,  in  addition 
to  the  usual  encephalopathic  symptoms  due  to  lead,  there  are  nightmare, 
hallucinations  of  sight,  imaginary  terrors,  and  confused  ideas  of  being 
pursued  or  of  being  poisoned,  just  as  in  delirium  tremens.  Occasionall}'^ 
the  approach  of  the  disease  is  less  characteristic,  and  is  slowly  pro- 
gi-essive.  The  patients  steal  like  ordinary  general  paralytics,  and  they 
have  grand  ideas.  The  later  featm-es  are  muscular  Aveakness,  embarrass- 
ment of  speech,  Aveakness  of  the  intellectual  faculties  and  of  the  memory. 
The  patients  sleep  badly,  and  become  excited  toAvards  evening.  FoIIoav- 
ing  upon  this  comes  a stage  of  physical  Aveakness,  AA'hen  the  patients 
cannot  stand — they  are  obliged  to  rest ; some  are  completely  paraplegic, 
others  hemiplegic  and  covered  Avith  sores.  Trembling  of  lips  and 
tongue,  and  sometimes,  too,  of  the  arms  and  legs,  are  very  pronoimced. 
Speech  is  generally  most  embarrassed  at  the  beginning,  and,  if  any- 
thing, it  is  apt  to  be  more  pronounced  in  saturnine  than  in  ordinary 
general  paraly^sis.  The  loss  of  memory  is  complete ; and  the  general 
heVjetude  of  the  intellectual  faculties  is  so  noticeable  that  the  patient,  even 
in  the  early  period,  resembles  a general  paralytic  in  the  last  stage  of  his 
illness.  One  point  of  difference  between  saturnine  general  paralysis  and 
the  ordinary  form  is  the  tendency  to  amelioration  in  the  former.  Even  after 
the  third  stage  has  been  reached,  and  there  have  been  epileptiform  seizures, 
ideation  may  return,  the  paralysis  diminish,  the  poAver  of  Avalking  improA’e, 
speech  become  more  distinct,  and  the  patient  become  more  intelligible. 
Concurrently  Avith  this  improvement,  hoAvever,  he  becomes  extremely 
irritable  on  provocation. 

Ejirly  withdraAval  of  the  patient  from  the  influence  of  lead  may  be 
followed  by  convalescence  in  from  si.x  to  tAveh'c  months.  The  disease 
tends  to  cure  itself ; but  in  some  cases,  and  Avithout  any  explanation,  there 
is  a dowmvard  course,  the  fatal  teimination  being  precipitated  by  an 
apoplectiform  or  epileptiform  attack.  If  a j)atient  jioisoncd  by  lead 
subsequently  falls  into  general  paralysis  it  does  not  folloAV  that  it  is 
saturnine  ; but  Avhen  in  a general  paralytic  Ave  have  a history  of  iihunbisni. 
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this  is  a point  in  favour  of  the  case  being  one  of  pseudo -general 
paralysis.  The  mode  of  onset  of  the  two  diseases  is,  indeed,  slightly 
different.  A brusque  inception  suggests  pseudo-general  paralysis.  Epi- 
leptiform seizures  l^elong  rather  to  the  early  stage  of  this  disease.  There 
is  not  the  permanent  inequality  of  the  pupils,  and  the  trembling  is 
more  widely  distributed  in  pseudo-general  paralysis  than  in  the  ordinary 
form.  Besides  being  more  generalised  the  tremor  is  also  more  intermittent, 
more  pronounced,  more  spasmodic ; and  it  appears  first  of  all  in  the  hands. 
The  embarrassment  of  speech,  too,  is  greater,  particularly  in  the  early  stage. 
Disturbances  of  sensation,  which  are  rare  in  true  general  jiaralysis,  are 
frequently  noticed  ; and  usually  consist  in  anaesthesia,  especially  in  loss  of 
the  sensation  of  pain.  In  ordinary  general  paralysis  the  disease  is  slowly 
developed,  is  progressive,  and  tends  to  death ; in  that  of  plumbism,  on 
the  contrary,  the  progress  is  quick,  and  even  after  serious  and  ominous 
symptoms  have  appeared,  these  may  improve  and  health  be  slowly 
regained.  Only  a few  cases  have  ended  fatally,  and  in  these  the  post- 
mortem appearances  were  those  of  ordinary  general  paralysis ; on  chemical 
analysis,  however,  lead  was  found  in  the  brain. 

In  another  group  of  cases  symptoms  of  muscular  inco-ordination  ma}' 
suggest  a fseudo-tahesi  due  to  lead  poisoning.  Putnam  has  met  with  three 
cases,  Teissier  and  Raymond  each  ■with  one.  I have  also  seen  a similar 
case.  In  such  patients  there  is  inability  to  co-ordinate  movements 
accurately,  probably  from  loss  of  the  muscular  sense ; in  other  cases 
there  is  no  true  inco-ordination,  but  a disordered  movement  dne  to  loss  of 
power  in  certain  groups  of  muscles,  the  gait  being  high-stepping,  conse- 
quent upon  paralysis  or  Aveakness  of  the  extensors  of  the  foot.  In 
Raymond’s  case  the  symptoms  appeared  in  a male  after  being  exposed 
for  only  two  months  to  lead  dust ; and  in  him  the  inco-ordination  in  the 
legs  set  in  whilst  that  of  the  arms  was  disappearing.  All  of  Putnam’s 
cases  were  in  women,  aged  respectively  15,  27,  and  45  years;  the 
muscular  inco-ordination  Avas  aggravated  by  closure  of  the  eyes.  It  was 
followed  by  atrophy  of  the  muscles,  impairment  of  vision,  diplopia,  girdle 
sensation,  loss  of  the  muscular  sense,  exaggerated  knee-jerks,  incontinence 
of  urine,  and  the  presence  of  lead  therein.  The  point  specially  note- 
Avorthy  in  these  cases  of  pseudo-tabes,  as  in  saturnine  pseudo-general 
paralysis,  is  the  rapid  improvement  under  treatment ; so  much  so  as  to 
suggest  a functional  and  not  an  organic  disease.  Most  of  the  symptoms 
have  been  explained  by  a supposed  peripheral  lesion ; but  in  a Ciise 
reported  by  Morris  of  CharlestoAvn,  in  Avhich  there  Avere  the  symptoms 
of  saturnine  pseudo-tabes  Avith  exaggerated  knee-jerks,  there  aa^us  de- 
generation of  the  posterior  and  lateral  columns  of  the  spinal  cord.  It 
is  cases  such  as  these  and  pseudo -general  paralysis  that  oblige  us  at 
this  point  to  remark  that  in  many  cases  of  saturnine  peripheral  neuritis 
the  lesion  is  not  entirely  peripheral  but  central,  or  a combination  of  both. 
The  changes  in  the  nerve-centres  may  be  so  slight,  or  so  purely  dynamic, 
that  toxic  conditions  of  blood,  by  deranging  the  nutrition  of  ganglion- 
cells  in  the  spinal  cord,  Avould  indirectly  affect  the  peripheral  nerves  far 
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removed  from  these  cells.  Owing  to  its  distance  from  these  trophic 
central  cells  the  peripheral  portion  of  the  nervous  .system  is  necessarily 
the  more  vulnerable.  Nutritional  changes  atlbcting  the  ganglion-cells  in 
the  cord  influence  the  peripheral  terminations  of  the  iierves  \ and  changes 
affecting  the  periphery  are  known  to  influence  the  central  cells.  It  is 
true  that  anatomical  changes  are  conversely  indicated  in  the  peripheral 
nerves,  but  they  are  detected  rather  by  the  greater  readiness  with 
which  they  respond  to  microscopical  staining  reagents.  Dynamic  con- 
ditions may  affect  central  cells  in  such  a manner  that  we  cannot 
demonstrate  them — a statement  not  only  applicable  to  the  spinal  cord, 
but  to  the  brain  in  lead  encephalopathy.  In  MinakoAv’s,  Oeller’s,  and 
Drummond’s  cases  pathological  changes  were  found  in  the  anterior  cornua 
of  the  spinal  cord.  Before  ansAvering  the  question  whether  in  lead 
paralysis  the  lesion  is  peripheral  or  central,  let  us  accumulate  facts  bear- 
ing upon  this  subject  from  the  experimental  as  Avell  as  the  clinical  side. 

In  feeding  animals  Avith  lead  salts  effects  are  produced  Avith  varying 
rapidity.  On  absorption  of  the  lead  there  occur  loss  of  appetite,  a 
peculiar  nei'A'ousness,  constipation  or  diarrhoea  with  dark  stools,  albumin- 
uria, and  rapid  emaciation ; death  generally  ensues  Avhen  one-third  of 
the  body-AA'eight  has  been  lost.  Many  female  rabbits  thus  treated  died, 
and  on  chemical  examination  Ave  found  lead  in  the  foetuses.  The 
tendency  for  animals  to  become  pregnant  is  diminished,  and  in  my  oavu 
cases  the  male  rabbits  seemed  to  lose  all  sexual  desire.  Most  of  the 
animals  were  paralysed  first  in  the  hind  legs,  so  that  in  Avalking  they 
dragged  the  limbs,  or  they  progressed  with  a peculiar  skipping  movement : 
subsequently  the  fore  limbs  became  paralysed  and  the  animals  died  in  con- 
Atilsions.  At  the  post-mortem  examination  the  lungs  and  kidneys  were 
found  congested,  but  the  peculiar  feature  of  all  cases  of  acute  lead  poison- 
ing— in  human  beings  as  Avell  as  the  lower  animals — is  the  extreme 
rapidity  of  decomposition,  and  the  very  strong  odour  that  is  generated 
thereby.  A feAv  hours  after  death  the.  corpse  is  already  putrid.  The 
readiness  AArith  which  paralysis  is  produced  in  the  hind  limbs  of  animals 
gives  us  the  opportunity  of  studying  the  effects  of  lead  upon  the  various 
organs  and  peripheral  nerA^es.  Dejerine  maintains  that  there  is  a com- 
bined lesion  of  the  anterior  roots  and  their  coimual  cells,  A\dth  peripheral 
neuritis ; Avhilst  Gombault  and  Charcot  attributed  the  disordered  motion 
and  sensation  to  a special  form  of  peripheral  neuritis ; the  neuritis  being 
segmentary  and  peiiaxial,  and  therefore  distinct  fi’om  the  M’allerian  fonn 
of  degeneration  consequent  upon  section  of  the  nerve.  In  periaxial 
neuritis  the  axis-cylinder  e.scapes  ; the  alteration  is  confined  to  several  of 
the  annular  segments  of  Kanvier,  Avhilst  .above  .and  beloAv  these  the  nerve- 
filtre  is  normal.  The  lesion  differs,  therefore,  from  that  mot  Avith  in 
Wallerian  degeneration,  in  Avhich  Avhen  the  fibre  is  altered  in  its  course 
the  change  extenrls  to  its  remotest  j)art.  Since  tlie  integrity  of  the 
a.xis  - cylinder  is  m.aintfiined  the  morbid  state  may  bo  remo(lial)le ; 
sometirne.s,  however,  even  in  periaxial  ncuntis,  the  axis-cylinder  undergoes 
fragmentation,  and  then  there  occurs  a peculiar  modification  of  A\  allcrian 
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degeneration,  which  still  may  be  followed  by  a regeneration  of  the 
nerve  throughout  its  entirety.  Gombault’s  views  have  been  combated 
by  Pitres,  who  does  not  believe  in  the  integrity  of  the  axis-cylinder  in 
periaxial  neuritis.  These  segmentary  neuritides  are  found  in  a large 
number  of  infective  and  toxic  diseases.  The  frequency  with  wliich 
Brissaud  found  them  in  tuberculous  and  cancerous  patients,  in  old  people, 
and  in  peritonitis,  has  thrown  some  doubt  upon  the  interpretation  of 
them  in  lead  poisoning.  It  is  a question  whether  we  can  regard  them 
as  true  neuritis,  or  simply  as  a myelino-neuritis  such  as  is  met  with  in 
disseminated  sclerosis.  It  is  equally  true  that  saturnine  periaxial  neuritis 
occurs,  and  that  the  nerves  undei’go  regeneration ; this  explains  the  rapid 
and  spontaneous  cure  of  the  paralysis  which  takes  place  within  two  or 
throe  weeks  on  cutting  off  the  supply  of  the  poison,  and  the  faet,  too, 
that  the  paralysis  may  be  very  slight. 

Most  neurologists  insist  that  the  lesion  in  lead  poisoning  is  perijiheral ; 
and  in  chronic  cases  of  wrist-drop  the  peripheral  nerves  are  certainly 
the  seat  of  well-marked  interstitial  neuritis ; but  are  the  anterior  horns 
of  grey  matter  in  the  spinal  cord  quite  healthy  ? Dejerine  found  changes 
in  the  anterior  roots  corresponding  to  those  in  the  altered  peripheral 
nerves,  and  so  did  Vulpian.  We  must  remember  that  in  acute  lead 
poisoning  in  man  and  animals,  when  the  onset  of  paralysis  has  been  rapid, 
the  most  careful  microscopical  examination  may  fail  to  detect  pathological 
changes  in  the  nerves.  There  is  another  possible  interpretation  of  the 
relation  of  spinal  cord  and  porqDheral  nerve  changes.  Drs.  Laslett  and 
Warrington  have  published  in  detail  the  pathological  changes  found 
in  the  nerves  and  muscles  of  a house  painter  who  had  “ wrist-drop  ” and 
atrophied  muscles.  On  microscopical  examination  the  posterior  inter- 
osseous and  ulnar  nerves  were  atrophied,  and  also  the  anterior  roots  of 
the  sixth,  seventh,  and  eighth  spinal  nerves,  while  the  corresponding 
posterior  roots  were  normal.  Of  the  extensor  muscles  of  the  hand  90 
per  cent  of  the  fibres  were  atrophied,  but  still  retained  their  cross  stria- 
tion.  There  was  very  little  evidence  of  fatt}'^  degeneration,  but  the 
connective  tissue  was  increased.  The  muscle -spin dies  were  nnaltered. 
The  anterior  cornual  cells  in  the  sixth  and  seventh  .segments  of  the  spinal 
cord  were  found  to  be  changed.  The  nucleus  was  situated  eccentrically, 
and  the  Nissl  bodies  were  dispersed  over  the  body  of  the  cell,  with 
marked  evidences  of  chromatolysis.  On  an  average  1 in  every  4 cells 
had  become  altered.  While  admitting  that  lead  primarily  acts  upon  the 
central  nervous  system,  Drs.  Laslett  and  Warrington  are  of  the  opinion 
that  in  their  patient,  owing  to  the  excess  of  change  in  the  peripheral 
nerves,  the  spinal  cord  lesion  was  secondary  to  the  peripheral  neuritis, 
an  opinion  which  the  eccentric  position  of  the  nucleus,  they  maintain, 
confirms.  On  this  view  the  anterior  cornual  changes  would  not  be  the 
result  of  the  action  of  lead  upon  the  spinal  cord,  but  would  be  conseipient 
upon  the  altered  state  of  their  functional  activity,  the  result  of  atropln''  of 
the  axons  of  the  cells,  or,  in  other  words,  secondary  to  a lesion  of  the  axis- 
cylinder  of  the  nerves — the  “ reaction  a distance  ” of  Marinesco.  The 
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incidence  of  paralysis  principally  on  the  muscles  most  used  and  therefore 
most  liable  to  fatigue  is  in  favour  of  a central  cell  origin. 

As  to  the  electrical  condition  of  j)aralysed  muscles,  it  is  sufficient 
here  to  state  that  in  lead  palsy  there  is  marked  loss  of  faradic 
excitability  ; ■whilst  there  may  be  normal  or  exaggerated  response  to 
galvanism  if  the  paralysis  l)e  not  of  long  standing.  Occasionally  in 
plumbic  piiralysis  a small  indolent  swelling  on  the  back  of  the  M'rist  is 
noticed ; it  was  first  described  by  GublcT',  and  it  conveys  the  impression 
of  thickening  of  the  extensor  tendons. 

Considering  its  prevalence  plumbism  is  not  a frequent  cause  of 
insanili/;  nor  does  mental  derangement  occur  without  some  premonition. 
Now  and  ag:tin  a case  is  met  with  presenting  symptoms  akin  to  hysteria 
or  alcoholic  intoxication,  Avhich  ai’e  followed  by  convulsions,  coma,  and 
death ; but  in  others  symptoms  of  melancholia  advance  slowly,  or  there 
is  acute  delirium  accompanied  by  hallucinations,  with  or  without  affection 
of  speech,  which  is  apt  to  be  remittent,  and  to  recur  at  night.  Occasion- 
ally the  delirium  like  that  of  acute  mania  develops  suddenly,  the  onlj? 
complaint  having  been  headache.  It  is  of  a noisy  character,  and  so  violent 
is  the  patient  that  it  may  be  necessary  to  restrain  him.  In  the  intervals 
consciousness  may  be  regained.  The  patient  may  be  blind,  the  urine 
quite  free  from  albumin,  and  the  temperature  rather  below  than  above 
the  nonnal.  As  the  paroxysms  keep  recurring  with  increasing  severity, 
the  medicinal  means  adopted  to  restore  quietude  and  induce  sleep — for 
example,  bromides,  morphine,  chloral,  or  hyoscine — unfortunately  tend 
only  to  precipitate  the  sufferer  into  deep  coma,  from  which  he  never 
rallies  ; death  being  preceded  by  a rapid  rise  of  the  temperature.  Cases 
of  monomania  have  been  recorded.  When  mental  symptoms  arise  in 
plumbism,  setting  aside  acute  encephalopathy,  they  have  usually  been 
part  of  a series  resembling  general  paralysis,  such  as  we  have  described. 

In  deaths  from  plumbism  lead  is  generally  found  in  the  internal  organs. 
In  my  o%vn  patients  Prof.  Bedson  found,  the  largest  quantity  of  lead  in 
the  liver,  and  next  to  it  in  the  nervous  system.  Gusserow  found  most 
in  the  muscles.  It  is  found  in  the  bones,  in  the  kidneys,  in  the 
testicle.s,  in  the  foetuses  of  lead-poisoned  animals,  and  in  ovarian  tumoiu’s. 
Prof.  Bedson  examined  the  milk  of  a nursing  white-lead  worker  under 
my  care,  but  failed  to  find  lead  in  it.  Dr.  Honeybimne  has  shewn  that 
in  plumbrsm  an  increased  amount  of  iron  is  deposited  in  the  liver,  an 
interesting  observation  in  connexion  with  the  ana3mia  of  saturnine 
poisoning. 

What  is  the  relation  of  saturnine  poisoning  to  abortion  1 Does  lead 
actiially  pa.ss  through  the  placenta?  That  it  does  so  seems  proved  by 
its  presence  in  the  foetus.  Porak  has  experimentally  demonstrated 
the  pas.sage  of  arsenic,  cop[)cr,  lead,  mercury,  and  phosphorus  through 
the  placenta.  In  antop.sies  on  cases  of  poisoning  the  possibility  of 
such  pousons  having  traversed  the  jfiacenbi  shonld  be  borne  in  mind. 
Porak  found  that  lead  is  very  poisonous  to  g>iinea-pigs,  but  that  abortion 
in  them  is  less  frcfjuent  than  in  other  animals ; although  death  of  the 
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fuitus  is  very  apt  to  occur.  It  happened  thrice  out  of  six  experiments. 
In  other  animals  still-birth  was  a constant  feature,  and  after  death  there 
were  found  dropsy  of  the  ventricles  of  the  brain  with  thickening  and  slaty 
discoloration  of  the  ependyma  of  the  third,  fourth,  and  lateral  ventricles. 
This  cerebral  lesion  and  the  presence  of  lead  in  the  central  nervous 
system  explain  the  paralytic  phenomena  observed  in  foetuses  at  the  time 
of  their  birth,  and  the  convulsions  and  early  death  of  the  children  of  lead- 
workers.  Rennert  has  clinically  confirmed  Porak’s  observations.  He 
found  the  children  of  potters  suffering  from  plumbism  to  be  hydro- 
cephalic, and  that  they  died  within  a few  days  after  birth  from  convul- 
sions. This  is  my  own  experience.  Lead  passes  readily  through  the 
placenta,  and  diffuses  itself  through  the  foetus,  being  found  in  the  liver, 
in  the  nervous  .system,  and  in  the  skin.  It  is  eliminated  slowly  by  the 
foetus.  We  found  OT  milligramme  in  the  liquor  amnii,  and  in  five  foetuses 
there  was  0‘09  milligramme  of  lead  in  each.  The  blood  also  contained  a 
trace.  The  placenta  has  apparently  little  power  in  fixing  lead,  as  is  seen 
from  the  following.  Ballard,  quoted  by  Treille,  gives  the  details  of 
100  pregnancies  in  which  one  or  both  parents  were  the  subjects  of  saturnine 
poisoning.  Abortion  occurred  in  40  instances.  There  were  26  i)remature 
confinements  and  32  accouchements  at  normal  term.  Of  these  32  births 
60  per  cent  were  still-born,  26  of  the  children  died  within  the  first  year, 
so  that  at  the  end  of  twelve  months  less  than  20  per  cent  of  the  children 
were  alive.  Constantin  Paul  gives  as  the  result  of  his  enquiries  of  141 
pi’egnancies,  82  abortions,  5 still-births,  and  4 premature  confinements, 
while  of  the  50  children  born  alive  20  died  during  the  first  year  and  15 
before  the  third.  The  accidents  observed  in  saturnine  intoxication  in  the 
newly-born  depend  apparently  upon  accumulation  of  the  poison  in  the 
central  nervous  .system ; fii’st,  because  there  is  dropsy,  with  thickening  of 
the  ependyma,  of  the  ventricles  of  the  brain  ; and,  secondly,  because  when 
l)orn  alive  the  foetuses  soon  die,  paralytic,  probably  from  fixation  of  the 
poison  in  the  brain.  It  has  been  stated  that  lead  is  only  eliminated  by 
the  kidneys  when  the  urine  is  albuminous.  This  is  incorrect : we 
frequently  found  traces  of  lead  in  the  non-albuminous  urines  of  female 
patients.  In  the  bile  fairly  large  quantities  of  lead  may  be  found. 
Saliva  also  may  contain  it  and  we  found  it  in  sweat,  but  not  in  the  mammary 
secretion.  Dr.  Dixon  Mann  has  not  only  demonstrated  that  by  far  the 
largest  quantity  of  lead  leaves  the  system  by  the  stools,  but  that  in  certain 
cases  its  presence  can  be  demonstrated  in  the  faeces  when  the  urine  does 
not  contain  a trace  of  the  metal. 

It  is  said  that  iodide  of  potassium  favours  the  elimination  of  lead 
from  the  system,  but  the  increase  is  hardl}'^  perceptible.  In  plumbism 
there  is  defective  elimination  both  of  urea  and  of  uric  acid.  Retention  of 
ui’ic  acid  in  the  system  is  regarded  as  the  cause  of  gout  in  plumbism, 
owing  to  lead  diminishing  the  alkalinity  of  the  blood,  lessening  the 
solubility  of  uric  acid,  and  thereby  hindering  its  excretion  b}'^  the  urine. 
Sir  Wm.  Roberts  doubted  the  direct  determination  of  gout  l\y  lead,  and 
believed  that  both  the  gouty  diathesis  and  lead  poisoning  have  the  same 
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tendency  to  precipitate  crystalline  urates  in  the  dssiies  or  fluids  of  the 
body.  This  saturnine  uratosis,  he  niaintained,  is  simply  reinforced  l)y  a 
previously  existing  gouty  tendency.  In  the  North  of  England  we  seldom 
meet  with  gout  and  plumbism,  and  in  the  few  cases  in  which  I have 
observed  it  there  has  been  a strong  hereditary  disposition  to  gout.  In 
several  cases  the  elimination  of  lead  by  the  kidneys  seemed  to  be  inversely 
proportional  to  that  of  uric  acid.  That  lead  does  favour  the  retention  of 
uric  acid  in  the  system  is  probable ; and  from  the  readiness  with  which 
gouty  seizures  in  the  London  hospitals  have  followed  the  administration 
of  small  doses  of  plumbic  acetate,  gout  and  plumbism  seem  at  first  sight 
to  be  causally  related  to  each  other.  It  is  difficult  to  explain  why  the 
association  of  plumbism  and  gout  should  be  so  frequently  observed  in 
London  and  so  seldom  in  Newcastle  and  Edinburgh.  It  is  probable 
that  the  explanation  is  to  be  found  in  the  difference  in  the  food, 
external  circumstances,  and  hygienic  precautions,  and  in  the  habits  of 
the  people  as  regards  the  use  of  stimulants,  beer  disposing  to  ui'atosis 
more  than  whisky.  The  fact  remains  that  in  those  districts  where  gout 
is  infrequent  the  disease  is  not  promoted  by  chronic  lead  poisoning ; but 
where  gout  prevails  even  small  doses  of  lead  seem  sufficient  to  produce 
gouty  symptoms. 

Diuing  lead  colic  the  urine  and  urea  are  diminished ; but  the 
crisis  once  over,  they  gradually  rise  to  near  the  normal.  Vomiting, 
diarrhoea  induced  by  aperients,  and  the  absence  of  food,  doubtless  favour 
this  deficiency.  The  total  nitrogen  eliminated  was  found  by  Surmont 
and  Brunelle  to  be  diminished  during  colic.  In  my  own  cases  the  urea 
was  only  a half  or  a third  of  the  normal.  Potain  states  that  the  liver  is 
diminished  in  size  during  colic ; but  this  is  doubtful,  as  at  this  particular 
time,  owing  to  the  retraction  of  the  abdomen,  the  liver  ascends  under  the 
costal  arch,  becomes  less  oblique,  and  diminished  in  its  vertical  diameter. 
Hepatic  function  is  deranged,  for  pathological  ui'obilin  may  be  found  in 
the  urine.  The  glycogenic  function  is  particularly  disturbed  during  colic, 
as  the  administration  of  syrup  is  said  to  be  followed  by  glycosuria ; but 
in  my  own  experiments  upon  rabbits  the  liver  always  contained  glycogen. 

As  regards  the  elimination  of  uric  acid  in  plumbism  there  is  consider- 
able difference  of  opinion.  Sir  A.  Garrod  maintains  that  it  is  diminished 
during  the  attack.  Surmont  and  Brunelle  found  it  diminished  in  four 
out  of  eleven  cases,  and  increased  after  colic;  the  diminution  or  increase  of 
the  uric  acid  was  in  no  way  proportional  to  the  severity  of  the  colic,  and 
old  saturnine  pjitients  were  apt  to  pass  it  in  excess.  In  my  own  clinical 
experience  the  amount  of  uric  acid  has  varied  ; it  has  sometimes  risen 
as  high  as  12,  16,  and  21  grains  per  diem;  the  normal  being  7 to  lb 
grain.s,  whilst  the  lowest  was  2 grains.  In  the  latter  case  the  urea  also  was 
frequently  much  below  the  normal ; and  it  is  interesting  that  on  the  days 
the  patient  pa.s.sed  the  largest  quantities  of  urea  .she  was  free  from  head- 
ache. The  urine  generally  conUiined  a trace  of  lead.  The  elimination  of 
lead  and  of  uric  acid  may  be  inversely  relatcfl  to  each  other ; as  if  the 
presence  of  the  metal  in  the  blood  favoured  the  retention  of  uiic  acid  in 
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the  S3^stem.  Surmont  and  Brunelle  found  the  amount  of  creatin  and 
hippunu  acid  increased,  an  interesting  point,  seeing  that  the  total  nitrogen 
and  urea  are  diminished;  it  indicates  how  profoundlj’’  metabolism  is  affected 
in  saturnine  poisoning.  Goetzo  of  Wurzburg  maintains  that  in  the  arthritic 
attcicks  and  colic  uric  acid  keeps  below  the  normal,  and  remains  low  for 
some  time  after  the  attack.  During  chronic  plumbism  it  fluctuates  within 
the  limits  of  the  normal.  He  also  found  that  in  the  acute  attacks 
chlorides  were  diminished  and  increased  subsequently.  Of  the  elimina- 
tion of  phosphoric  acid  by  the  kidneys  not  much  is  known.  Taking 
30  to  50  grains  of  phosphoric  anhydride  as  the  daily  average  in  health, 
I found  that  it  varied  from  25  to  7 7 grains.  Goetze  found  it  always 
low  in  chronic  plumbism.  Some  writers  have  noticed  hsematopoiqohyrin 
in  the  urine  after  lead  colic. 

The  morbid  anatomy  of  acute  plumbism  is  practically  nil.  In  lead 
encephalopathy  the  brain  may  be  shrunken  and  diy ; it  may  ajipear  as  if 
it  had  been  compressed,  all  the  blood-vessels  being  constricted.  The 
brain  substance  may  be  pale  and  extremely  firm,  or  pale  and  cedematous 
as  in  unemia.  The  small  intestine  may  be  extremely  contracted  in  places. 
The  kitlueys  are  generally  stated  to  be  atrojjhic  and  the  seat  of  interstitial 
nephritis,  but  this  is  principally  found  in  the  chronic  cases.  In  acute 
lead  poisoning,  both  in  man  and  animals,  the  epithelium  of  the  convoluted 
tubules  is  the  seat  of  cloudy  swelling,  becoming  fatty,  granular,  and 
rapidly  breaking  down ; the  debris  may  be  seen  in  the  interior  of  the 
tubules.  The  change  in  the  kidneys  is  therefore  iJarenchymatous  at 
first,  and  is  frequently  accompanied  by  some  degree  of  glomerular 
nephritis ; for  the  afferent  vessel  to  the  glomerulus  maj-  be  seen 
surrounded  by  numerous  round  cells.  Bowman’s  capsule  is  thickened, 
and  there  is  a multiplication  of  the  cells  that  line  its  interior  or  of  those 
that  lie  between  the  coils  of  the  capillaries.  From  the  external  surface 
of  the  glomerulus  round  cells  may  be  observed  penetrating  between  the 
convoluted  tubules,  causing  an  increase  of  the  connective  tissue  at  this 
])articular  part  of  the  kidney,  and  giving  rise  therefore  to  an  interstitial 
nephritis  secondary  to  the  parenclymatous.  While  insisting  that 
tubular  nephritis  is  the  primary  lesion  in  lead  kidne}^  I am  not  ignorant 
of  the  Anews  held  by  other  jrathologists  as  to  the  condition  of  the  inter- 
stitial tissue ; but  changes  therein  seem  rather  to  follorv  those  occurring 
in  the  tubular  epithelium.  Ollivier  mentions  parenchymatous  nephi-itis ; 
and  in  the  kidneys  of  airimals  expei’imentally  treated  by  Charcot  and 
Gombault  there  Avere  degenei’ated  epithelial  cells  in  the  tubuli  uriniferi, 
Avith  proliferation  of  small  round  cells  ai’ound  those  tubules  onl_y  in  Avhich 
the  epithelium  Avas  afl'ected.  Coen  and  d’Ajutolo  found  in  rabbits,  killed 
at  varying  periods  after  the  administi-ation  of  acetate  of  lead,  that  the 
epithelium  of  the  urinary  tubules  fii’st  became  SAvollen,  then  degenerated 
and  shed  ; and  that  in  the  more  chronic  cases  there  Avas  a glomerulitis 
folloAved  by  thickening  of  the  vessels  and  interstitial  nephritis.  Hirsch’s 
more  recent  experiments  upon  guinea-pigs,  detailed  in  his  Thesis 
for  the  Doctorate  in  Medicine  of  Leipzig  University,  rather  led 


METALLIC  AND  OTHER  POISONS 


io6i 


him  to  regard  the  epithelial  and  interstitial  changes  as  oecnrring 
simultaneously  ; but  as  he  states  that  epithelial  degeneration  is  constant 
in  all  lead  kidneys,  and  is  the  specific  lesion  caused  by  lead,  he,  too,  is 
clearly  of  opinion  that  it  is  one  of  the  earliest  and  principal  eflects  of 
lead. 

Lead  acts  very  injuriously  upon  the  eliminating  organs.  The  liver, 
like  the  kidneys,  is  the  seat  of  marked  changes.  It  is  in  this  organ  that 
the  largest  amount  of  lead  is  found  on  chemical  analysis , it  looks  fatty, 
and  microscopically  the  hepatic  cells  arc  atrophied  and  granular,  or  shew 
advanced  fatty  change.  In  some  crises  there  is  intercellular  cirrhosis ; 
in  others  a marked  increase  of  connective  tissue  between  the  lobules. 
Whatever  view  we  take  of  the  pathology  of  plumbism,  it  must  be 
admitted  that  lead  rapidly  deranges  metabolism.  It  destroys  the 
functional  acti^^t3’  of  the  liver  and  kidneys,  slowly  inducing  changes 
within  their  secreting  cells;  and  although  we  cannot  forget  that  certain 
symptoms  of  encephalopathy  depend  upon  the  presence  of  lead  in  the 
brain,  they  are  more  probably  caused  by  animal  poisons  retained 
within  the  system  during  inadequate  hepatic  and  renal  elimination,  a 
proof  of  which  auto-intoxication  is  that  in  some  of  my  cases  of  fatal 
saturnine  encephalopathy,  characterised  during  life  by  convidsions  and 
coma,  not  the  slightest  trace  of  lead  was  found  in  the  brain  after 
death.  This  opinion,  fully  expressed  in  my  Cloulstonian  Lectures 
(1891),  has  met  wnth  considerable  acceptance.  In  America  the  treatises 
of  Hughes  and  Carter,  and  of  Miller  and  Ring,  lend  the  weight  of 
their  authority  to  it. 

It  is  knouTi  that  the  elimination  of  metallic  poisons  from  the  body  is  pro- 
tracted over  a lengthened  period,  but  can  lead  be  deposited  in  an  inert  form 
in  the  tissues  for  years,  and  becoming  redissolved,  suddenly  overwhelm 
the  individual  and  produce  fresh  symptoms  of  lead  poisoning  ? Seventeen 
years  ago  a female  lead-worker,  then  aged  1 9,  was  under  my  care  in  the 
Newcastle  Infirmary  on  account  of  encephalopathy  and  convulsions  followed 
by  blindness.  A few  months  afterwards  sight  was  regained  and  the  patient 
left  the  ho.spital.  She  never  returned  to  the  lead  works,  nor  from  that 
date  until  her  readmission  into  the  Infirmary  seventeen  years  afterwards 
had  she  been  brought  into  contact  vath  lead  in  any  foim.  She  married, 
and  is  the  mother  of  six  children,  of  whom  five  survive.  She  has  had  three 
miscarriages.  The  most  careful  inquiiy  fails  to  elicit  a history  of  syphilis 
or  alcoholism.  Patient  was  readmitted  into  the  Infirmary  suftering  from 
headache,  double  internal  squint,  diplopia,  double  optic  neuritis,  and 
almost  complete  loss  of  vision.  Only  once  or  twice  had  she  vomited. 
Her  internal  organ.s,  generally  speaking,  were  healthy,  bnt  her  menses 
had  been  suppressed  for  nearly  a year.  There  was  no  albuminuria,  but 
Profe.s.sor  Bed.son  found  lead  in  the  urine.  Under  the  administration  of 
magnesium  sulphate  and  potassium  iodide  sight  was  for  a second  time 
restored  and  the  patient  made  a good  recovery.  Is  it  pos.sible  that  lead 
couhl  have  lain  inert  in  the  bofly  all  these  years,  and  becoming  re- 
di.s.solved,  be  the  cause  of  fresh  j)oi.soning  1 There  is  niucli  to  support  this 
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view,  for  the  relapse,  if  it  was  a relapse,  was  as  unexpected  and  cis 
fulminating  as  a primary  attack  of  lead  encephalopathy. 

Diagnosis. — In  the  stage  of  acute  colic  the  extreme  pain  in  the 
abdomen  might  be  mistaken  for  severe  intestin:il  cramp,  for  peritonitis, 
or  appendicitis,  but  there  is  usually  no  rise  of  temperature,  and  the 
abdomen  is  generally  retracted. ' No  distended  coils  of  intestine  are 
noticeable.  The  abdominal  pain,  though  sometimes  relieved,  is  as  a 
rule  increased  by  pressure,  when  it  is  observed  to  be  more  or  less 
unilateral,  and  associated  with  pain  along  the  course  of  the  vagus  in 
neck  on  the  same  side  j the  pulse  is  small.  The  history  of  the  case,  the 
presence  of  a blue  line  on  the  gums,  distinct  cachexia,  and  a peculiar 
restlessness  suggest  plumbism,  the  diagnosis  of  which  would  be  confirmed 
by  the  detection  of  lead  in  the  urine  on  chemical  examination.  This  may 
be  done  as  follows.  Evaporate  50  cubic  centimetres  or  2 ounces  of  urine 
to  dryness  ; ignite  the  residue,  extract  the  lead  from  this  by  dilute  hj-dro- 
chloric  acid.  Precipitate  the  lead  as  sulphide  by  means  of  sulphuretted 
hydrogen  or  ammonium  sulphide.  The  objections  to  this  procedure  are 
its  tediousness  and  the  necessity  for  the  preliminaiy  destruction  of  organic 
matter.  To  the  method  for  detecting  lead  in  urine  mentioned  by  von 
Jaksch  in  his  Klinische  Diagmstik,  which  Drs.  Abram  and  Marsclen  of 
Liverpool  found  both  accurate  and  simple,  these  objections  do  not  apply. 
A strip  of  magnesium  is  placed  in  the  fluid  to  be  examined.  Ammonium 
oxalate  in  the  proportion  of  1 gramme  to  150  c.c.  is  added.  If  lead  be 
present  it  is  deposited  on  the  magnesium.  Some  deposit  is  seen  within 
half  an  hour,  but  it  may  require  a longer  exposure.  The  .slip  is  then 
washed  with  distilled  water  and  dried.  In  order  to  confirm  the  test  (a) 
warm  the  slip  with  a crystal  of  iodine  upon  it ; yellow  iodide  proves  the 
e.xistence  of  lead — the  probability  of  its  being  cadmium  need  scarcely  be 
entertained ; {h)  dissolve  the  deposit  in  nitric  acid  and  ajiply  the  usual 
tests  for  lead.  In  making  use  of  this  method  care  must  be  taken  to  ha^'e 
the  surface  of  the  magnesium  bright  and  free  from  the  presence  of  any 
oxide.  This  is  an  extremely  delicate  test,  capable  of  detecting  1 part 
of  lead  in  50,000,  whether  the  metal  be  dissolved  in  water  or  contained 
in  an  organic  liquid  like  urine.  The  detection  of  lead  in  the  internal 
organs  and  bones  in  a cadaver  is  of  considerable  medico-legal  importance 
as  pointing  to  lead  poisoning,  for  the  organs  of  persons  who  have  died 
from  plumbism  generally  contain  traces  of  the  metal.  Normally  there  is 
no  lead  in  the  human  body,  but  the  same  cannot  be  said  of  arsenic  and 
some  of  the  other  metals. 

Bilateral  paralysis  suggests  a toxic  cause.  Usually  but  not  alwavs 
both  wrists  are  affected  in  lead  poisoning.  Affection  of  the  muscles  of 
the  upper  extremity,  particularly  the  extensors  of  the  wrists  and  fingers, 
rather  than  those  of  the  lower  limb,  is  suggestive  of  saturnine  as  against 
arsenical  and  alcoholic  paralysis.  Although  not  wholly  absent,  there  is, 
generally  speaking,  less  tenderness  on  grasping  the  muscles  in  lead  than 
in  either  alcoholic  or  arsenical  paralysis ; whilst,  if  an}bhing,  there  are 
more  rapid  atrophy  and  greater  sensory  disturbance  in  arsenical  than 
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ill  Siiturnino  poisoning.  At  ono  stngG  of  tlio  illness  lead  paralysis  may 
resemble  anterior  poliomyelitis  and  progressive  muscular  atrophy  ; but 
in  plumbism  the  paralysis  is  usually  limited  to  the  extensor  muscles, 
especially  those  of  the  wrists  and  lingers,  whereas  in  the  spinal  cord 
lesion  both  Hexors  and  extensors  are  involved.  Tremors  may  bo  present, 
but  they  are  distinguished  from  the  movements  observed  in  mercnrialism 
by  being  less  wide  in  their  range,  usually  ceasing  during  rest,  and  by 
being  less  apt  to  remit. 

In  Iciid  paralytics  there  is  usually  a history  of  colic.  The  loss  of 
power  primarily  affects  the  extensor  communis  digitorum,  and  later  the 
other  muscles  of  the  forearm  supplied  by  the  musculo-spiral  nerve  Avith  the 
exception  of  the  supinator  longus ; a peculiarity  which  distinguishes  it 
from  a local  lesion  of  that  nerve.  When  the  paralysis  is  Avell  marked, 
the  affected  muscles  fail  to  respond  to  induced  electrical  currents,  whilst 
to  a slowly  interrupted  galvanic  current  they  usually  respond  freely. 
Dr.  Buzzard  has  found  this  test  to  be  of  signal  service  in  the  absence  of 
other  physical  signs  or  a suggestive  history.  Like  myself  he,  too,  has  found 
the  supinator  longus  occasionally  affected  in  lead  poisoning ; so  that  the 
dictum  of  Duchenne  on  this  particular  point  must  admit  of  exceptions. 
It  was  Eemak’s  observation  that  the  cells  in  the  anterior  horns  of  the 
grey  matter  of  the  spinal  cord  represented  muscles  that  are  functionally 
associated ; hence  when  the  supinator  longus  Avas  affected  the  brachialis 
anticus  and  biceps  were  at  the  same  time  involved,  thus  forming  the 
“ forearm  type  ” of  lead  palsy.  Drs.  Ferrier  and  G.  Yeo,  by  irritating 
the  brachial  plexus  of  the  monkey,  have  experimentally  demonstrated 
that  each  motor  root  represents  rather  a distinct  functional  combination 
than  contiguity  in  peripheral  nerve  distribution  •,  and  that  the  moA'ement 
of  supination  is  subserved  by  roots  coming  from  a part  of  the  cerAUcal 
enlargement  higher  up  than  that  Avhich  brings  about  extension  of  the 
wrists.  Thus  physiologists  seek  to  explain  the  frequency  with  which 
the  supinator  longus  escapes  in  lead  poisoning,  whilst  other  muscles 
supplied  by  the  musculo-spiral  nerve  are  affected. 

Prognosis. — The  prognosis  is  favourable  in  the  stage  of  colic  and 
A'omiting.  Death  does  not  occur  in  uncomplicated  lead  colic.  When, 
however,  the  attacks  of  colic  are  reneAved  from  time  to  time,  and  recur 
over  a long  period  in  patients  whose  health  is  deteriorated,  and  in  whose 
urine  there  is  albumin,  the  illness  must  naturally  be  regarded  as  grave. 
Under  electrical  and  medicinal  treatment,  uncomplicated  saturnine  paralysis 
generally  disappears ; but  in  some  cases  the  recovery  is  extremely  sIoav 
and  at  the  best  is  incomplete,  for  Aveakness  of  the  Avrists  endures  a con- 
siderable time.  The  prognosis  of  acute  lead  encephalopathy  Avith  convul- 
sions is  extremely  grave.  Not  only  is  there  danger  of  the  patient  dying 
in  the  seizure  Avithout  regaining  consciousness,  but  should  the  .symptoms 
subside,  the  mental  condition  for  some  time  afterwards  may  remain 
unhinged,  speech  and  memory  may  be  dcfecti\'e,  or  bliTidness  maj'  be 
permanent. 

The  treatment  of  lead  poisoning  is  preventive  and  curative.  Lead 
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pipes  for  the  conduction  of  drinking-water  should  not  be  used,  and 
should  bo  replaced  by  jjipes  made  of  iron  or  glass.  Lead  cisterns  for  the 
storage  of  water  for  culinary  purposes  should  not  be  allowed.  All  drink- 
ing-water should  be  transmitted  direct  from  the  main  into  the  houses,  and 
before  being  used  in  the  morning  the  water  should  be  run  off  for  a few 
minutes  at  first,  so  as  to  empty  the  lead  pipe.  The  addition  of  carbonate 
of  lime,  magnesian  limestone,  or  silica  to  the  u'ater,  provided  no  excess  of 
carbonic  acid  be  presemt,  frequently  allows  of  the  formation  of  a protective 
covering  on  the  interior  of  the  pipe.  The  presence  of  micro-organisms  in 
water  increases  its  solvent  power  upon  lead,  owing  to  the  influence  of 
chemical  i)roducts  formed  during  their  multiplication ; hence  sewage- 
polluted  water — -which  also  contains  chlorides,  nitrates,  and  nitrites — is 
especially  dangerous.  To  stock  the  reservoirs  with  fish  is  an  inexpensive 
and  efficient  method  of  reducing  the  plumbo- solvent  action  of  moor- 
laiid  water. 

As  regards  industrial  lead  poisoning  the  Home  Office  has  issued  regu- 
lations, the  strict  enforcement  of  which  in  factories  has  been  beneficial. 
Men  and  women  therein  employed  should  be  medicall}^  inspeeted  once  a 
week,  and  an  increasing  anjemia  should  be  regarded  as  a disqualification. 
Frequent  ablution,  the  wearing  of  overalls  and  respirators,  and  washiiig 
before  eating  diminish  the  risk  to  some  extent ; but  the  women  are 
unable  to  take  the  prescribed  baths  at  their  menstrual  periods.  Washing 
the  hands  with  water  eontaining  hypochlorite  of  soda  or  paraffin  is  a good 
preventive.  Acidulated  drinks,  composed  of  water  in  Avhich  sulphuric 
acid  and  magnesium  sulphate  are  dissolved,  and  to  which  lemon  has  been 
added,  are  provided  in  all  white-lead  factories,  and  the  work-people  are 
encouraged  to  drink  freely  of  them ; but  the  preventive  power  of  these 
drinks  is  feeble ; an  excess  of  free  sulphuric  acid  in  the  water  would 
redissolve  any  sulphate  of  lead  formed  in  the  alimentai’y  tract,  and  the 
tendency  would  be  favoured  by  the  presence  of  fresh  lemon  juice. 
Besides,  sulphate  of  lead  is  soluble  in  the  hydrochloric  acid  of  the  gastric 
juice.  The  alcoholic  habit  strongly  predisposes  to  plumbism.  Milk 
should  form  a large  part  of  the  dietary  of  the  work-jieople ; and  no 
person  should  be  allowed  to  work  in  a white-lead  factory  before  breakfast, 
for  clinical  experience  and  experiment  have  demonstrated  that  the  presence 
of  food  in  the  stomach  diminishes  the  solvent  influence  of  the  gastric  juice 
upon  load.  The  addition  of  a small  quantity  of  sulphur  to  the  milk 
increases  its  protective  powers. 

h^or  the  colic,  if  not  severe,  a mild  purgative,  such  as  magnesium 
sulphate  or  castor  oil,  maj'^  be  sufficient ; but,  should  it  be  accompanied 
bji"  vomiting,  effervescing  mixtures  may  be  tried,  and  enemas  of  warm 
water  and  olive  oil  resorted  to.  Should  the  abdominal  pain  be  severe, 
small  doses  of  tincture  of  opium  or  of  belladonna  may  be  added  to  the 
aperient ; or  a hypodermic  injection  of  morphine  and  atropine  may  be 
administered,  or  belladonna  fomentations  applied.  A mixture  of  mag- 
nesium sulphate  and  potassium  iodide  generally  acts  well.  Occasionally 
it  is  difficult  to  relieve  the  colic,  but  it  will  generally  yield  to  the  influence 
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of  a wju-m  bath.  'When  tho  colicky  pain  and  vomiting  have  been  relieved, 
or  when  colic  alone  is  present,  monosnlphite  of  soda,  in  one-third  or  half- 
grain doses  eveiy  two  or  three  hours,  has  a wonderfnl  influence  in  sooth- 
ing the  general  symptoms.  In  a mild  case  abdominal  pains  and  paralysis 
quickly  disappear  under  its  influence. 

As  an  eliminant  potassium  iodide  still  finds  favour,  and  rightly  so ; 
but  in  the  early  part  of  the  treatment  of  acute  plumbism  it  should  be 
used  with  caution,  for  under  its  use  lead,  which  has  been  deposited  in  the 
tissues  and  is  therefore  inert,  might  be  redissolved,  and  fresh  symptoms 
of  saturnine  poisoning  reappear.  Occasionally  the  drug  causes  albumin- 
uria. In  a female  patient  transferred  to  my  care  by  my  colleague  Dr. 
It.  1\.  Murray,  the  administration  of  five-grain  doses  of  potassium  iodide 
was  followed  by  a rise  of  temperature  (101  "8°  F.)  and  the  presence  of 
albumin  in  the  urine.  On  cbscontinuing  the  medicine  the  temperature 
fell  and  the  albuminuria  disappeared,  but  on  rene^ving  the  potassium 
iodide  the  albuminuria  returned.  The  bromide  is  also  efficacious.  Dr. 
Burney  Yeo  C[Uotes  Semmola  as  having  found  electricity  useful.  The 
patient  is  placed  in  an  acidulated  bath,  and  one  pole  of  the  continuous 
current  is  applied  to  the  tongue  while  the  other  remains  in  the  water : 
or,  without  using  the  bath,  one  pole  may  be  applied  to  the  tongue  and 
the  other  to  the  epigastrium.  It  is  stated  that  the  blue  line  disappeared 
from  the  gums  in  a few  weeks,  and  examination  of  the  urine  shewed 
increased  elimination  of  lead.  For  saturnine  paralysis,  which  is  some- 
times very  obstinate,  electricity,  massage,  and  mix  vomica,  witb  potassium 
iodide,  or  the  subcutaneous  injection  of  strychnine,  are  useful ; and  for 
the  anaemia,  which  remains  after  the  painful  symptoms  have  disappeared, 
tablets  of  bone-marrow  have  given  encouraging  results. 

For  lead  encephalopathy,  when  convulsions  rapidly  succeed  each  other, 
the  inhalation  of  nitrite  of  amyl  is  very  servicealile.  Under  its  influence 
the  pulse  regains  its  softness  and  recovers  its  frequency.  As  the  urine 
is  often  suppressed,  the  subcutaneous  injection  of  pilocarpin  may  be 
called  for. 

Seegelken  of  Jena  has  successfully  practised  tapping  of  the  lumbar 
region  of  the  spinal  canal  in  the  coma  of  lead  poisoning.  A patient  after 
suffering  from  lead  colic  had  been  seized  with  recurrent  convulsions  and 
unconscioiLsness.  The  urine  was  non-albnminous.  In  the  intervals  between 
the  convulsions  the  right  arm  and  leg  tvere  observed  to  be  paralysed.  As 
coma  endured  for  two  days  Seegelken  had  recourse  to  lumbar  tapping, 
removing  .sixty,  grammes  (a  little  le.ss  than  two  ounces)  of  cerebrospinal 
fluifi  with  a pressure  of  310  mm.  of  water,  which  gradually  fell  to 
80  towards  the  end  of  the  opcnition.  Shortly  after  the  puncture  the 
[Kitient  gradually  regained  consciousness ; that  evening  he  sat  np  in  bed, 
and  %vithin  thirty-six  hours  all  cerebral  symptoms  had  disappeared.  On  the 
hypr>thesis  that  the  convulsions  and  coma  of  lead  encephalopathy  are  duo 
to  acute  redema  of  the  brain,  it  is  interesting  to  note  that  tho  fluid  as  it 
first  flowcfl  was  clear,  serous,  cerebrospinal ; whilst  towards  tno  end  it  was 
cloudy,  a circumstance  which  suggested  to  the  operator  its  cnceiihalic 
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oi’igin.  E.  j\Iosny  performs  lumbar  puncture  in  lead  colic,  especially  w^hen 
there  are  cerebral  symptoms,  and  on  centrifuging  the  fluid,  which  is  clear 
like  water,  he  finds  on  microscopical  examination  evidence  of  a distinct 
lymphocytosis,  similar  to  that  met  with  in  tuberculous  meningitis.  I 
have  been  present  when  Mosny  has  performed  lumbar  puncture,  and  have 
thus  had  the  opportunity  of  confirming  the  presence  of  the  excess  of 
leucocytes,  due  pi’oljably  to  a reaction  on  the  part  of  the  cerebrospinal 
membranes  to  the  lead.  In  the  Victoria  Infirmary,  Newcastle,  I have 
practised  lumbar  puncture  in  lead  poisoning,  and  have  drawn  off  as  much 
as  an  ounce  of  clear  fluid  at  a time ; but,  although  all  the  details  of  the 
technique  as  regards  centrifuging  and  staining  were  carefully  followed, 
there  was  no  lymphocytosis  such  as  I had  observed  with  Mosny  in  Paris, 
nor  on  chemical  examination  of  the  cerebrospinal  fluid  was  there  found 
any  trace  of  lead  in  two  cases  of  plumbism. 


Arsenic 

Of  the  cases  of  criminal  poisoning  in  this  country  those  by 
arsenic  used  to  form  the  largest  number,  and  accidental  poisoning  by 
arsenic  the  smallest.  Lately  conditions  have  changed.  In  the  three 
years  ended  1903  there  occurred  100  deaths  from  arsenic,  47  males  and 
53  females.  In  these  are  included  12  deaths  by  suicide,  8 males  and  4 
females  ; the  remaining  deaths  were  the  result  of  accident  and  of  drink- 
ing contaminated  beer.  There  was  no  case  of  criminal  poisoning.  The 
comparative  tastelessness  of  the  drug  is  one  reason  why  it  was  so  frequently 
resorted  to  for  criminal  purposes.  The  metal  itself  is  innocuous ; but 
when  acted  upon  liy  the  juices  of  the  animal  body,  or  when  volatilised 
and  transformed  into  arsenious  acid,  it  assumes  highly  poisonous  qualities. 
Its  effects  are  deleterious  whether  it  be  respired  as  dust,  swallowed  in  a 
soluble  form,  or  applied  externally  to  the  skin.  Its  escharotic  properties 
have  long  been  known.  In  miners  employed  in  the  extraction  of 
arseniferous  metals  a form  of  pneumonia,  which  rapidly  becomes  purulent, 
has  been  observed ; ulceration  of  the  skin  and  mucous  membranes  is 
also  met  with.  A large  proportion  of  the  men  engaged  in  the  arsenic 
reduction  works  close  to  the  mines  in  Cornwall  suffer  from  skin  eruptions 
known  as  “arsenic  pock,”  and  from  bronchitis,  which  paves  the  way  for 
more  serious  lung  disease.  The  ill-health  of  these  Avorkmen  formed  the 
subject  of  an  inquiry,  and  was  reported  upon  to  the  Home  Office  in  1901 
by  Messrs.  E.  Gould  and  J.  S.  Martin.  Many  of  the  symptoms  com- 
plained of  by  zinc-smelters  are  due  to  the  presence  of  arsenic  in  the 
fumes.  Of  the  miners  of  Schneebergin  Saxony,  who  extract  coljalt  ores — 
minerals  composed  mostly  of  nickel  and  bismuth — 3 per  cent  die  annually 
from  a disease  locall}'^  known  as  “ cancer  of  the  lung,”  a chronic  affection 
probably  due  to  the  presence  of  arsenic  in  the  cobalt ; and  in  our  OAvn 
country  the  men  tvho  are  engaged  in  colour  works,  where  emerald  green, 
a mixture  of  arsenic  and  copper,  is  made  in  large  quantities,  occasionally 
sufter  from  sores  of  the  skin — particularly  in  the  axilla  and  groin,  along 
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the  sides  of  the  nails,  and  on  the  penis.  These  are  caused  l>y  the  dry 
dust  which  .settles  upon  the  skin  and  erodes  it ; the  evil  is  aggravated  by 
friction  of  the  clothes,  by  the  presence  of  perspiration,  or  by  handling  of 
the  genital  org-ans  during  micturition  with  fingers  covered  with  the  green 
dust.  Ulcers  on  the  penis  of  workmen  engaged  in  making  emerald  green 
have  been  wrongly  attributed  by  their  wives  to  other  causes.  In  this 
countiy  the  dangers  consequent  upon  the  manufacture  of  arsenic  have 
been  much  diminished  by  improved  ventilation,  the  use  of  a fan,  and  by 
what  is  technically  known  as  the  “wet  method.”  I have  visited  the 
emerald  green  manufactories  in  England  and  examined  many  of  the 
workmen;  and  although  I admit  that  skin  eruptions  and  ulcers  occur, 
they  do  so  far  less  than  the  public  have  been  led  to  suppose.  Men  and 
girls  who  are  employed  in  the  making  of  artificial  flowers,  or  of  toys 
dusted  with  Scheele’s  green  mixed  with  other  pigments — with  chromate 
of  lead,  for  example — suffer  from  diffuse  erythema,  minute  vesicular 
eruptions  becoming  pustular,  ulceration,  and  gangrene  of  the  skin.  The 
eruptions  are  noticed  mostly  at  the  bends  of  the  fingers,  elbows,  and  arms, 
the  angles  of  the  nose  and  lips,  the  inside  of  the  thighs,  and  betM'een  the 
toes.  Pemons  with  open  sores  on  their  hands  and  arms  ought  to  have 
these  protected  when  at  work  with  gloves,  and  painful  fissures  of  the  skin 
should  be  coated  with  surgical  collodion.  Several  of  the  bright  red  colours 
used  as  pigments  in  the  arts  and  commerce  contain  arsenic ; for  example, 
cochineal  red,  Persian  red,  vermilionette,  and  rosaniline. 

The  occupation  of  rooms  lined  with  wall-papers  containing  arsenic 
has  frequently  been  followed  by  a series  of  symptoms,  the  real  nature  of 
which  was  long  unrecognised.  In  1839  Gmelin  called  attention  to  the 
danger,  and  Kramer  in  1852  instituted  experiments  to  determine  whether 
a volatile  arsenical  compound  could  be  liberated  in  the  circumstances. 
It  was  reseiwed  for  Halley  in  1858  to  record  the  first  fatal  case  of  poison- 
ing attributable  to  this  soimce.  Of  the  pigment  present  in  the  wall-paper 
as  much  as  59  per  cent  was  arsenite  of  copper.  Besides  the  arsenical 
dust  that  halls  from  these  wall-papers  it  is  maintained  that  arseniuretted 
hydrogen  or  arsine  is  evolved — a gas  which  arises  from  the  contact  of 
arsenious  acid  with  organic  matter,  the  long-continued  inhalation  of  which 
is  dangerous.  Removal  of  the  patient  from  such  a room  is  generally 
sufficient  to  effect  a cure.  Considerable  doubt  has  been  expressed  in 
regard  to  p>oisoning  from  arsenicated  wall-papers,  and  numerous  experi- 
ments have  been  undertaken  to  solve  the  cpiestion.  The  symptoms  have 
been  attributed  to  the  absorption  of  dust,  to  the  inhalation  of  arsenical 
ga.s,  or  to  the  combined  action  of  the  two  factors ; but  lately  improved 
bacteriological  methods  in  the  hands  of  Selmi,  Hambcrg,  Gosio,  and 
Sanger  have  demonstrated  that  a volatile  arsenical  compound  is  formed 
by  the  action  of  certain  moulds  on  organic  matter  containing  arsenic. 
Taking  potato  i>ulp  containing  0'.5  to  1 per  cent  of  arsenious  oxide,  and 
expfwing  it  to  the  air  of  a cellar,  Gosio  found  an  abundance  of  mould 
upon  it  in  a few  days,  and  an  intense  garlicky  odour  was  emitted.  I urc 
cultures  were  made  from  this  growth  on  rterilised  arsenical  ])reparations  , 
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but  the  peculiar  odour  was  ouly  noticed  from  such  organisms  as  the 
Aspergillus  glaucus  and  Mucor  mucedo.  On  decaying  paper  Saccai’do 
found  the  Penicillmm  hrevicaule,  a mould  so  peculiarly  sensitive  to  arsenic 
that  Gosio  has  proposed  to  utilise  it  as  a means  of  testing  for  arsenic  in 
toxicological  work.  All  micro-organisms  may  have  a slight  action  in  the 
course  of  time ; but  there  are  a few  arsenio-organisms  whose  operation  is 
immediate  and  intense.  Of  these  Fenicillium  hreviemde  stands  out  as 
the  most  sensitive,  and  it  can  be  em^^loyed  for  the  detection  of  arsenic  in 
the  presence  of  large  amounts  of  organic  matter.  By  this  interesting  and 
extremely  delicate  micro-biological  method  one  part  of  sodic  arsenite  in 
1,000,000  may  be  detected  in  a milk  culture. 

Arsenical  poisoning  has  frequently  followed  the  application  of  quack 
ointments  to  the  skin  for  cancer  ; and  the  liquid  in  which  flyqiapers 
have  been  soaked  has  been  used  for  criminal  poisoning — the  active 
principle  of  the  brown  papier  moure  being  arsenious  acid.  The  presence 
of  arsenic  in  soot  explains  why  sweeps  and  gardenei’s  sufler  from  the 
external  manifestation  of  cancer  in  larger  numbers  than  men  engaged  in 
other  occupations.  Occasionally  bismuth  subnitrate  contains  traces  of 
arsenic,  the  power  for  harm  of  which  should  not  be  forgotten  in  a medico- 
legal inquiry.  Serious  consequences  have  also  followed  the  wearing  of 
garments  or  gloves  dyed  with  arsensical  green.  Fowler’s  solution  con- 
tains 4 grains  of  arsenious  acid  to  the  ounce,  and  is  an  excellent  remedy 
for  chorea.  It  should  be  carefully  administered,  however;  for  when 
given  in  rather  large  doses,  or  for  too  long  a time,  it  has  frequently 
caused  peripheral  paralysis,  bronzing  of  the  skin,  and  ulceration  of  the 
intestine.  Arsenic  in  the  form  of  cacodylate  of  soda  has  been  adminis- 
tered hypodermically  and  with  benefit  in  tuberculosis,  but  occasionally 
excessive  doses  have  been  followed  by  sanguineous  eflusion  at  the  site  of 
the  puncture,  and  by  petechial  haemorrhages  elsewhere.  Arsenious  acid 
is  largely  employed  by  dentists  to  destroy  the  nerve  in  decayed  teeth  ; 
its  employment  is  not  wholly  free  from  risk,  seeing  that  the  quantity 
used  is  never  weighed  by  the  dentist ; but  the  quantity  placed  in  the 
tooth  cavity  is  usually  very  small,  probably  not  more  than  w grain- 
Arsenic,  we  know,  does  not  form  an  albuminate ; thus  it  is  that  it  forms 
such  an  excellent  paste  for  dental  purposes ; it  can  penetrate  into  all  the 
recesses  of  a carious  tooth.  Plants  soon  wither  if  placed  in  a solution  of 
arsenious  aeid ; and  if  they  have  been  grown  on  soils  containing  small 
quantities  of  arsenious  acid  infinitesimal  traces  of  the  metal  may  be  found 
in  their  tissues. 

Certain  animals,  such  as  partridges,  are  said  to  bo  refractory  to 
arsenic.  We  do  not  know  whether  or  how  far  the  eating  of  the  flesh  of 
animals  that  have  ingested  arsenic  may  be  followed  by  ill  effects  in  man. 
The  risk  would  be  less  in  eating  the  flesh  than  the  internal  organs. 
Strychnine  has  been  found  in  the  muscles  of  fowls.  The  “ aqua  tofana,” 
once  renowned  as  the  means  adopted  by  a secret  society  of  women  for 
the  wholesale  poisoning  of  married  men,  was  made  bv  rubbing  white 
arsenie  into  pork,  exposing  it  to  the  sun  for  sevei-al  days,  and  collecting 
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the  liquor  as  it  drained  away.  This  fluid  is  not  only  extremely  ijoisonous, 
but  is  also  Siiid  to  defy  chemical  detection.  Its  virulence  probably 
depends  upon  a mixture  of  arsenites  of  cadaverine,  putrescine,  and  some 
unknown  ptomaines. 

Arsenious  acid  is  a strong  poison  to  nearly  all  forms  of  animal  life — 
from  the  highest  to  the  lowest ; the  sjmiptoms  vary  according  to  whether 
the  poison  has  been  inhaled  as  vapour,  drunk  in  a soluble  form,  or  applied 
externally  ; the  condition  of  the  health  and  the  habit  of  the  individual 
at  the  time  are  not  without  their  influence.  Von  Tschudi,  in  1851, 
drew  attention  to  the  practice  of  arsenic-eating  by  the  mountaineers  of 
Styria,  Hungary,  and  certain  parts  of  the  Punjab ; the  belief  in  these 
districts  being  that  under  the  influence  of  the  drug  the  respiratory 
power  is  increased,  and  the  complexion,  particularly  of  the  women, 
improved.  We  are  familiar  with  its  beneficial  influence  in  certain  forms 
of  skin  disease  and  in  asthma ; and  although  it  is  maintained  that  the 
Styrian  peasantry,  beginning  the  practice  with  small  doses,  gradually 
increase  it  to  30  grains,  considerable  doubt  has  been  expressed  concerning 
the  practice ; especially  as  rre  are  told  that  the  people  who  thus  indulge 
live  to  a great  age.  Certainly  a tolerance  to  the  drug  can  be  established. 
Half  a grain  of  ai'senious  acid,  for  example,  is  a dangei'ous  dose  to  give  to 
a dog ; yet  a mongrel  Scotch  terrier  of  miire  took  more  than  a grain 
of  arsenious  acid  daily  for  ser'eral  months.  Under  its  emjrloyment  in 
smaller  doses  an  intense  stimulus  was  given  to  nutrition.  The  animal 
gained  considerably  in  weight,  became  sleek  and  well  covered,  and  the 
hair  of  its  coat,  Avhich  was  thick,  coarse,  and  stumpj^,  became  long  and 
silken.  All  who  saw  the  dog  were  struck  by  the  improvement  in 
its  appearance,  particularly  as  regards  its  pelt.  Arsenic  has  long  been 
given  by  grooms  to  horses  with  them  food  to  improve  the  coat  and 
render  them  plump  and  well  conditioned.  Once  begun,  however,  the 
pi  actice  has  to  be  continued ; otherwise  the  animal  shews  signs  of  falling 
off.  It  has  been  stated  that  in  man  no  tolerance  of  the  drug  is  established, 
and  that  the  stories  of  the  Styrian  arsenic-eaters  are  purely  imaginary. 
T.schudi’s  statements  have  been  severely  questioned.  Dr.  Parker  of  NoA'a 
Scotia  repoi’ts  the  death  of  a male  arsenic-eater  Avho  had  taken  from  2 to  3 
grains  of  the  drug  daily  for  five  months  in  the  hope  of  relioAung  dyspepsia. 
When  he  discontinued  it  he  found  he  was  not  so  well.  He  stated 
that  the  skin  Avas  not  improA'ed  by  it,  and  that  it  had  no  airpreciuble 
effect  upon  the  respiratory  organs,  nor  upon  the  muscular  sj'stem, 
Avhich  remained  Avell  deA'elopcd ; but  he  thought  that  the  genital  organs 
Avere  stimulated  by  it.  HoweA'er,  symptoms  pointing  to  an  e.xtremely 
irritable  state  of  the  gastro-intestinal  tract  set  in,  folloAved  by  thirst, 
suppression  of  urine,  collapse,  and  death.  In  this  case  the  daily  use 
of  the  drug  did  not  beget  any  enormous  tolerance  of  it  in  the  economy 
— a circumstance  quite  in  keeping  Avith  the  opinion  of  Christison,  that 
Avhilst  the  system  may  become  habituated  to  the  use  of  some  of  the 
organic  [Kusons,  haVjit  docs  not  diminish,  but  increases  the  acliA’ity  of 
inorganic  poi.sons  entering  the  blood.  I he  publication  of  Parkers  case 
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drew  fi'om  Dr.  Craig  Maclagan  (in  tlie  same  journal  a month  later) 
a paper  giving  an  account  of  hi.s  travels  through  Styria,  and  of  his 
personal  observation  of  the  practice  of  eating  a mineral  substance 
“ Huttereich,”  known  to  be  arsenic,  which  was  locally  asserted  to 
render  respiration  easy  during  mountain  climbing,  and  to  act  as  a 
condiment  and  tonic  ; its  more  immediate  effect  on  the  system  is  to 
make  the  people  lively,  combative,  and  salacious,  to  which  latter  circum- 
stance was  attributed  “the  inordinate  number  of  illegitimate  children 
in  some  of  these  places,  the  proportion  sometimes  rising  nearly  as  high 
as  60  per  cent  of  the  total  births.”  Dr.  Maclagan  was  an  eye-witness 
of  the  practice  of  arsenic-eating  in  the  case  of  two  men,  one  aged  twenty- 
si.x;  and  the  other  forty-six  years  of  age.  To  one  of  these  men  6 grains 
were  given  on  a piece  of  bread.  This  was  swallowed,  for  the  mouth 
was  carefully  examined  afterwards  and  found  quite  clear.  No  imme- 
diate effects  followed,  but  on  examination  of  the  urine  arsenic  was  found 
therein.  Whilst  admitting  that  arsenic-eating  is  not  in  any  sense  of 
the  word  a universal  habit  amongst  the  Styrian  peasantry,  or  even 
freely  indulged  in  by  the  male  population.  Dr.  Maclagan  maintains  “ that 
decisive  evidence  has  been  brought  forward  not  only  to  prove  that  arsenic 
is  well  known  and  widely  distributed  in  Styria,  but  that  it  is  likewise 
regularly  eaten  in  quantities  usually  considered  sufficient  to  cause  imme- 
diate death.”  In  1875  Dr.  Maclagan  published  a second  paper  describing, 
on  the  authority  of  Knapp,  a public  exhibition  of  arsenic-eating  by  two 
men,  and  mentioning  that  other  cases  were  known  to  him.  Knapp  is 
of  opinion  that  only  strong  persons  can  indulge  in  the  practice,  but  that 
these  attain  great  age ; that  the  virtues  claimed  for  arsenic  exist ; 
that  the  drug  is  taken  at  intervals  of  a few  days,  and  that  there  is  no 
longer  any  doubt  about  the  arsenic-eating  in  Styria.  A Koyal  Com- 
mission has  reported  that  although  the  practice  exists  it  has  been  grossly 
exaggerated. 

I have  been  directly  informed  by  Dr.  Eberstaller,  the  town’s  physician 
of  Gratz,  that  the  practice  of  arsenic  - eating  was  unknown  to  him, 
but  that  Marik,  in  a paper  read  before  the  Stp’ian  Medical  Society, 
had  revived  professional  interest  in  this  important  matter  by  bringing 
to  light  nine  cases  of  arsenic  or  nid,ri  eating — four  in  Deutsch-Landsberg, 
two  in  Oberwblz,  two  in  Vorau,  and  one  in  Ligist.  Moreover,  it  was 
stated  that  there  were  two  arsenic -eaters  at  lioutberg,  and  one  each 
at  Grafenberg  and  Kaindorf.  Of  the  nine  cases  one  was  a man  aged 
sixty-six,  who  began  eating  arsenic  at  the  age  of  thirty,  and  whose 
father — also  an  arsenic-eater — had  died  at  the  age  of  seventy-seven. 
In  the  presence  of  Drs.  Knapp  and  Buchner  this  man  took  2T6  grains 
of  orpiment  (arsenic  trisulphide),  and  stated  that  he  became  an  arsenic- 
eater  at  first  under  the  belief  that  the  drug  was  a prophylactic  against 
typhus  fever.  Beyond  an  indisposition  of  two  days’  duration  he  had 
never  been  ill  during  these  thirty-six  years.  When  feeling  laz}'^  and 
disinclined  to  work  he  would  take  a small  quantity  of  arsenic,  and  in  a 
few  hours  would  feel  invigorated,  and  fit  for  a long  pedestrian  journey. 
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He  maintaineil  that  sexual  potency  is  rather  increased  b}'  it  than  other- 
wise, and  that  after  taking  arsenic  ho  must  cat  some  food.  The  other 
arsenic-eaters  were  reported  to  lie  strong  healthy  men,  wlio  had  indulged 
in  the  tlrug  for  periods  varying  from  eight  to  twenty  yoiirs.  In  the 
urine  of  four  of  these  persons  Buchner  proved  the  presence  of  arsenic, 
both  qualitatively  and  quantitatively  ; in  one  instance  0'385  gi-ain  l>eing 
found.  Marik  therefore  maintains  that  arsenic-eating  is  still  practised 
in  the  north  and  north-western  parts  of  Styria ; and  that,  according  to 
Schafer,  the  practice  is  not  unknown  to  peasantry  of  the  districts  of 
Hartberg,  Lamprecht,  Leoben,  and  Oberzeiring.  It  is  difficult  to  obtain 
acciuTite  information  as  to  the  number  of  arsenic-eaters  in  Styria,  for 
the  people  know  that  the  practice  is  illegal,  and  the  greatest  possible 
secrecy  is  observed.  The  practice  has  by  no  means  died  out,  and  the 
reasons  jissigned  for  taking  the  drug  are  still  the  same  as  the\’  were 
many  years  ago ; namely,  that  it  gives  strength  and  vigour  to  the 
muscular  system,  increases  xhe  respiratory  power,  aids  digestion,  and  is 
a prophylactic  against  infectious  fevers.  Believing  that  it  acts  as  a 
cosmetic,  it  was  used  by  young  ladies  in  the  upper  classes  of  society  in 
Florence  some  years  ago. 

Morbid  Anatomy. — No  matter  by  what  channel  arsenic  has  entered 
the  system,  the  mucous  membrane  of  stomach  and  intestines  is  the  seat 
of  veiy  marked  changes  ; it  is  swollen  and  congested ; it  may  shew 
numerous  ecchymoses,  small  emphysematous  bullae,  or  membranous 
exudation.  The  (esophagus  generally  escapes.  If  arsenic  has  been 
taken  in  the  solid  form,  crystals  are  frequently  found  adheiing  to  the 
mucous  membrane.  Long  after  death,  months  it  may  be,  the  inflammatory 
changes  of  the  mucous  membranes  can  be  recognised  owing  to  the  anti- 
septic and  presen'ative  powers  of  the  drug ; but  care  must  be  taken  to 
discriminate  between  this  and  the  peculiar  redness  observed  in  normal 
stomachs  undergoing  putrefactive  changes.  The  whole  of  the  intestinal 
tract  in  arsenical  poisoning  may  be  so  reddened  that  the  lesions  may 
closely  resemble  those  of  cholera  \ a resemblance  which  even  microscopical 
examination  does  not  remove,  for  equivocal  micro-organisms  have  been 
found  in  the  epithelial  flakes.  Fatty  degeneration  of  the  intestinal 
epithelium  and  a swollen  condition  of  Beyer’s  patches  and  of  the 
solitary  glands  may  also  be  present.  Arsenic  has  thus  a peculiar! 3' 
selective  influence  upon  the  gastro -intestinal  tract.  That  the  lining 
membrane  of  the  stomach  actively  excretes  certain  chemical  bodies  has 
been  shewn  by  Kandikoff’  of  St.  Petersburg,  who  demonstrated  that  if 
arsenic,  for  example,  were  injected  into  the  rectum  it  was  absorbed  and 
.suljsequently  discharged  by  the  mucous  membrane  of  the  stomach.  1 o 
kill  an  animal  by  means  of  arsenic,  a larger  quantity  has  to  be  injected 
into  a vein  than  if  the  drug  is  given  by  the  month.  The  cxjflanation 
of  this  peculiar  behaviour  of  arsenic  is  prolwibly  that  when  the  drug  has 
been  aljsorbed  into  the  blood  it  is  separated  by  the  pstric  mneons 
membrane,  and  in  its  pa.s.sagc  outwards  it  exercises  an  irritant  action, 
setting  up  inflammatory  rcdne.ss. 


1072 


SVSr£M  O/-  MEDICINE 


A Avidespi-eail  fatty  granular  degeneration,  again,  is  characteristic  of 
arsenical  poisoning.  It  affects  the  liver  and  kidneys,  the  intestinal 
epithclia,  and  voluntary  muscular  fibre.  The  degeneration  is  sometimes 
as  marked  as  that  met  with  in  phosphorus  poisoning.  Binz  considers 
that  cellular  protoplasm  has  the  power  of  oxidising  arsenious  to  arsenic 
acid,  which  is  again  reduced  to  arsenious  acid.  In  this  way,  owing  to  a 
series  of  repeated  oxidations  and  reductions,  the  protoplasm  undergoes  a 
fatty  change.  There  are  no  observations  to  support  this  opinion.  Arsenic 
unititig  Avith  protoplasm  may  not  form  an  albuminate,  yet  it  enters  into 
such  close  chemical  union  Avith  it  that  the  protoplasm  is  destroyed. 
Besides  the  AAudespread  fatty  change  in  the  liver,  SalkoAvsky  found  that 
its  glycogenic  function  Avas  destroyed ; but  in  my  experiments  glycogen 
was  found  in  the  liver  after  death. 

Whilst  arsenic  is  rapidly  eliminated  from  the  system,  the  channels  of 
escape  being  the  gastric  mucous  meinlirane,  kidney.s,  skin,  and  saliva, 
sufficient  is  yet  retained  Avithin  the  system  to  alloAv  of  its  detection 
post-mortem ; although  fatal  cases  of  arsenical  poisoning  have  been 
recorded  Avithout  the  metal  having  been  found.  This  is  a point  of  con- 
sideralile  importance  from  a medico-legal  point  of  vicAv.  In  the  case  of 
my  own  dog,  Avhich  took  arsenic  every  day  for  months,  and  Avhich  before 
its  death  suffered  from  vomiting,  diarrhoea,  and  rapid  emaciation,  the 
most  careful  chemical  examination  of  the  liver  and  bones  conducted  by 
Professor  Bedson  and  Mr.  F.  C.  Garrett,  repeated  on  three  occasions, 
failed  to  detect  the  slightest  trace  of  arsenic.  This  is  a circumstance  of 
more  than  passing  interest.  In  cases  of  criminal  poisoning,  therefore, 
there  is  no  justification  for  the  plea  set  up  by  the  defence,  that  unless  an 
amount  of  poison  Avere  abstracted  from  the  liver,  sufficient  of  itself  to  be 
regarded  as  a fatal  dose,  the  cause  of  death  could  not  have  been  arsenical 
poisoning.  Arsenic  has  been  detected  in  the  bile,  the  SAveat,  the  tears, 
and  in  the  serosity  of  a blister ; but  the  urine  is  the  medium  b}'  Avhich 
it  principally  escapes  from  the  body,  hence  the  improbability  of  any 
extensive  accumulation  of  arsenic.  Given,  therefore,  a case  of  suspected 
poisoning  by  arsenic,  the  urine  of  the  patient  should  be  examined  by 
Reinsch’s  test.  In  using  this  method  the  folloAving  points  should  be 
attended  to  : («)  reduce  12  to  16  ounces  of  urine  by  gentle  evaporation 
to  I of  its  bulk  ; (b)  add  ^ to  -J-  of  its  bulk  of  hydrochloric  .acid  Jenmv-n 
to  be  free  from  arsenic ; (c)  dip  into  it  a bright  piece  of  copper  foil  and 
Ijoil  for  at  least  15  minutes,  Avhen  {d)  if  arsenic  be  present  the  copper 
Avill  exhibit  a greyish  stain.  If  arsenic  be  present  in  large  (piantity  a 
glistening  black-lead  appearance  may  be  obtained ; but,  as  mercury, 
sulpliur,  selenium,  and  antimony  produce  a similar  effect,  the  copper  foil 
must  be  submitted  to  the  test  of  sublimation.  Should  the  stain  be  due 
to  mercuiy,  the  metal  sublimes  in  microscopic  globules ; if  to  sulplnu’  it 
Avill  rub  off  upon  the  finger  ; if  to  arsenic  it  dissolves  in  caustic  ammonia, 
Avhich  sulphide  of  copper  AA'ill  not  do.  The  arsenical  stain,  Avhen  sub- 
limed, gives  a crystalline  deposit  of  arsenious  acid  ; the  antimonial  stein 
is  bluer  and  gives  no  crystalline  sublimate. 
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In  poisoning  by  white  arsenic  a microscopical  examination  of  the 
vomit  may  be  of  considerable  assistance.  Numerous  small  white 
particles  are  frequently  observed  Avhich,  when  iiicked  out  bjr  the  forceps, 
carefully  washed,  dissolved  in  boiling  water,  and  allowed  to  cool, 
crystallise  oitt  as  small  octahedra  of  arsenious  acid.  From  these  when 
heated  with  soda  on  a piece  of  carbon  in  the  reducing  zone  of  the  flame 
of  a blow-pipe  a garlicky  odour  is  evolved.  For  fuller  details  of  the  longer 
and  more  accurate  methods  of  testing  for  arsenic  in  organic  substances 
known  as  Keinsch’s  or  Marsh’s,  the  reader  should  consult  text-books  on 
toxicology. 

Into  the  question  of  the  imbibition  of  arsenic  after  death  we  need 
scarcely  enter,  there  being  few  arguments  and  fewer  facts  to  support  the 
assumption.  In  courts  of  law  it  has  been  maintained  that  corpses  may 
absoi'b  arsenic  from  the  earth — the  hypothesis  being  that  though  arsenic 
in  the  soil  is  in  the  form  of  an  insoluble  compound,  it  might  combine 
with  calcium  to  form  the  arsenite  of  lime,  which,  becoming  soluble 
through  the  action  of  carbonic  acid  evolved  from  decaying  vegetables, 
might  filter  down  to  the  corpse.  Sonnenschein’s  experiments  indicate 
the  improbability  of  such  an  occurrence. 

Symptoms. — When  administered  in  small  doses  arsenic  acts  as  a tonic 
by  gently  instating  the  stomach,  thereby  provoking  appetite.  It  exercises 
- a distinct  influence  upon  nutrition,  improving  muscular  tone  and  creating 
fresh  vigoim. 

Poisoning  by  arsenic  may  be  acute  or  chronic.  Arsenic — white  arsenic 
or  arsenious  acid — is  soluble  in  water,  has  a faint  sweetish  taste,  and 
when  volatilised  emits  a strong  garlicky  odour.  It  is  an  escharotic  when 
applied  to  any  surface  in  a concentrated  form,  and  an  irritant  even  when 
diluted.  From  a quarter  to  half  an  hour  after  taking  a large  dose  a 
bimning  pain  is  felt  in  the  oesophagus  and  stomach,  which  spreads  over 
the  whole  abdomen,  and  is  accompanied  by  a sense  of  constriction  at  the 
throat  and  a metallic  taste  in  the  mouth.  Consequent  upon  the  intense 
intestinal  hypersemia  are  violent  purging  and  vomiting ; the  discharges, 
at  first  mucous,  become  bilious  and  tinged  AAuth  blood  as  in  English 
cholera.  Thirst  becomes  excessive,  the  urine  is  suppressed,  arterial 
pressure  falls,  and  the  patient  soon  becomes  collapsed  and  his  extremities 
cold ; the  abdominal  tenderness  renders  respiration  laboured  and  em- 
bairassed.  Gradually,  hoAvever,  the  pale  face  becomes  cyanosed,  cramps 
keep  recurring,  the  temperature  falls,  convulsions  or  coma  supervene, 
and  death  follows  in  from  five  to  twenty  hours.  There  is  a close 
resemblance  betAveen  .such  a case  and  cholera ; and  Avere  the  latter 
epidemic  at  the  time,  and  nothing  present  in  the  circumstances  to 
excite  .suspicion,  such  a case,  even  in  the  hands  of  an  experienced 
phy.sician,  might  be  mistaken.  In  some  cases  there  is  only  a profuse 
Avatery  intestinal  discharge ; and  Avhilst  during  life  the  case  close)}' 
resembles  cholera,  the  suspicion  is  not  dispelled  by  the  appcjirances 
presentcfl  at  the  autopsy. 

more  common  form  of  poisoning  is  the  subacute.  The  symptoms 
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of  slow  arsenical  poisoning  are  of  a milder  character,  and  are  remittent. 
The  vomiting  and  purging  may  intermit,  and  the  abdominal  pain  may 
subside,  although  it  is  still  present  on  pressure.  The  other  characteristic 
symptoms  are  persistent  thirst  and  painful  deglutition ; scanty  urine, 
red  in  colour,  and  frequently  albuminous  ; heart  weak  and  irregular ; 
abdomen  tumid ; face  cyanosed  y skin  cold  and  clammy,  and  exhaling 
the  peculiar  odour  of  arseniuretted  hydrogen  ; the  legs  drawn  by  cramps 
and  convulsions,  whilst  the  mind,  as  a rule,  remains  perfectly  clear. 
From  time  to  time  there  is  a remission  of  the  symptoms,  the  patient 
rallies,  and  there  is  hope  of  recovery  ; but  the  improvement  is  not  main- 
tained, the  symptoms  recur,  and  death  ends  the  scene.  Towards  the  end 
hiccup  is  not  uncommon. 

A single  large  dose  of  arsenic  may  prove  quickly  fatal ; or  it  may 
cause  a prolonged  illness  which  may  end  fatally,  the  origin  remaining 
obscure.  Such  was  the  case  for  a ^ieriod  when,  in  1900,  an  epidemic 
of  peripheral  neuritis  suddenly  appeared  in  the  Midlands.  Dr.  E.  'S. 
Reynolds  of  Manchester  traced  the  malady  to  beer  and  porter-drinking. 
Women  suffered  more  than  men.  As  the  symptoms  at  first  began 
with  numbness  and  sensations  of  pain  in  the  hands  and  legs  and 
burning  in  the  soles  of  the  feet  some  of  the  patients  were  thought  to  be 
suffering  from  erythromelalgia ; but  in  others  the  symptoms  of  peripheral 
neuritis  were  well  marked  from  the  commencement.  Frequently  the 
skin  was  deeply  jrigmented  all  over,  the  appearance  of  the  patient 
being  such  as  to  recall  Addison’s  disease,  or  it  was  the  seat  of  a scarlfitinal 
or  measly  eruption  Avhich  desquamated,  of  herpes  zoster,  keratosis,  bli.sters, 
or  of  ulcers.  In  many  of  the  patients  the  face  was  puffy  and  pigmented, 
there  was  ankle-drop  due  to  paralysis  of  the  anterior  tibial  muscles,  the 
feet  were  swollen,  and  there  were  signs  of  heart  failure  without  cardiac 
murmurs.  In  the  worst  cases  the  arms  and  legs  were  paralj^sed  and  the 
muscles  atrophied  ; occasionally  the  muscles  of  the  trunk  became  paralysed, 
as  also  the  diaphragm.  Dr.  Dixon  Mann  found  arsenic  in  the  beer  in 
varying  quantities,  the  source  of  which  was  ultimateljr  shewn  to  be  the 
glucose  and  sulphuric  acid  used  in  the  manufacture  of  the  beverage. 

If  arsenical  poisoning  be  not  followed  by  death  convalescence  is 
slow,  and  is  apt  to  be  retarded  by  various  disorders,  principally  of 
the  alimentary  canal ; or  nervous  symptoms  connected  with  motion 
and  sensation  may  appear,  such  as  anaesthesia,  hyperaesthesia,  loss  of 
the  thermic  sense,  and  paralysis.  Joubcrt-Gourbeyre  collected  100 
cases  of  arsenical  poisoning,  and  in  more  than  one-half  all  the 
extremities  were  affected  ; one-fourth  were  paraplegic,  in  the  remainder 
there  was  hemiplegia  or  some  limited  form  of  paralysis.  The  loss 
of  power  was  mostly  limited  to  below  the  knee  and  elbow. 

Arsenical  paralysis,  like  that  due  to  alcohol,  usually  begins  in  the  legs. 
On  the  occurrence  of  paralysis  the  muscles  undergo  rapid  atrophy, 
are  usually  sensitive  to  pressure,  and  at  an  early  date  jjresent  the 
“reaction  of  degeneration.”  These  symptoms  are  usualljf  met  with 
when  arsenic  has  been  taken  for  a long  period ; but  Meirowitz  reports 
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the  case  of  a young  man  aged  nineteen,  who  inadvertently  swallowed 
5 grammes  (7  7 grains)  of  arsenions  acid.  This  was  followed  by  extremely 
severe  symptoms  of  acute  arsenical  poisoning ; they  subsided,  and 
three  weeks  afterwards  his  legs  became  painful  and  Ids  feet  swollen ; 
these  symptoms  gradually  increased  until  he  was  unalde  to  walk  without 
crutches.  Subsequently  his  gait  became  ataxic,  and  his  feet  cyanosed 
and  cold ; the  muscles  of  his  legs  atrophied  rapidly,  and  were  painful  on 
pressure  ; the  calf-muscles  were  the  seat  of  involuntary  twitchings  ; the 
foot,  patellar,  and  cremasteric  reflexes  were  absent;  the  soles  of  the 
feet  were  an?esthetic,  whilst  the  skin  of  the  lower  half  of  the  legs  was 
hyperiesthetic,  with  deficient  response  to  the  faradic  and  galvanic 
currents.  The  hands  were  also  affected,  the  movements  of  the  fingers 
being  greatlj^  impaired.  The  symptoms  of  multiple  neuritis  occurred 
two  months  after  the  swallowing  of  a single  large  dose  of  arsenic. 

Arsenical  multiple  neuritis  in  some  respects  resembles  subacute  polio- 
myelitis ; but  there  is  more  pain,  and  the  combination  of  sensory  disturb- 
ance and  tendency  to  rapid  cure  diminishes  the  resemblance.  Is  the 
lesion  peripheral  or  central?  Wood  alludes  to  the  experiments  of 
Popoff’,  who  found  in  dogs,  killed  in  a few  hours  by  arsenic,  the  spinal 
cord  inflamed ; and  in  cases  of  slower  poisoning  that  the  small  blood- 
vessels in  the  cord  were  thickened,  the  protoplasm  of  the  large  multi- 
polar cells  opaque  and  granular,  and  their  nucleus  indistinct : subsequently 
the  cells  became  vacuolated.  Erlicki  and  Pybalkin  found  disease  in  the 
anterior  horns  of  the  grey  matter  and  in  the  peripheral  nerves ; and  they 
maintain  that  myelitis,  and  particularly  changes  affecting  the  multipolar 
cells,  are  consequences  of  arsenical  poisoning.  Whilst  the  alterations 
were  well  marked  in  the  cord  on  microscopical  examination,  there  had 
been  no  tenderness  along  the  course  of  the  nerves  during  life.  As  in 
lead  poisoning,  it  would  appear  as  if  the  lesion  might  be  peripheral  or 
central,  or  a combination  of  both. 

The  administration  of  arsenic  for  a long  time,  even  in  small  doses, 
must  induce  changes  in  the  nervous  system.  Arsenic  deranges  the 

function  of  nerve -fibres  particularly,  for  these  appear  to  be  more 
susceptible  than  nerve-cells,  and  altered  function  is  followed  by  altered 
structure.  In  metallic  poisoning  one  is  struck  by  the  bilateral  symmetry 
of  the  peripheral  nervous  lesions,  and  that  certain  fibres,  motor  or  sensory, 
are  more  affected  than  others.  Again,  there  may  be  a simulation  of 
tabes,  with  ataxia,  muscular  ansesthesia,  and  loss  of  knee-jerk,  consequent 
upon  a preponderant  affection  of  the  afferent  nerves.  How  pecidiarly 
susceptible  nerves  are  to  all  toxic  influences  has  been  shewn  by  Sklaret 
of  Berlin,  liinger  anrl  Murrell.  On  injecting  arsenions  acid  or  an 
arseniate  into  animals,  they  found  that  the  drugs  acted  directly  ui)on 
the  nerve-centres,  producing  jtaralysis  of  motion  with  loss  of  sensation  and 
reflex  action,  ami  that  they  were  highly  toxic  also  to  the  peripheral  nerves. 

Ififferent  organs  exhibit  a selective  influence  in  regard  to  arsenic. 
In  acute  [joi.soning  this  is  seen  in  the  gastric  mucous  membrane  ; and 
in  chronic  forms  in  the  liver,  kidneys,  and  heart.  'I  he  skin  is  affected 
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in  chronic  arsenicism.  In  the  treatment  of  chorea  hy  increasing  doses 
of  Fowler’s  solution,  whilst  the  disease  may  lie  cured,  there  is  frequently 
left  after  it  deep  brown  pigmentation  of  the  skin,  either  of  the  face 
especially,  or  spread  generally  over  the  trunk  and  limbs — a pigmentation 
which  does  but  deepen  under  the  administration  of  potassium  iodide, 
given  in  the  belief  of  its  being  an'eliminant  for  arsenic.  Arsenic  is  said 
to  prevent  the  acne  of  bromism ; but,  if  this  be  so,  yet  such  patients 
may  present  mild  pigmentation — first  as  discrete  small  spots  which 
ultimately  coalesce. 

Sex  is  not  without  its  influence  in  the  evolution  of  the  symptoms. 
Cox  investigated  1700  cases  treated  by  arsenic  and  found  that  the  gastric 
S3^mptoms  are  commoner  in  women,  and  the  intestinal  in  men  ; that  the 
conjunctivse  are  often  inflamed  in  men,  and  that  nervous  symptoms  are 
more  frequently  observed  in  Avomen.  Children  and  young  people  bear 
arsenic  aa’^cII  ; but  old  people  are  peculiarly  susceptible  to  it,  and  in  them 
signs  of  nerve  degeneration  rapidly  appear. 

AVhen  arsenic  is  administered  in  small  doses  for  a long  time  the 
symptoms  may  be  slight ; the  health  is  so  gradually  deteriorated  that 
disease  from  other  causes  is  simulated  ; in  other  cases  the  sIoav  form  of 
poisoning  is  but  a repetition  in  miniature  of  the  acute.  There  may 
be  gradual  loss  of  appetite,  emaciation,  increasing  feebleness,  depression 
of  spirits,  irritability  of  temper,  sleeplessness,  pigmentation  of  skin, 
conjunctivitis,  catarrh  of  the  nasal  mucous  membrane,  scanty  urine, 
numbness  of  the  extremities,  hyperajsthesia,  paralysis,  convulsions,  faint- 
ing, and  death. 

Mr.  Jonathan  Hutchinson  noted  the  influence  of  arsenic  in  causing 
keratosis  of  the  palms  and  soles  in  a young  lady  the  subject  of  lupus,  in 
Avhom  the  keratosis  gradually  disappeared  on  discontinuing  the  medicine  ; 
he  also  reported  the  case  of  a young  man  who,  after  taking  arsenic  for 
eight  years,  developed  numerous  small  corns  and  a peculiar  horny 
condition  of  the  palms  and  soles,  which  on  microscopical  examination 
shelved  great  thickness  of  the  epidermis,  but  no  disease  of  the  papilhe. 
There  is  noAV  a considerable  amount  of  evidence  to  shew  that  in  addition 
to  peripheral  neuritis,  bronzing  of  the  skin,  and  the  development  of 
keratosis,  the  prolonged  administration  of  arsenic  may  be  productive  of 
even  more  serious  consequences.  Further,  he  alludes  to  a case  of  Mr. 
Arbuthnot  Lane’s — -a  man  Avho,  after  taking  arsenic  for  thirty  years  in 
order  to  relievo  iDsoriasis,  became  the  subject  of  multiple  groAvths  of 
squamous-celled  carcinoma.  Professor  Allbutt  has  seen  a similar  result 
in  a young  Avoman.  It  appears  that  the  keratosis  and  midtiple  small 
groAvths  that  deA'elop  in  the  skin  after  a lengthened  course  of  arsenic 
are  peculiarly  jArone  to  take  on  malignant  action.  Whilst,  therefore, 
arsenic  causes  marked  thickening  of  the  skin  it  is  indirectly  re- 
sponsible for  growths  whicli  subsequently  become  true  cancer.  It  may 
also  cause  other  forms  of  skin  irritation.  Wood  mentions  a case  of 
obstinate  eczema  of  the  hands  consequent  upon  using  playing-cai’ds 
containing  on  the  back  one-eighth  of  a grain  of  arsenic  each. 
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The  diagnosis  of  chronic  arsenical  poisoning  is  at  times  extremely 
ditficult.  Peripheral  neuritis  and  progressive  emaciation,  without  local 
disease,  are  either  iliathetic  or  toxic.  A chemical  examination  of  the 
urine  may  throw  light  upon  a doubtful  case. 

Treatment. — If  the  case  be  acute  and  seen  early,  emetics  and  the  use 
of  the  stomach-tube  are  called  for  ; but  the  antidote  for  arsenical  poison- 
ing, when  the  drug  is  still  present  in  the  stomach,  is  fieshly  ])repared 
ferric  hydrate.  It  acts  by  converting  soluble  arsenious  acid  into  the 
insoluble  arseniate  of  iron.  Ferric  hydrate  is  rapidly  prepared  by 
adding  liquor  ammonite  fortior  to  the  liquor  or  tincture  of  the  perchloride 
of  iron,  care  being  taken  not  to  add  excess  of  ammonia.  The  liquid 
may  be  administered  without  filtration  and  given  freely.  Should  the 
poison  have  already  passed  into  the  sj'stem  ferric  hydrate  is  usele.ss.  The 
treatment  must  then  depend  upon  the  symptoms.  Copious  draughts 
of  water  probably  aid  the  elimination  of  the  drug  by  the  kidneys.  For 
arsenical  paralysis  tonics  such  as  liquor  strychninse  may  be  necessary ; as 
well  as  the  employment  of  massage  and  electricity.  Iodide  of  potassium 
may  be  of  sertdee  as  an  aid  towards  the  elimination  of  the  poison  in 
mild  subacute  cases. 

Thomas  Oliver. 
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Abortion  in  lead  poisoning,  1048,  1057  ; in 
phosphorus  poisoning,  995 
Abrin,  42 
Absinthe,  90S 
Acetanilide  poisoning,  979 
Acid-fast  bacilli,  259,  317-322 
Acids,  poisoning  by:  carbolic,  1017-1021; 
ergotinic,  888 ; helvellic,  871  ; picric, 
1031  ; sphacelinic,  888 
Acne  rosacea  in  alcoholism,  922  ; in  tea  and 
coffee  poisoning,  988 
Acitxij'nia  and  ergotism,  891 
Actinomycosis  (streptotrichosis),  304,  324- 
343  ; chronicity,  337  ; lesions  in,  331  ; 
pathological  anatomy  of,  327  ; symptoms, 
336  ; treatment,  338 
Addiment,  96 

Adenitis  in  scarlet  fever,  455,  471 
Adsorption,  77,  112 
‘•After-damp,”  poisoning  by,  1035 
Agaricus  muscarius,  poisoning  by,  870 
Agglutination,  150-156  ; by  immune  serums, 
152  ; by  normal  serums,  151  ; in  food 
poisoning,  877  ; in  glanders,  223  ; in 
tuberculosis  260 
Agglutinins,  153 
Agglntinoids,  155 
Aggre-.sin.s,  45 

Ague,  “brass-founders’,”  1010 
Albuminuria,  cyclic,  458  ; <lue  to  potassium 
iodide,  1065  ; in  food  poisoning,  873  ; in 
measles,  395  ; in  mumps,  589  ; in  opium 
poisoning,  942,  954  ; in  phosphorus 

poisoning,  995,  1001 ; in  scarlet  fever,  456, 
471  ; in  small-pox,  502 
Alcohol,  ethyl.  901  ; as  a food,  904  ; per- 
centage in  various  liquors,  905  ; physio- 
logical action,  902  ; use  of,  in  typhus,  561 
Alcohol,  methyl.  913 

Alcoholism,  901  -937;  acute.  911-914; 
diagnosis,  913;  chronic,  915-929;  morbid 
anatomy,  916-922;  tliagnosis,  925; 
etiology,  909  ; j)rognosis,  925  ; symptoms, 
922-925  ; treatment,  926-929 
Alexins,  76,  96,  123  ; Bordet’s  views  on, 
106  ; Buchner’s  views  on,  130  ; origin  of, 
147 


Allantiasis,  860 
Amaurosis,  tobacco,  982 
Amblyopia  in  alcoholism,  913,  923 ; in 
bisulphide  of  carbon  poisoning,  1021  ; in 
nitrobeuzol  poisoning,  1025 
Amboceptor,  96 

Amenorrhoea  in  lead  poisoning,  1048 
Anremia  after  rheumatism,  628,  650  ; in  lead 
poisoning,  1047 

Angina  Liidovici,  21  ; rheumatica,  610; 

tobacco,  984 
Aniline  poisoning,  1026 
Anthracsemia  (anthrax),  227 
Anthrax,  227-257;  antitoxin,  182,  252; 
bacteriolog}',  228  ; cutaneous  form,  233  ; 
diagnosis,  249  ; intestinal  form,  238  ; 
pathological  anatomy,  239  ; symptoms, 
243  ; treatment,  252 
Anti-amboceptor,  104 

Anticomplement,  103  : Moreschi’s  views  on, 
112 

Antifebrin  poisoning,  979 
Antiferments,  161 
Anti-immune  body,  103,  112 
Antileucotoxin,  160 
Antimallein,  225 

Antimony  poisoning,  1014-1017;  “pox” 
in,  1014,  1017 
Antiphthisin,  296 
Antipyrin,  979 

Antiserums  (see  Serum),  172-176 
i^tispermotoxiu,  160 

Aniistreptococcal  serum  in  scarlet  fever, 
464 

Antitoxic  scnims  (see  Serum),  172-176 
Antitoxins,  chennstry,  56  ; formation,  37, 
50-56  ; in  nonnal  serums,  87  ; i)roperties, 
56  ; reaction  with  toxins,  57-78.  89 ; 
sources,  83  ; staniiardisation,  54 
Antivenenes,  55,  174 

A])pendicitis  and  antimony  poisoning,  1015  ; 

and  lend  poisoning,  1046 
Aqua  Tn/ana,  1068 
Arrack,  908 
Arsenic  enters,  1069 

Arsenic  poisoning,  1066-1077;  cancer  and. 
1070:  morbid  anatomy,  1071  ; peripheral 
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neuritis  in.  1074  ; “pock,”  1066;  syin- 
•ptoins,  1073  ; treatment,  1077 
Arsine,  poisoning  by,  1067 
Arteriosclerosis  in  alcoholism,  921  ; in  to- 
bacco poisoning,  982  ; in  syphilis,  359 
Atheroma  (see  Arteriosclerosis) 

Atropine  in  mushroom  poisoning,  882  ; in 
opium  poisoning,  944 
Autolysin,  105 

Bacillns  anthraeis,  228  ; botulinus  in  food 
poisoning,  860,  874 ; coli  communis  in  food 
poisoning,  861  ; diplUlieruc,  317  ; dysen- 
lerkc  in  food  poisoning,  864  ; cnteriiidis 
in  food  poisoning,  858,  873,  878  ; mallei, 
206,  317  ; paralyphosus  in  food  poisoning, 
860,  865  ; proteus  in  food  poisoning,  862  ; 
psittacosis  in  food  poisoning,  859  ; tuber- 
culosis, 258,  317  ; typhosus  in  food  poison- 
ing, 860 

Bacteria,  acid-fast,  259,  317-322  ; and  arsenic 
poisoning,  1067  ; .and  food  poisoning, 
855-883  ; attenuation  of,  11  ; causing 
disease,  3 ; distribution  of,  in  body,  32- 
34  ; infection  by,  12,  45-47  ; interaction 
of,  13  ; parasitic,  2,  7 ; sajirophytic,  2,  7 ; 
tissue,  ch.anges  due  to,  20-30  ; to.\ins  of, 
34-45  ; virulence  of,  11,  16 
Bacteriolysis,  95  ; analogy  with  haemolysis, 
115  ; harmful  effects  of,  116 
Barbencholera,  866,  876 
Beer,  905 
“Bellond,”  1042 
Bhang,  965 

Bisulphide  of  carbon  poisoning,  1021-1023 
Blasting  gelatin,  1030 
Blood  pressure,  alcohol  and,  903 
“ Blue  line  ” in  lead  poisoning,  1047 
Botulism,  860 

Bradycardia  in  typhus  fever,  548 
Brandy,  908 

“Brass-founders’”  ague,  1010 
Bronchitis  in  German  measles,  406  ; in 
measles,  393  ; in  small-pox,  513  ; in 
typh\is,  550  ; in  whooping-cough,  579 
Bronchopneumonia  in  German  measles,  406  ; 
in  measles,  387,  393  ; in  scarlet  fever, 
460  ; in  small-pox,  513  ; in  whoopii*- 
cough,  579 

“ Broiicliotyphus,”  556 
“Bull-neck,”  441 
Burnett’s  disinfecting  fluid,  1013 
Bursitis  in  syphilis,  361 
“Button  farcy.”  217 

Cacodylate  of  soda,  poisoning  by,  1 068 
CaH'eiue,  action  of,  985  ; in  opium  poisoning, 
944  ; poisoning  by,  985-988 
Camp  fever  (typhus),  539 
Cancer,  arsenic  poisoning  and,  1076  ; vaccina- 
tion and,  738 
Cancrum  oris  (noma),  395 
Cannabiuol,  965 


Cannabis  indica,  jjoisoning  by,  965 
Canquoin’s  paste,  1013 
Carbolic  acid  ]ioisoning,  1017-1021  ; sym- 
ptoms, 1018  ; treatment,  1020 
Carboluria,  1019 

Carbon  bisulphide  poisoning,  1021-1023 

Carbonic  oxide  poisoning,  1032-1035 

“Carotting,”  1002 

Caseation  in  tuberculosi.s  264 

Catarrh,  infective,  564 

“Catching  cold,”  565 

Cells,  wandering,  9 

“Cerebral  breathing,”  544,  550 

Chancre,  Hunterian,  345 

Charas,  965 

Charbon,  227 

Cheloid,  vaccination  and,  671 
Chemiotaxis,  137,  215 

Chicken-pox,  475-483  ; co-existence  with 
other  fevers,  844-847  ; confluent,  480  ; 
diagnosis,  522 

Children,  opium  poisoning  in,  945  ; rheuma- 
tism in,  645-662 
Chloral  poisoning,  978 
Chloroform  poisoning,  chronic,  976 ; delayed, 
977 

“Choke-damp,”  poisoning  by,  1035 
Chorea  in  measles,  395  ; rheumatic,  606, 
658 

Chromate  of  lead,  poisoning  by,  1041,  1067 
Chromatotaxis,  215 
Cider,  905 

Cigarette -smoking  and  tobacco  poisoning, 
982 

Cirrhosis  of  the  liver  and  alcoholism,  91 6 ; 

and  lead  poisoning,  1061 
Claviceps  purpurea,  in  ergotism,  887 
Coal-gas  poisoning,  1032-1035 
Coca,  968 

Cocaine  poisoning,  968-974  ; acute,  969  ; 

chronic,  972  ; ileath  due  to,  969 
Coffee  poisoning,  985-988 
Cold,  common,  564 
Colic  in  lead  poisoning,  1044,  1046 
Colles’  Law,  354,  365 
Complemeiltoids,  104 

Complements,  96,  119  ; and  ph.agolpis,  134  ; 
artificial  supply  of,  120  ; deviation  of, 
112  ; multiplicity  of,  101,  105 
Condyloma,  in  syphilis,  346 
Conjunctivitis  in  measles,  396  ; in  small-pox. 
512,534 

Constipation  in  glandular  fever,  591  ; in 
lend  poisoning,  1045 
Contagion,  conception  of,  6 
flontagium,  6 

Convulsions  in  whooping-cough,  577 
Copper,  detection  of,  1012  ; piu'iflcation  of 
drinking  water  by,  1012 
Copper  poi.soning,  1008-1012  ; in  brass- 
workers,  1011 

Corneal  ulcer  in  small-pox,  512,  535 
Coruutine,  poisoning  by,  888 
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Corpora  amylacea  iu  hyilropliobia,  SI 9 
Coryza,  iufectious,  5(54-571  ; bacteriology  of, 
5ti7 

Cow-pox,  747  ; iu  man,  74S 
Curara  iu  hyilropliobia,  S29 
Cytase,  lOti 

Cy-to<liaguosis  of  tuberculosis,  293 
Cytolysis,  159 

Deafness  after  mumps,  5S9 
Death,  sudden,  iu  rheumatism,  594  ; iu 
sulphuretted  hydrogen  poisoning,  1036 
Delirium  treraeus,  929-935  ; diagnosis,  932  ; 
prognosis,  932  ; restraint  in,  935  ; sym- 
ptoms, 930  ; treatment,  933 
Desquamation  iu  scarlet  fever,  41S,  436 
Dewsbury,  vaccination  at,  774 
Diachylon  and  lead  poisoning,  1044 
Diarrha-a  in  measles,  394 
Dinitrobenzol  poisoning,  1023-1026,  1028 
Diphtheria  and  small-pox,  486  ; co-existence 
with  other  fevers,  843-851  ; development 
of  antitoxin  in,  88  : post-scarlatinal,  461 
Diplococcus  rheuTJUttiacs,  613  ; in  chorea, 
606 

Dipsomania,  935 

Disseminated  myelitis  in  measles  397 
Dover’s  powder  in  sj'phUis  370 
Drug  eruptions,  vaccination  and,  694 
Drunken  fit,  the,  911 
“ Dumb  palsy  ” (hydrophobia),  826 
Djuamite,  1030 

Eczema  and  vaccination,  689 
Ehrlich  phenomenon,  the,  61 
Ehrlich,  views  as  to  antitoxins,  81-87  ; on 
protoplasm,  162 

Encephalopathy  iu  lead  poisoning,  1049, 
1052,  1061 

Endocarditis  in  measles,  395  ; in  rheuma- 
tism, 604,  609,  623,  650 
Endotoxins,  43 

Enteric  fever,  co-existence  with  other  fevers, 
84-3-851 

Eosinophilia  in  scarlet  fever,  444 
Epidemic  gangrene  (ergotism),  884-892 
Epitlernic  roseola,  404 
Epilepsy,  epidemic  (ergotism),  888 
Epitoioids,  64 
Epizootic  stomatitis,  806 
Erethism,  mercurial,  1006 
Ergotism,  884-892  ; and  Raynaud’s  disease, 
891  ; causation,  887  ; diagnosis,  891  ; 
pathology,  889  ; symptoms,  890  ; treat- 
ment, 891 

Erysipelas,  co-existence  with  other  fevers, 
84-3-851  ; vaccination  and,  699-707 
EnjOirma  emrlaliimin,  rheumatic,  657 
Erythema  in  small-fwx,  520 
En/lhtina  nfi'l.omm,  658  ; in  rheumatism, 
624 

Erythromelalgia  and  ergotism,  891 
Ether  poisoning,  974 


Eucaine,  971 

Explosives,  poisoning  by,  1027-1032 

Facial  paralysis  iu  mumps,  589 
Facies  typhosa,  543 
Farcin,  201 

Farcy,  201-227  ; liacteriologj',  206 ; dia- 
gnosis, 221  ; metliod  of  infection  in,  203  ; 
symptoms,  219  ; treatment,  223 
Farcy-bud.s,  216 
Farcy-pipes,  217 

Fever,  glandular,  591-593  ; pathology  of.  30 ; 
rheumatic,  594-662  ; scarlet,  410-475  ; 
typhu.s,  538-564 
Fevers,  co-existence  of,  843-851 
Filatow’s  (Koplik’s)  spots,  388 
Fish  poisoning,  865-867,  875 
“ Fixateur,"  96 
Fofnites,  540 

Food  poisoning,  855-884  ; antiserum  for, 

882  ; bacteria  causing  it,  855-883  ; by 
alcohol,  912 ; by  chick-peas  (lathyrisni), 
898-900  ; by  fish,  865-867,  881;  by  maize 
(pellagra),  892-898  ; by  meat,  858,  880  ; 
by  milk,  864  ; bj^  mushrooms,  868-872, 
881 ; by i-ye  (ergotism),  884-892 ; diagnosis, 
876-880  ; patliological  anatomy,  872  ; 
prophylaxis,  880  ; symptoms,  873  ; treat- 
ment, 880 

Foot-and-mouth  disease,  806-813  ; bacteri- 
ology, 809  ; in  man,  811  ; symptoms, 
810 

Formic  acid  in  rheumatism,  614,  620 
“Fourth  disease,’’  scarlet  fever  and,  448 
Fngin,  866,  875 

Fungi,  British,  table  of,  869  ; poisoning 
by,  868-872,  894  ; toxic  princiides  of, 
870 

Gaertner’s  bacillus,  858 
Gangrene,  epidemic  (ergotism),  884-892 
Gangrene  of  lung  in  typhus  fever,  550 
Ganja,  965 

Gaol  fever  (typhus),  539 

Gas,  poisoning  by:  coal-gas,  1032-1035; 

water-gas,  1032-1035 
Gastritis  in  alcoholism,  916,  923 
Gastro-enteritis  (sec  Food  Poisoning),  855- 

883 

German  measles,  404-410  ; aberrant  forms, 
407  ; and  scarlet  fever,  448  ; co-cxisteuce 
with  other  fevers,  843-851  ; diagnosis, 
409 

Gin,  908  „ r • 

Gingivitis  in  mercury  poisoning,  100.) ; m 
jihosphorus  poisoning,  1 000 
Glanders,  201-227  ; agglutination  test  iu, 
223  ; bacteriology  of,  206  ; chromatotaxis 
iu,  215  : diaguosis,  221  ; lung  aflecteil 
in,  212  : method  of  infection,  20.3  : .small- 
pox and,  524  ; symptoms,  215:  treat- 
ment, 223 

Gla.iilular  fever,  591-593 
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Glossitis  in  small-pox  514,  634  ; in  tobacco 
poisoning,  982  ; in  syphilis,  346 
Gloucester,  vaccination  at,  774 
Glycogenic  reaction  in  scarlet  fever,  445 
“Gold  cure”  and  alcoholism,  929 
Gout  and  alcoholism,  922  ; and  lead  poison- 
ing, 1058 

Grain  poisoning,  884-901  (see  Ergotism, 
Lathyrism,  Pellagra) 

“Grease”  (equinal  small-pox),  747 
Grimacing,  in  second  dentition,  658 
Gumma,  349 

Gunpowder  fumes,  poisoning  by,  1028 

Habitual  drunkards  and  the  Inebriates  Acts, 
927 

Htematoporphyrinuria  in  lead  poisoning, 
1060  ; in  rheumatic  fever,  621  ; in  sulph- 
onal  poisoning,  960,  979 
Hicmaturia  in  small-pox,  502 
Hiemolysis,  39,  60,  95-116  ; Bordet’s  views 
on,  105  ; by  snake  poison,  167  ; Ehrlich’s 
views  on,  97  ; Muir’s  views  on,  109 
Haptophore,  64 
Ha.sheesh  poisoning,  965-968 
Headache  in  syphilis,  375 
Heart  in  alcoholism,  920,  923  ; in  rheuma- 
tism, 604,  621,  650-655  ; in  tobacco 
poisoning,  983 

Helvellic  acid,  poisoning  by,  87 1 
Hemiplegia  in  measles,  396  ; in  whoopiug- 
covigh,  578 

Hemp,  Indian,  poisoning  by,  965 
Hendon  cow-disease,  the,  417,  421 
Heredity  in  rheumatism,  603,  647 
Herrings,  poisoning  by,  866 
“ Horror  aulotoxiom"  105,  165 
“ Horroi's,  the,”  929 
Horse-pox,  747 
Hospital  fever  (typhus),  539 
Humic  acid  and  lead  poisoning,  1038 
Hutchinson’s  teeth,  377  (Fig.) 

“ Huttereich”  in  arseinc  poisoning,  1070 
Hydrogen,  arseniuretted,  1067  ; phos- 
phoretted,  989,  990  ; sulphuretted,  1035 
Hydrophobia,  813-843  ; diagno.sis,  826  ; eti- 
ology, 815  ; histology,  818  ; in  the  dog, 
827,  incubation,  824;  “Negri”  bodies 
in,  822  ; paralysis  after  treatment,  835  ; 
symptoms,  824  ; treatment,  828-840  ; 
treatment  by  serum,  837  ; intensive  treat- 
ment, 833  ; simple  treatment,  832 
Hydroquinone,  1019 

Hydrotherapy  in  hyperpyrexia,  634  ; in 
measles,  401  ; in  typhus  fever,  561 
Hyperpyrexia  in  delirium  tremens,  932  ; in 
rheumatism,  625,  634,  649  ; treatment, 
634  ; in  scarlet  fever,  434,  442,  469  ; in 
typhus  fever,  546 

Hypnotism  in  alcoholism,  929  ; in  opium 
poisoning,  964 

Hysteria,  “ toxic,”  in  lead  poisoning, 
'l049 


Ichlhyoloxismus,  865 
Icterus  and  phosphorus  poisoning,  995 
Ignis  sacer  (ergotism),  884 
Immune  body,  96  ; chemiotaxis  of,  138  ; 
formation,  113,  124  ; relation  to  opsonins, 
141  ; varieties,  101 
Immune  serum,  94 

Immunisation,  ditticulties  in,  118  ; process 
of,  52 

Immunisine,  138 

Immunity,  active,  48  ; production  of,  184  ; 
against  bacteria,  90  ; against  malaria, 
171  ; haiinolysis  and,  113  ; natural,  156  ; 
passive,  48  ; persistence  of,  144  ; phago- 
cytosis and,  145-150  ; unit  of.  54  ; whether 
cellular  or  humoral,  129 
Impetigo,  vaccination  and,  690 
Indian  hemp,  poisoning  by,  965-968 
Inebriates  Acts  and  alcoholism,  926 
Infantilism  and  syphilis,  378 
Infection,  general  pathology  of,  1-198 
Infection,  by  protozoa,  169  ; by  ultramicro- 
scopic  agents,  168  ; causes  of  death  in, 
32  ; conception  of,  6 ; function  changed 
in,  30-32  ; predisposition  to,  acquired,  14- 
17  ; predisposition  to,  hereditary,  17-20  ; 
predisposition  to,  jier.sonal,  13  ; tissue 
changes  in,  20-30 

Infectious  diseases,  co-existence  of,  843-851 
Influenza  cold,  569  ; influenza,  measles  and, 
393  ; small-pox  and,  520 
Inoculation,  anti-cholera,  185  ; anti-plague, 
186  : antistaphylococcal,  188  ; antituber- 
culous, 189,  Behring’s,  192,  288  ; anti- 
typhoid, 186-188 

Insanity  in  ether  poisoning,  976  ; in  hasheesh 
poisoning,  967  ; in  lead  poisoning,  1057  ; 
in  opium  poisoning,  958 
Insomnia  in  alcoholism,  923,  928  ; in  to- 
bacco poisoning,  984 
Iodides  in  syphilis,  369 
Iritis,  syphilitic,  347 
Iron  carbonyl  poisoning,  1037 
Isolysin,  105 

Jail  fever  (typhus),  639 

Jaundice  and  phosphonis  poisoning,  995 

Kala  azar,  phagocytosis  in,  170 
Kephir,  908 

Keratitis  in  small-pox,  506,  512,  535  ; 
syphilitic,  378 

Keratosis  in  arsenic  poisoning,  1076 
Kidneys  in  alcoholism,  917 
Koplik’s  spots,  388 
Korsakoff’s  syndrome,  924 
Koumiss,  908 

Lampreys,  poisoning  by,  866 
Larjmgitis  in  alcoholism.  918  ; in  chicken- 
pox,  481  ; in  measle.s,  392,  402  ; in  small- 
pox, 513  ; in  typhus  fever,  551 
Larynx,  tuberculosis  of,  269 
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Lathyrism,  S98-900 

Laudanum,  administration  to  infants,  946 
Lead  poisoning,  1037-1066  ; abortion  in, 
104S,  1057  : ana;mia  in,  1044  ; blooil 
changes  in,  1048  : by  moorland  water, 
1040  ; colic  in,  1044  ; constipation  in, 
1045  ; diagi\osis,  1062  ; epidemic,  1038, 
1040  ; four  chief  forma  of,  1044  ; gout  in, 
1058  ; industrial.  1041,  1064  ; lumbar 
puncture  iu,  1065  ; minute  doses  in, 
1039  ; morbid  anatomy,  1060  ; nervcus 
disorders  in,  1049-1057  ; prognosis,  1063  ; 
symptoms,  1044-1060  ; treatment,  1063- 
1066 

Leicester,  vaccination  .at,  774 
Leprosy,  vaccination  and,  735-738 
Lenciu,  997 

Leucocytosis,  artificial,  192  : in  hydi'o- 

phobia,  820  ; in  bacterial  infections,  27, 
39  ; in  protozoan  infections,  170  ; iu  lead 
poisoning,  1066  ; in  scaidet  fever,  443  ; 
in  typhus  fever,  542  ; iu  vaccination,  672  ; 
in  whooping-cough,  573 
Leucolysis,  160 
Leucomaines,  856 
l.,eucopenia,  in  enteric  fever,  27 
Leucoto.vins,  160 
Liqueurs,  constituents  of,  908 
Liver,  acute  yellow  atrophy  of  and  phos- 
phorus poisoning,  993,  996  ; iu  alcoholism, 
916  ; in  lead  poisoning,  1061 
Lumbar  puncture  in  lead  poisoning,  1065 
Lung,  “ cancer  ” of,  in  arsenic  poisoning, 
1066;  collapse  of,  in  whooping-cough, 
579  ; gangrene  of,  in  tj'phns  fever,  550 1 
infected  in  glanders,  212  ; oedema  of,  in 
scarlet  fever,  473  ; tuberculosis  of,  266  ; 
tnberculosLs  of,  in  alcoholism,  918 
Lupus,  272  : vaccination  and,  733 
Lyddite  fumes,  poisoning  bj-,  1032 
LjTiiph,  vaccine,  743,  759  ; vaccine,  glycer- 
inated,  763  ; vaccine,  psorosperms  in, 
755 

M.H.D.  (minimum  li.'emolytic  dose),  110 
M.  L.D.  (minimum  lethal  dose),  36,  54 
Macroph^e,  12.5,  144,  148 
Maize  poisoning  (see  Pellagra),  892-898 
3falaria,  immunity  to,  171  ; leucocytosis  in, 
170 

Malignant  pustule  (anthrax),  227 
Mallein,  210 
Mania,  alcoholic,  935 
Mastitis  in  mumfjs,  588 
Mastoid  di.sease  in  scarlet  fever,  454.  471 
Measles,  385-404  ; and  pregnancy,  397  ; 
co-existence  with  other  fevers,  843-851  ; 
diagnosis  of.  409,  519,521  ; complications 
of,  392  ; German,  404  (see  German 
measles);  treatment  of,  399  ; wdthout  erup- 
tion, 390 

Meat,  poisoning  by,  858-864  ; tuberculosis 
and,  283 
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5Iediastino-pericarditis  in  rheumatism,  653 
Melancholia,  alcoholic,  935 
Meningitis  in  mumps,  588 
Mcnzer’s  serum,  635 
Mercury,  detection  of,  1004 
Mercury,  poisoning  by,  1002-1008  ; morbid 
anatomy,  1003;  symptoms,  1004  ; treat- 
ment, 1008  ; use  in  syphilis,  320 
Metallic  poisoning,  988-1078 
Methremoglobin  in  antifebrin  poisoning, 
j 980 ; in  carbon  bisulphide  poisoning, 
1022  ; in  sulphuretted  hydrogen  poisou- 
I iug,  1 036 

I Metrorrhagia  iu  lead  poisoning,  1048 
I Miasma,  6 

Microcoayus  catarrhalis,  567  ; rheimaticus, 

\ 613 

Microphage,  125,  144,  148 

Milk  poisoning,  864  ; scarlet  fever  and,  417  ; 

tuberculosis  and,  282 
Mirchamp’s  symptom  in  mumps,  586 
Moorland  water  and  lead  poisoning,  1040 
Morhilli  (measles),  385 
Morphine,  action  of,  on  cells,  939,  957 
Morphine  injection,  949 
Morphinism  (see  Opium  Poisoning),  946- 
964 

Mm-ra,  201 

M<n~ve,  201 

Morvln,  211 

Muermo,  201 

Mumps,  586-591 

Mumps  with  enteric  fever,  851 

Munich  beer-heart,  923 

Muscaridine,  870 

Muscarine,  870,  876 

Mushrooms,  poisoning  by,  868-872,  876,  881, 
882 

Mushrooms,  British,  table  of,  869 
Musk  as  a stimulant,  562 
Mussels,  poisoning  by,  866,  875 
Mycetismus,  868 

Mycosis  intestinalis  (anthrax),  227 
Jlyelitis  in  .alcoholism,  919;  in  measle.s, 
397  ; in  sinall-pox,  487 
Myocarditis  in  rheumatism,  623,  653 

Negative  ph.ase  in  immunisation,  53 
“ Negri”  bodie-s,  822 
Neisser-Wcchsbcrg  phenomenon,  the,  120 
Nephritis  in  glandular  fever,  591  ; in  lead 
poisoning,  1060  ; iu  mercurial  poisoning, 
1003  ; in  scarlet  fever,  426,  458,  471  ; in 
whooping-cough,  580 

Nerve-cells  iu  hydropholtia,  820  ; in  acute 
alcoholis'm,  914 

Nervous  diseases  and  syphilis,  364  ; and 
alcoholism,  919  ; and  lend  poisoning. 
1049-1057 

Neuralgia  in  tobacco  poisoning,  984 
Neuritis  in  alcoholism,  920,  923  ; in  arsenic 
poisoning,  1074  ; in  bisulphide  of  carbon 
poisoning,  1021  ; in  lead  poisoning,  1055 
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Neuroma,  syphilitic,  364 
Neuro-retinitis  in  lead  poisoning,  1052 
Neurotics  and  opium  poisoning,  950 
Nickel  carbonyl  poisoning,  1036 
Nicotine  in  tobacco  poisoning,  981 
“ Nidri,”  1070 

Nitrobenzol  poisoning,  1023-1026 
Nitroglycerin  poisoning,  1030 
Nitrous  fumes,  poisoning  by,  1031 
Nodules,  rheumatic,  605,  611,  629,  655 
.(Fig.) 

Noma,  measles  and,  395 

Ophthalmia  and  vaccinia,  685 
Opium  poisoning,  937-965  ; acute,  940-945  ; 
diagnosis,  942;  treatment,  943;  symptoms, 
940;  chronic,  945-964;  after-cure,  963; 
after  - treatment,  962 ; constipation  in, 
954  ; diagnosis,  955 ; in  adults,  946  ; in 
children,  945  ; in  neurotics,  950  ; path- 
ology, 955  ; prognosis,  955  ; relapse, 
962  ; symptoms,  953  ; treatment,  956  ; 
withdrawal  of  morphine  in,  957 
Opium  smoking,  948 
Opium,  tolerance  of,  947  ; use  of,  947 
Opsonic  index,  143  ; in  tuberculosis,  190 
Opsonic  phenomenon,  the,  139-143  ; in  tuber- 
culosis, 192,  293,  295 
Opsonins,  140  ; Dean’s  views  on,  141 
Optic  neuritis  in  lead  poisoning,  1052 
Orchitis  in  mumps,  588 
Osteocopic  pains,  359 

Otitis  media  in  measles,  394,  403  ; in  scarlet 
fever,  452,  470  ; in  small-pox,  513  ; in 
typhus  fever,  553 
Ovaritis  in  mumps,  588 
Oxytuberculin,  296 

Panci’eatitis  in  alcoholism,  916 
Paralysis,  facial,  in  mumps,  589 
Parangi,  344 

Paraplegia,  in  carbon  bisulphide  poisoning, 
1021  ; in  phosphorus  poisoning,  994  ; in 
small  - pox,  515;  in  syphilis,  364;  in 
typhus  fever,  554  ; in  whooping-cough, 
528 

Parotitis,  epidemic,  586-591  ; symptomatic, 
589 

“ Parrot  tongue,”  544 
Parrot’s  bosses,  378 
Pathology,  general,  of  infection,  1-198 
Pearl-pox  (small-pox),  782 
Pellagra,  892-898  ; causation,  893  ; dia- 
gnosis, 897  ; pathology,  895  ; symptoms, 
895  ; treatment,  897 
Pemphigus,  vaccination  and,  691 
Pcnicillium  brevicaule  in  ai’senical  poisoning, 
1068 

Peric.ai’ditis,  rheumatic,  610,  621,  633,  650 
Perichondritis  of  larynx  in  typhus,  553 
Periostitis,  syphilitic,  362 
Peritoneum,  tuberculosis  of,  269 
Pertussis  (whooping-cough),  571 


Pfeiffer  phenomenon,  the,  93,  132 ; and 
phagocytosis,  132 

Phagocytosis,  24,  124-150  ; action  of  serum 
in,  145  ; and  Pfeiffer’s  phenomenon,  132  ; 
chemiotaxis  and,  137  ; immunity  and, 
145-150  ; in  protozoan  infections,  170  ; 
of  living  bacteria,  127  ; Wright’s  views  on, 
140 

Phagolysis,  133 
Phallin,  871 

Pharyngitis  in  alcoholism,  916  ; in  tobacco 
smokers,  982 

Phenol  poisoning,  1017-1021 
Phosphorism,  990 
Phosphorus,  detection  of,  997 
Phosphorus  poisoning,  988-1002  ; abortion 
in,  995  ; diagnosis,  996  ; due  to  phos- 
phoretted  hydrogen,  990  ; fatty  changes 
in,  991  ; industrial,  998-1002  ; jaundice 
in,  993  ; morbid  anatomy,  991  ; sym- 
ptoms, 992  ; treatment,  997,  1001  ; urine 
in,  995 

“ Phossy  jaw,”  999  ; and  tuberculosis,  1000 
Picric  acid  poisoning,  1031 
“ Pink-eye,”  407 
Pleura;,  tuberculosis  of  267 
Pleurisy,  rheumatic,  606,  610,  624 
Plumbism  (sec  Lend  Poisoning),  1037-1066 
Pneumococcus,  infectivity  of,  4 
Pneumonia,  caseous,  267  ; in-  <lelirium 
tremens,  933  ; in  rheumatism,  624 
” Pneumotyphus,”  556 
“ Pock,”  arsenic,  1066 
Poisoning,  by  alcohol  (see  Alcoholism),  901- 
• 937  ; cocaine,  968-974  ; ergot  (see  Ergot- 
ism), 884-892  ; foods  (see  Pood  Poisoning), 
855-884  ; lead  (.see  Lead  Poisoning),  1037- 
1066  ; maize  (see  Pellagra),  892-898  ; 
opium  (see  Opium  Poisoning),  937  - 965  ; 
various  metals  and  non-metals,  988-1017, 
1036-1078;  various  organic  compounds, 
1017-1036  ; see  also  various  drugs 
Poisonous  trades,  988-1078 
Poitou  colic,  1038 
Potassium  iodide  in  syphilis,  369 
Potatoes,  poisoning  by,  867,  876 
“Pox,”  antimony,  1014 
Precipitins,  112,  158  ; medico-legal  use  of, 
159 

Pregnancy  in  measles,  397  ; in  small-pox, 
516  ; see  Abortion 
Protoplasm,  Ehrlich’s  views  on,  162 
Protoxoids,  64,  105 
Protozoa,  infection  by,  169 
Protozoon  of  scarlet  fever.  423 
Pseudo-general  paralysis  in  plumbism,  1053 
Pseudo-tabes  in  plumbism,  1054 
Pseudo-tuberculosis,  290,  321 
Psoriasis,  vaccination  and,  691 
Psorosperms  in  vaccine  lymph,  755 
Psychosis  polyneuritica,  924 
Ptomaine  poisoning  (,?ee  Food  Poisoning). 
855-884 
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Ptyalism  in  mercury  poisoning,  3-tS,  1008 
purpura  rhruinatica,  657 
Pustule,  malignant  (anthrax),  227 
Putrefaction  ami  foo<l  poisoning,  856 
Putrid  fever  (typhus),  539 
Pyridine  in  tobacco  poisoning,  981 

Kabies,  813 

Ihiphania  (ergotism),  887 
Baynaud’s  disease  and  ergotism,  891 
Keceptors,  103  ; Ehrlich’s  views  on,  162  ; 

three  onlers  of,  163 
Red  light  treatment  of  small-pox,  536 
Revaccination,  787 
Rheum,  594 

Rheumatic  fever,  594-662  ; alkalis  and,  670  ; 
bacteriology,  606-617  : cardiac  lesions  in, 
604,  621,  633,  650-655  ; in  childhood,  645- 
662  ; chorea  and,  624,  658  ; complications, 
621-627  ; diagnosis,  629,  648  ; etiology, 
595  ; hereility  in,  603,  647  ; in  scarlet 
fever,  455,  471,  659  ; morbid  anatomy, 
604  ; prognosis,  659  ; rashes  in,  624, 
657  ; relapse  in,  618  ; statistics  of,  636- 
642 ; subitcute,  594 ; symptoms,  617- 
621,  645-659  ; treatment,  630-636,  659  ; 
urine  in,  614,  620 

Rheumatic  nodule,  the,  605,  611,  629,  655 
(Fig.) 

Rheumatic  series,  the,  645 
Rheumatism,  acute  {see  Rheumatic  Fever), 
594-662  ; of  childhood,  645-662 
Rheumatoid  arthritis  in  rheumatism,  659 
Rhinorrhcea  in  scarlet  fever,  439,  451 
Ricin,  42 

Ring-worm,  vaccination  and,  691 
Robnrite  fnraes,  poisoning  by,  1028 
Rose-rash,  epidemic  (German  measles),  404 
Roseola,  epidemic,  404  ; infectious,  407 
Rrultehi  (Gennan  mea-sles),  404 
ItubeUa  (German  measles),  404 
Ruheoia  Twtha  (German  measles),  404 
Rum,  908 
Rupia,  .349,  374 

Rye,  poisoning  by  {see  Ergotism),  884-892 

Saint  Anthony’s  fire,  884 
Salicylates,  u.se  of,  632 
•Sartlines,  poisoning  by,  865 
Saturnine  poi.«oning  {see  I.ead  Poisoning), 
10.37-1066 

Hcnrl/diiw,  410  ; awjinosa  vel  ulcerosa,  432  ; 

hfnujna,  431  ; muliijiiw.,  433 
Scarlet  fever.  410-475  ; al>errant  cases  of, 
445;  bacteriology,  421-424  ; clinical 
varietie.s,  431-434  ; co-existence  with 
other  fevers,  843-851  ; diagnosis,  447, 
518  ; fatality,  variable,  of,  414  ; nephritis 
and,  426 ; parasite  of,  423  ; peeling  and 
infection,  418  ; puerjxjral,  447,  451  ; 
relapse.  460;  “ retnm-cases  ” of.  419; 
seasonal  prevalence  of,  413;  scmi- 
malignant,  434  : sfirca<l  of,  416  ; surgical, 
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446,  451  ; symptoms,  434-443;  treatment, 
463-474;  vomiting  in,  431 
Scheele’s  green,  poisoning  by,  1067 
Sclavo’s  anti-anthrax  serum,  253 
Scorpion  poison,  toxins  of,  41 
Scurvy,  863 
Secaline,  888 

Scrum,  anti-alcoholic,  929  ; anti-anthrax, 
182,252;  anti-ar.senical,  37;  anti-bacterial, 
118,  121,  176;  anti-botuli.sm,  882;  anti- 
diphtheritic,  172  ; anti-plague,  181  ; anti- 
pneumonic,  184  ; auti-rabic,  184,  837  ; 
anti  - rheirmatic,  635;  anti  - scarlatinal, 
polyvalent,  464;  anti -small- pox,  756; 
antistreptococcal,  178,  296,  464  ; anti- 
tetanic,  172;  antitoxic,  50,  172-176; 
antituberculous,  184,  296;  antityphoid,’ 
118;  bactericidal,  91,  122,  176;  bacterio- 
lytic, 95  ; cytolytic,  159  ; cytotoxic,  1 59  ; 
“ fresh,”  94  ; harmolytic,  96 ; immune,  94  ; 
Maragliano’s  antituberculous,  296  ; M.ar- 
morek’s  antituberculous,  296  ; Menzer’s, 
635  ; Sclavo’s,  253 

Serum-therapy,  118-122, 172-184  ; of  scarlet 
fever,  463  ; of  sra.all-pox,  537 
Shell-fish  poisoning,  866,  875 
“Shilling  scars,”  374 
Ship-fever  (typhus),  539 
Sicareit  poisoning,  1031 
Side-chains,  81,  162 

Small-pox,  483-538  ; age-incidence  of,  776; 
antiquity  of,  767  ; antitoxin,  756  ; black, 
507  ; co-existence  with  other  Fevers, 
843-851;  complic.ations  of,  511-516; 
confluent,  505  ; corymbose,  504  ; diagno- 
sis of,  517-526  ; di.screte,  503  ; eruptions 
of,  495-498  ; fatality  of,  780  ; foetal, 
511  ; haemorrhagic,  507  ; initial  rashes 
of,  492,  528  ; inoculated,  510  ; modified, 
501  ; morbid  anatomy,  484-488  ; nervous 
disorders  in,  514  ; pitting  after,  516  ; 
prevalence  lessened  by  vaccination,  769  ; 
prognosis  in,  526  ; relation  to  vaccinia. 
749  - 759  ; secondary  fever  of,  500  ; 
symptoms,  498  ; treatment,  530  - 537  ; 
treatment  by  red  light,  536  ; vaccination 
and,  766-805  ; without  eruption,  502 
Snake  poison,  haemolysis  by,  167  ; toxins  of, 
40-42 

“Snuffles,”  376 
Soft  sore,  345 
Solanein,  867 
Solanin,  867 

“.Spadic”  (coca  leaves),  968 
Spectrum  of  toxin,  68,  73  (Fig.) 
Spclter-worker.s,  poisoning  of,  1013 
Sphacelinic  acid,  poisoning  by.  888 
Sphacelotoxin,  poisoning  by,  888 
Spirochota  jiallula,  344 
Spirocho'la  rrjrniffrns,  345 
Spirits,  composition  of,  907 
Spleen,  in  immuiiity,  10 
Splenic  fever  (anthrax),  227 
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Spotted  fever  (typlius),  538 
Sputum,  tuberculous,  281 
Stimulants,  use  of,  in  tyiihus  fever,  561 
Stomatitis  in  measles,  394  ; in  scarlet  fever, 
459,  474  ; in  small-pox,  514  ; in  typhus 
fever,  545,  555 
Stovaine,  970 

Slreptococcm  scarlatina:,  421 
Streptothrix  infections,  302-324  ; acid-fast 
bacilli  in,  259,  317-322  ; morphology  of, 
304  ; relation  to  B.  tuberculosis,  317 
Streptotrichosis,  304  ; (actinomycosis),  324- 
343  ; pseudo-tuljerculosis  and,  321 
Styrian  arsenic  eaters,  1069 
Substance  sensibilisalrice,  96 
Sudamina  in  rheumatism,  620 
Suiphoual  poisoning,  979 
Sulphuretted  hydrogen  poisoning,  1035 
Snprarenais,  tuberculosis  of  the,  271 
Sweating  in  rheumatism,  620 
Syntoxoids,  64,  67 

Syphilis,  constitutional,  343-381  ; abortive, 
345,  351 ; and  marriage,  367  ; and  nervous 
disease,  364 ; arteries  in,  359  ; diagnosis, 
373,  379  ; immunity  to,  351 ; invaccinated, 
675  ; malignant,  348,  372  ; primary  sym- 
ptoms of,  345  ; second  infection  with,  352  ; 
secondary  symptoms  of,  346  ; small-pox 
and,  623  ; tertiary  symptoms  of,  349, 
360  ; tissues  affected  in,  357-365  ; trans- 
mission, 353  ; treatment,  352,  368-372  ; 
vaccination  and,  712-  730  ; wrongly 
diagnosed,  686 

Syphiiis,  inherited,  354-357,  380,  693  ; 
diagnosis,  375  ; teeth  in,  377  (Fig.) 

Tartar  emetic,  1015 
Tea  poisoning,  985-988 
Teeth,  in  inlierited  syphilis,  377  (Fig.) 
Tetanolysin,  neutralisation  of,  69 
Tetanus,  toxins  of,  38  ; vaccination  and, 
709 

Tetany,  measles  and,  396 
Tetronal  poisoning,  979 
Thrombosis  in  typhus  fever,  554 
“Tobacco-heart,”  983 
Tobacco  poisoning,  980  - 985  ; symptoms, 
982-984 

Tongue  in  scarlet  fever,  439 
Tonite  fumes,  poisoning  by,  1028 
Tonsils,  infection  of,  9 ; in  rheumatism, 
610  ; in  .scarlet  fever,  439, 459  ; in  syphilis, 
346 

Toxins,  action  in  the  body,  78  ; Isacterial, 
29,  34-45  ; crude  and  true,  61  ; difler- 
ence  fi-om  alkaloids,  81  ; diphtheria  group 
of,  36  ; extracellular,  36  - 42  ; intra- 
cellular, 42-45^  117  ; of  scorpion  poison, 
41  : of  .snake  poison,  40-42  ; reaction  with 
antitoxin,  57-78,  89,  112  ; Arrhenius’ 
and  Madsen’s  views  on,  68-72  ; Ehrlich’s 
views  on,  61-68,  72;  spectra  of,  68,  73 
(Fig.)  ; vegetable,  42 


Toxoids,  63  ; production  of  antitoxin  bv, 
87 

Toxons,  67 
Toxoidiore,  64 
Trades,  poisonous,  988-1078 
Tremors,  mercurial,  1002,  1005  ; in  lead 
poisoning,  1051 
Trional  poisoning,  979 
Truffles,  870 

Trypanosomiasis,  phagocytosis  in,  170 
Tuberculin  reaction,  44,  292  ; 0.,  261  ; 

R.,  189,  261,  295 
Tuberculocidin,  296 

Tuberculosis,  258-300  ; acute  miliary,  266, 
297  - 300  ; avian,  261  ; bovine,  261  : 
chronic  pulmonary,  266  ; congenital,  17, 
19,  288  ; cytodiagnosis  of,  293  ; diagnosis, 
292  ; fibroid,  268  ; heredity  of,  18,  288  ; 
immunity  to,  285  ; infection  in,  273-284  ; 
intra-nterine,  17 ; meningeal,  269  ; opsoinc 
index  in,  190,  293,  295  ; pathological 
anatomy  of,  262-284  ; peritoneal,  269  ; 
phagocytosis  in,  136  ; “phossy  jaw”  and, 
1000  ; prevention  of,  15,  284  ; pseudo- 
tubercnlosis  and,  321  ; sources  of  infection 
in,  280  ; spread  of,  in  body,  279  ; sym- 
ptoms, 291  ; treatment,  295  ; vaccination 
and,  730-735 
Tubingen  beer-heart,  923 
Tuiase,  288 

Typhoid  fever  (see  Enteric  Fever) 
“Typhoid”  state,  the,  544 
Typhus  fever,  .538-564;  afebrile,  547; 
bacteriology  of,  541  ; co-existence  with 
enteric,  850  ; complications  in,  553  ; dia- 
gnosis of,  520,  556  ; heart-failure  in,  548  ; 
odour  in,  549 ; relapse  in,  546  ; treatment, 
558 

Tyrosin,  997 
Tyrotoxicon,  865 

Ultramicroscopic  infective  agents,  168  ; in 
hydrophobia,  817,  823  ; in  foot-and- 

mouth  disease,  809 
Urreinia  in  typhus  fever,  551 
Uric  acid  and  lead  poisoning,  1059 
Urine,  in  carbolic  acid  poisoning,  1019  ; 
in  lead  poisoning,  1059  ; in  nitrobenzol 
poisoning,  1025  ; in  phosphorus  ]ioison- 
ing,  995  ; in  scarlet  fever,  442  ; in 
typhus  fever,  551 

Vaccin,  anti-anthrax,  185 ; anti-cholera,  185  ; 
auti-plagrie,  186  ; antistaph ylococcal,  188  ; 
antityphoid,  186-188;  antituberculous, 
189  : against  other  infections,  192 
Vaccination,  asepsis  and,  710  ; cancer  and, 
738  ; cheloid  due  to,  671  ; cicatrix-area 
after,  784-787  ; congenital  .syphilis  and, 
693  ;•  drug  eruptions  and,  694  ; eczema 
and,  689  ; eruptions  due  to,  673-692  ; 
erysipelas  and,  699-707  ; exanthems  and, 
692  ; immunity  to,  687  ; impetigo  and. 
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690  ; leprosy  and,  735-738  ; lessens  pre- 
valence of  small-pox,  769  ; leucocytosis 
in,  672  ; lupus  and,  733  ; normal,  667  ; 
objections  to,  696-712  ; ophthalmia  and, 
685  ; pemphigus  and,  691  ; performance 
of,  740-746,  765  ; protection  alTorded  by, 
784-802  ; psoriasis  and,  691  ; ring-worm 
and,  691  ; sepsis  and,  707,  709  ; small- 
pox anil,  766-805  ; susceptibility  to,  688  ; 
syphilis  and,  675,  693,  712-730  ; tetanus 
and,  709 : tuberculosis  and,  730-735  ; 
ulceration  in,  725-729  ; value  of,  766- 
805  ; variable  course  of,  669 
Vaccine  lymph,  743,  759  ; vesicle,  760 
Vaccinia,  causation,  682  ; gangi-enous,  689 ; 
generalised,  678-688 ; haunorrhagic,  688  ; 
in  man,  665-746  ; m utero,  682  ; patho- 
logy, 746-766  ; relation  to  variola,  676, 
680,  749-759  ; self -inoculated,  683; 
varieties,  678  . 

Varicella  (see  Chicken-pox),  475-483 
Variola  (see  Small-pox),  483-538 
rnWo/a  erystallina,  475 
Variolation,  752,  768,  771 
Varioloid,  501 
Vegetable  poisoning,  867 
Verruca  necrogenica,  272 
Vertigo  in  tobacco  poisoning,  982 
“ Virus  tixe  ” (in  hydrophobia),  830 


Vomititig  in  scarlet  fever,  431  ; in  whoop- 
ing-cough, 573 
Vulvitis  in  meiusles,  394 

Wall-papers  and  arsenic  poisoning,  1067  ; 

and  lead  poisoning,  1041 
Wandering  cells,  9 
Warrington,  vaccination  at,  774 
Water,  plumbo-solvency  of,  1040  ; purifica- 
tion by  copper,  1012 
Water-gas  poisoning,  1032-1035 
Water-supply  and  lead  poisoning,  1038 
Weil’s  disease  and  phosphorus  poisoning, 
997 

Whisky,  907 

Whooping-cough,  571  -585  ; co-existence 
with  other  fevers,  843-851  ; convulsions 
in,  577  ; prognosis,  582  ; symptoms, 
574  ; treatment,  583  : vomiting  in, 

573 

Wines,  composition  of,  906 
Wool-sorter’s  disease  (anthrax),  227,  245 
“'Wrist-drop”  in  lead  poisoning,  1050; 
in  mercury  poisoning,  1005 

Zinc  poisoning,  1012-1014 
Zomotherapy,  in  tuberculosis,  296 
“ Zwischenkiii'per,”  101 
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